Chapter 1
Introduction to Electronics

Section 1-1 Atomic Structure

1.

2.

An atom with an atomic number of 6 has 6 electrons and 6 protons.

The third shell of an atom can have 2n* = 2(3)* = 18 electrons.

Section 1-2 Materials Used in Electronics

3.

4.

S.

The materials represented in Figure 1-21 in the textbook are
(a) insulator (b) semiconductor (c) conductor

An atom with four valence electrons is a semiconductor.

In a silicon crystal, each atom forms four covalent bonds.

Section 1-3 Current in Semiconductors

6.

7.

When heat is added to silicon, more free electrons and holes are produced.

Current is produced in silicon at the conduction band and the valence band.

Section 1-4 N-Type and P-Type Semiconductors

8.

Doping is the carefully controlled addition of trivalent or pentavalent atoms to pure (intrinsic)
semiconductor material for the purpose of increasing the number of majority carriers (free
electrons or holes).

Antimony is a pentavalent (donor) material used for doping to increase free electrons. Boron
is a trivalent (acceptor) material used for doping to increase the holes.

Section 1-5 The PN Junction

10.

11.

The electric field across the pn junction of a diode is created by donor atoms in the n region
losing free electrons to acceptor atoms in the p region. This creates positive ions in the

n region near the junction and negative ions in the p region near the junction. A field is then
established between the ions.

The barrier potential of a diode represents an energy gradient that must be overcome by
conduction electrons and produces a voltage drop, not a source of energy.
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Diode Applications

Section 2-1 Diode Operation

1.

To forward-bias a diode, the positive terminal of a voltage source must be connected to the
p region.

A series resistor is needed to limit the current through a forward-biased diode to a value that
will not damage the diode because the diode itself has very little resistance.

Section 2-2 Voltage-Current Characteristic of a Diode

3.

To generate the forward bias portion of the characteristic curve, connect a voltage source
across the diode for forward bias and place an ammeter in series with the diode and a
voltmeter across the diode. Slowly increase the voltage from zero and plot the forward
voltage versus the current.

A temperature increase would cause the barrier potential of a silicon diode to decrease from
0.7Vt 0.6 V.

Section 2-3 Diode Models

S.

(a) The diode is reverse-biased. (b) The diode is forward-biased.
(c¢) The diode is forward-biased. (d) The diode is forward-biased.
(@ Wg=5V-8V=-3V

(b) Vg=0.7V

() Vg =07V

(d V=07V

(@ Ww=5V-8V=-3V

(b) V=0V

(c) V=0V

(d) V=0V

Ignoring r;, :
(@ Vy=25V-8v=-3V
(b) In = 100V-0.7V — 174 mA
560 Q+10 Q
Ve=Ipr, + V= (174 mA)(10 Q) + 0.7 V =244V
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© 120V _ 30V oo
R, 485kQ
L= S19mA oA

Ve=Igr; +0.7V=3.1mA)(10 Q)+ 0.7 V=0.731 V

(d) Approximately all of the current from the 20 V source is through the diode. No current
from the 10 V source is through the diode.
= 0V=0TV ) mA
10 kQ+10 Q
Ve=(1.92mA)(10Q)+0.7V=0.719 V

Section 2-4 Half-Wave Rectifiers

9. See Figure 2-1. 0
43Vmmmm mmm— = =

0

(a) 493V o e Sl
(b)
Figure 2-1
10. @ PIV=V, =5V (b) PIV=V, =50V
Vv
11. VAVG = P _ 200 \ — 63.7 V
V4 T

Vipn =07V 5V-07V 43V

12 (a) [p=—2™" = =91.5 mA
R 47Q 47 Q
Vom =07V _
by 1, = Vo _S0V-07V _493V _ g
R 3.3kQ 3.3kQ

13.  V, =nV, =(02)120V =24V rms

sec

14. V,.=nV _=(0.5)120V =60V rms

sec pri

Viseoy = 1.414(60 V) = 84.8 V

%
avg (sec) = p;:C) 2@ B 270 v
2

p _ (vp(sec) =07 V) — (841 V)2 =321W

L(p) RL 220Q '

2

o W) _@ove L

L(avg) RL 220 Q .
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Section 2-5 Full-Wave Rectifiers

%
15. (@) Vayg = £ = Bl =159V
T T
2V
() Vavg = —F= 2000V) =63.7V
T T
2V
(€) Vavg = —L2+10V = 200V) +10V=164V
T T
2V
(d) Vayg = —L2-15V _2640V) _ I5V=105V
T T
16. (a) Center-tapped full-wave rectifier
(b) Vpseey=1(0.25)(1.414)120V =424V
V isee
(c) %zﬂ =212V

(d) See Figure 2-2. Vi, =212V -0.7V=205V

Figure 2-2

v
p(sec) _
0.7V 205V
R

: 1.0kQ
(f) PIV=212V+205V =417V

(e) Ir= =20.5mA

17. Vavg = @ = 60V for each half

_ _P
VAVG -
T

Vp=7Z'VAVG= 7Z(60V)=186V

18. See Figure 2-3.

Figure 2-3
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”VAVG(om) _ (50 V)
2

19. PIV=V,= =785V

20.  PIV = Vo = 1.41420 V) = 28.3 V

21. See Figure 2-4.

-325V-—--

Figure 2-4
Section 2-6 Power Supply Filters and Regulators

22, V=05V

1%
r= Lrom 05V =0.00667
V. 75V

DC

\74
23, V= 22— 0V - 8.
fR,C (120 Hz)(600 Q)(50 1F)

33V pp

Ve = | 1-—— Vo =[1- ! 30V =258V
21R,C (240 Hz)(600 Q)(50 uF)

1%
24, Qr= |- 100=(8'33V 100 =32.3%
258V

DC

25. V= (0.01)(18 V)= 180 mV

1
V"(P[’) = [ va(in)

IR,C
1 1
C=|—— Vo = 18V =556 4F
1RV, (120 Hz)(1.5kQ)(180 mV)
_ Vp(in) _ 80V

26.

Viiom = = =6.67V
fR,C (120 Hz)(10kQ)(10 uF)

Ve = | 1-—— Vo =|1- ! 80V =767V
2fR,C (240 Hz)(10kQ)(10 4F)

14
r= L JOOTV ) 4g7
Voe 767V
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27, Ve = (141436 V) =509 V

Vr(rect) = Vp(ﬂm) - 14 V = 509 V - 14 V = 495 V

NegleCting Rsurgea Vr(pp) = ; \% (rect) = ! 495V =125V
RC) " (120 Hz)(3.3 kQ)(100 uF)

1 Vr(pp)
Voe=[1=—— |V, ey =V =495V -0.625V =489V
2/R,C 2

p(rect) -

28. Viseey = 1.414(36 V) =509 V
See Figure 2-5.

TN

NV
o SN N N

0——
-07V

Figure 2-5

29.  Load regulation = (MJIOO% = 100% = 4%

FL

(15.5 V-14.9 Vj

30. Ve = VL — (0.005)Vy, = 12 V = (0.005)12 V =11.94 V

Section 2-7 Diode Limiters and Clampers

31. See Figure 2-6.

Figure 2-6
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32.

Apply Kirchhoff’s law at the peak of the positive half cycle:

b)) 25V=Vri+ Vre+0.7V
2V =243V

Vr= g =12.15V

Vour=Vr+07V=1215V+0.7V=1285V
See Figure 2-7(a).

(c) k= % =565V

Vor=Vr+07V=565V+07V=635V
See Figure 2-7(b).

d) V= “TV =215V

Vour=Vr+07V=215V+0.7V=285V

See Figure 2-7(c).
1285 Vo = g = = = = = = =
/\ /\ 6.35 vli
0 0

-12V

-25V
(@ (b)

A
V

-5V

(©)

Figure 2-7
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33. See Figure 2-8.

-93V---
@

-123V---
(©

—63V-—--
()

Figure 2-8

34. See Figure 2-9.

:
|

:
|

:
|

0.7V
0 —\ — —
45V—}§~//
(@)

0
—WSV—J

(©
Figure 2-9

3s. See Figure 2-10.
07V

NAWA
J [

0 —
-07V
(a)

Figure 2-10

36. (a) 1/}=—30 ;’2_1?97 v

(b) Same as (a).

=13.3 mA

93V—---

(b)

63V—-—--

()

123V---

®

3zy—w r——w r_

VAV,

(b)

07V
7 | W .-
-07V

(b)
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37.

38.

39.

40.

_30V-(12V+0.7V)

(a I = =7.86 mA
? 2.2kQ

by I = 30V-(12V-07V) oo\
' 2.2kQ

© I = 30V-(-113V) _ eg
' 2.2kQ

d 1,= OV=C127V) _ 19 4mA
' 2.2kQ

See Figure 2-11.
127V _

B0V —— =

(@) (b)

0V--->
0
113V

-0V 127v— —
(c) (d)

Figure 2-11

(a) A sine wave with a positive peak at 0.7 V, a negative peak at —7.3 V, and a dc value of
-3.3 V.

(b) A sine wave with a positive peak at 29.3 V, a negative peak at —0.7 V, and a dc value of
+14.3 V.

(c) A square wave varying from +0.7 V to —15.3 V with a dc value of =7.3 V.

(d) A square wave varying from +1.3 V to —0.7 V with a dc value of +0.3 V.

(a) A sine wave varying from —0.7 V to +7.3 V with a dc value of +3.3 V.

(b) A sine wave varying from —29.3 V to +7.3 V with a dc value of +14.3 V.
(c) A square wave varying from —0.7 V to +15.3 V with a dc value of +7.3 V.
(d) A square wave varying from —1.3 V to +0.7 V with a dc value of —0.3 V.

Section 2-8 Voltage Multipliers

41.

VOUT = 2Vp(in) = 2(1414)(20 V) = 56.6 V
See Figure 2-12.

‘ ‘ Vatin)

Figure 2-12
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42. VOUT(trip) = 3Vp(in) = 3(1414)(20 V) = 84.8 V
VOUT(quad) = 4Vp(in) = 4(1414)(20 V) = 113 V
See Figure 2-13.

PIV =56.6 V

(a) Tripler
|4 [ o
I A\
‘ ‘ Viny PIV =56.6 V
q
(o GLRCE TR Vour=113V -eeeeemenaiennns
(b) Quadrupler
Figure 2-13

Section 2-9 The Diode Datasheet

43. The PIV is specified as the peak repetitive reverse voltage = 100 V.
44. The PIV is specified as the peak repetitive reverse voltage = 1000 V.

45. IF(AVG)= IOA
50V

Rimin = —— =50 Q
0 A

Section 2-10 Troubleshooting

46. (a) Since Vp =25V =0.5Vj, the diode is open.
(b) The diode is forward-biased but since Vp = 15 V = Vg, the diode is open.
(c) The diode is reverse-biased but since Vg =2.5 V = 0.5Vs, the diode is shorted.
(d) The diode is reverse-biased and Vx =0 V. The diode is operating properly.

47. VA=V51=+25V
Ve=Vs—-07V=25V-07V=4243V
Ve=Vs;+07V=8V+07V=+48.7V
Vp = V52:+8.0V

48. If a bridge rectifier diode opens, the output becomes a half-wave voltage resulting in an
increased ripple at 60 Hz.

10
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49.

50.

51.

2V, _ 2(115V)(1.414)
T T

Vi = =104V

The output of the bridge is correct. However, the 0 V output from the filter indicates that the
surge resistor is open or that the capacitor is shorted.

(a) Correct
(b) Incorrect. Open diode.
(c¢) Correct
(d) Incorrect. Open diode.

Viee = @ =24V rms

Ve =1.414(24 V) =339V
The peak voltage for each half of the secondary is

Vo _339V

2 2
The peak inverse voltage for each diode is PIV =2(17 V) + 0.7V =347V
The peak current through each diode is

=17V

Voo _7y
2

- _17.0V-0.7V
’ R, 330 Q

The diode ratings exceed the actual PIV and peak current.
The circuit should not fail.

=494 mA

Application Activity Problems

52. (a) Not plugged into ac outlet or no ac available at outlet. Check plug and/or breaker.
(b) Open transformer winding or open fuse. Check transformer and/or fuse.
(c) Incorrect transformer installed. Replace.
(d) Leaky filter capacitor. Replace.
(e) Rectifier faulty. Replace.
(f) Rectifier faulty. Replace.
53. The rectifier must be connected backwards.
54. —16 V with 60 Hz ripple
Advanced Problems
1
55. V.= (ﬁ}vp(m)
L

C

1 1
v = 35V =177 uF
( fRLV,J pam [(120 Hz)(3.3kQ)(0.5 V)J

11
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1
56. VDC = (1 - WJVP(M)

Vise _(1_ 1 j
Vp(in) szLC
| - Ve

ZfRLC Vp(in)
1

Zﬂe{l— o J
Vp(in)
1 1

C = = -
(240Hz)(1.0kQ)(1-0.933) (240Hz)(1.0k)(0.067)
Then

=C

62.2 uF

V,= (Ljvpm =( ! ]15V=2V
fR,C (120 Hz)(1.0 kQ)(62.2 uF)

57. The capacitor input voltage is
Voin=(1.414)(24 V) - 14V =325V
v 325V

RSLH"gE = p(ln) =
I 50 A

surge

The nearest standard value is 680 mQ.

=651 mQ

58. See Figure 2-14.
The voltage at point A with respect to ground is
Va=141409V)=127V
Therefore,
Vp=127V-07V=12V
V,=0.05V5=0.05(12 V) = 0.6 V peak to peak

c=[ ! ij{ ! J12V=245uF
1RV, (120 Hz)(680 Q)(0.6 V)

The nearest standard value is 270 uF.
Let Ryyee = 1.0 Q.

12V
Isur e(max) = T — 12 A
T 00
12V
1 =— =17.6 mA
T 6800
PIV =2V, + 0.7V =247V A IN4001
e
270 uF < 680 Q
IN4001 l L
Figure 2-14

12
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59.

60.

61.

See Figure 2-15.
IL(mwc) =100 mA

= oV =90 Q
100 mA

V,=1.414(025V)=0.354 V
V,=2(0.35V)=0.71 V peak to peak

L

v( 1 Jw
(120 Hz)(90 Q)C
oo 9V

" (120 Hz)(90 Q)(0.71V)

Use C = 1200 uF.

Each half of the supply uses identical components. 1N4001 diodes are feasible since the
average current is (0.318)(100 mA) = 31.8 mA.

Rurge = 1.0 € will limit the surge current to an acceptable value.

= 1174 4F

e o]

LoV
L ] 9V
90 Q
L o] |
- I 1200 pF -
All IN4001 =
Figure 2-15
. an‘
See Figure 2-16. .0
Vs
D,
Figure 2-16

Ve = (1.414)(120 V) - 0.7 V=170 V
Veo = 2(1.414)(120 V) — 2(0.7 V) =338 V

13
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MultiSim Troubleshooting Problems

The solutions showing instrument connections for Problems 62 through 79 are available from the
Instructor Resource Center. The faults in the circuit files may be accessed using the password book
(all lowercase).

To access supplementary materials online, instructors need to request an instructor access
code. Go to www.pearsonhighered.com/irc to register for an instructor access code. Within 48 hours
of registering, you will receive a confirming e-mail including an instructor access code. Once you
have received your code, locate your text in the online catalog and click on the Instructor Resources
button on the left side of the catalog product page. Select a supplement, and a login page will appear.
Once you have logged in, you can access instructor material for all Prentice Hall textbooks. If you
have any difficulties accessing the site or downloading a supplement, please contact Customer
Service at http://247 .prenhall.com.

62. Diode shorted

63. Diode open

64. Diode open

65. Diode shorted

66. No fault

67. Diode shorted

68. Diode leaky

69. Diode open

70. Diode shorted

71. Diode shorted

72. Diode leaky

73. Diode open

74. Bottom diode open
75. Reduced transformer turns ratio
76. Open filter capacitor
77. Diode leaky

78. D, open

79. Load resistor open

14
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Special-Purpose Diodes

Section 3-1 The Zener Diode

1. See Figure 3-1.
75V 5Q
—1|[*
© | || AMA ©
V Zz
Figure 3-1
2. IZK = 3mA
VZ =-9V
3 7, = AV, _565V-56V _0.05V _50
Al, 30mA-20mA 10mA
4. Al; =50 mA - 25 mA =25 mA

AV, = ALZ, = (+25 mA)(15 Q) = +0.375 V
VZ = VZ + AVZ =47V +0375V=5.08V

S. AT =70°C - 25°C =45°C
(6.8 V)(0.0004/°C)
45°C

V=68V + =68C+0.12V=692V

Section 3-2 Zener Diode Applications
6. VlN(min) = VZ + IZKR = 14 V + (15 mA)(560 Q) = 14.8 V

7. AVz =z - 1Ix)Z;=(28.5mA)(20 Q) =0.57V
VOUT = VZ - AVZ = 14 V - 057 V = 1343 V
VlN(min) = IZKR + VOUT = (15 mA)(56O Q) + 1343 V = 14.3 V

8. AV, =1,Z, = (40 mA — 30 mA)(30 Q) = 0.3 V
V,=12V+AV,=12V+03V=123V

V=V, _18V-123V _ 0o

40 mA 40 mA

15
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10.

11.

12.

13.

14.

15.

V=212V +03V=123V

See Figure 3-2.

Vamin = Vo — Al;Z; = 5.1V = (49 mA — 1 mA)(7 Q)
=51V-(48mA)N7Q)=51V-0336V=476V
Vi=8V-476V=324V

Vp _ 324V
R 22Q

T=

=147 mA

IL(max) =147 mA — 1 mA = 146 mA
Vi = 5.1 V + (70 mA — 49 mA)(7 Q) = 5.1 V + 147 mV = 5.25 V
Vk=8V-525V=275V

275V
IT =
22 Q

=125m

A

It (miny = 125 mA — 70 mA = 55 mA

Voo = Vo
% Load regulation = —2%) 200 o 100% =

VZ(min)

With no load and Vix =6 V:

_ ViV — 6V-

5.1V

7 =

R+Z, 29Q

Vour=Vz—Al;Z;=51V -(49mA -31 mA)(7Q)=5.1V-0.126 V=497V
With no load and Vi =12 V:

_ V=V, 12V

=51V

R+Z, 29Q
Vour=Vz+ALZ; =51V + (238 mA —49 mA)(7 Q) =51V +132V =642V

% Line regulation = AVour x 100% =

% Load regulation =

% Line regulation = AVour x 100% =

% Load regulation =

IN

Voo =V

FL

IN

VNL — VFL

FL

+123V

AR

| W—
-0.7V

Figure 3-2

525V -4776 V

x 100% =10.3%

476 V

=31 mA

=238 mA

642V —-497V % 100% = 24.2%
12V -6V
% 100% = 823V-798V x 100% = 3.13%
798V
02V 100% = 4%
10V-5V
x 100% = M x 100% = 5.88 %

16
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Section 3-3 The Varactor Diode

16.

17.

18.

19.

At5V,C=20pF
At20V,C=10pF
AC =20 pF - 10 pF = 10 pF (decrease)

From the graph, Vk =3 V @ 25 pF

3 1
= /LC,

T 42’Lf? T 4722mH)(IMHz)?
Since they are in series, each varactor must have a capacitance of 2Cr = 25.4 pF

12.7 pF

Each varactor has a capacitance of 25.4 pF. Therefore, from the graph, Vx must be slightly
less than 3 V.

Section 3-4 Optical Diodes

20.

21.

Ir= 24V =353 mA
680

From the graph, the radiant power is approximately 80 mW.

See Figure 3-3.

R= 5V-21V
30 mA

The nearest standard 1% value is 97.6 Q or the nearest standard 5% value is 91 Q.

=97Q

+5V

—o—te—{ > &

Figure 3-3

17



Chapter 3

22,

23.

24.

Ve = 2.2V for I =20 mA
Maximum LEDs/branch = 9—V =4

22V
Select 3 LEDs/branch:

Number of branches = % =16

9V-322V)
R =—==120Q
LIMIT 20 mA

Use sixteen 120 Q resistors.

Ve = 2.5V for Ir =30 mA

Maximum LEDs/branch = 24—V =96
25V

Select 5 LEDs/branch:

Number of branches = % =20

24V -52.5V)
R =—— > =383Q
LIMIT 30 InA
See Figure 3-4.
+2fv
R Ry
383 Q 383 Q
D, iﬁ« Dy i\\}
Di Q\‘ Dl()[) Q\‘
Figure 3-4
10V
I = = 0 A
RT 200k M

18
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25.

26.

(a)R:ﬁz 3V =30 kQ
I 100 uA
(b)R=£= 3V =8.57 kQ
I 350 uA
© R=5-3Y  _s588kQ
I SI10uA

The microammeter reading will increase.

Section 3-5 Other Types of Diodes

27.

28.

29.

R= A_V= 125 mV -200 mV _ -75mV _ 7500
Al 025mA-0.15mA 0.10mA

Tunnel diodes are used in oscillators.

The reflective ends cause the light to bounce back and forth, thus increasing the intensity of
the light. The partially reflective end allows a portion of the reflected light to be emitted.

Section 3-6 Troubleshooting

30.

31.

(a) All voltages are correct.

(b) Vi should be 12 V. Zener is open.
(c) V,should be 120 V. Fuse is open.
(d) Capacitor C; is open.

(e) Ris open or Ds is shorted.

(a) With Ds open, Vour=30V.

(b) With R open, Vour=0V.

(c) With C leaky, Vour has excessive 120 Hz ripple limited to 12 V.
(d) With C open, Voyr is full wave rectified voltage limited to 12 V.
(e) With D5 open, Vour has 60 Hz ripple limited to 12 V.

(f) With D, open, Vour has 60 Hz ripple limited to 12 V.

(g) With T open, Vour=0V.

(h) With F open, Vour=0V.

Application Activity Problems

32.
33.
34.

35.

(a) Faulty regulator
Incorrect transformer secondary voltage
LED open, limiting resistor open, faulty regulator, faulty bridge rectifier

=22V _ 12 ma: Vie=16 V-12V =4V
1kQ

Pie = (4 V)(12 mA) =48 mW

19
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Datasheet Problems

36.

37.

38.

39.

From the datasheet of textbook Figure 3-7:

(a) @ 25°C: Ppmax = 1.0 W for a IN4738A

(b) For a IN4751A:
@ 70°C; Ppmay = 1.0 W = (6.67 mW/°C)(20°C) = 1.0 W — 133 mW = 867 mW
@ 100°C; Ppmax) = 1.0 W = (6.67 mW/°C)(50°C) = 1.0 W — 333 mW = 667 mW

(¢) I;x = 0.5 mA for a IN4738A

(d) @ 25°C: Iyy=1W/27V =37.0 mA for a IN4750A

(e) AZ;=700Q —7.0Q =693 Q for a IN4740A

From the datasheet of textbook Figure 3-24:
(a) IF(max) =200 mA
(b) Chux=11pF

C, 100 pF

c) Cyp= —== = 15.4 pF; range is 100 pF — 15.4 pF for an 836A.
(©) Cy CR 6.5 p g p p

From the datasheet of textbook 3-34:
(a) 9V cannot be applied in reverse across a TSMF1000 because Vg =35 V.
(b) When 5.1 V is used to forward-bias the TSMF1000 for /r =20 mA, Vg= 1.3V
_ 51V —1.3V= 38V ~ 1900
20 mA 20 mA

(c) At 25°C maximum power dissipation is 190 mW.

If Ve= 1.5V and Iz = 50 mA, Pp =75 mW. The power rating is not exceeded.
(d) For Iz =40 mA, radiant intensity is approximately 0.9 mW/sr.
(e) For Ir =100 mA and 8= 20°, radiant intensity is 40% of maximum or (0.4)(25 mW/sr)

=10 mW/sr

From the datasheet of textbook Figure 3-47:

(a) With no incident light and a 10 k€ series resistor, the typical voltage across the resistor is
approximately Vg = (1 nA)(1 kQ) =1 uV.

(b) Reverse current is greatest at about 940 nm.

(c) Sensitivity is maximum for A = 830 nm.

20
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Advanced Problems

40.

41.

42,

43.

See Figure 3-5.

AC
input
120V

Vouti

D,
IN4736A
68V

v()UT2

D,
IN4749A
24V

Figure 3-5
VOUT(I) =6.8 V, VOUT(Q) =24V

For a 10 kQ load on each output:

Voun = 68V =0.68 mA
R 10 kQ

1

Voura _ 24V
R, 10kQ

2

VRi=2120V-68V=1132V

132V _ 0.68 mA =112.5 mA
1 kQ

VRe =120V -24V =96V

I, = %—V - 2.4 mA =93.6 mA

1 kQ
It=0.68 mA + 2.4 mA + 112.5 mA + 93.6 mA = 209.2 mA
The fuse rating should be 250 mA or 1/4 A.

IOUT(I) =

=24 mA

I, OUT(?2) =

Iz, =

See Figure 3-6. o
Use a 1IN4738A zener. v 240 O -

It =35 mA + 31 mA = 66 mA
R= 24V -82 V IN4738A R,

=239 Q
66 mA

Figure 3-6
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8, Cp=m——p =] = 103.4 pF
47Lf2 472 mH)(350 kHz)
min = ! ! =17.5 pF

AZLF: 47°(2 mH)(850 kHz)?
To achieve this capacitance range, use an 826A varactor and change V, to 30 V.

45. See Figure 3-7. From datasheet, Ve =2.1 V for red LED.

_ Vo _12V-21V

= =495 Q
1 20 mA

Use standard value of 510 Q.

+12V

Py Py

510Q 510Q 510Q 510Q 510Q 510Q 510Q

N\
\\\
-
\\\
\{\
\\
N
‘\\
oa

Figure 3-7

46. See Figure 3-8.

° °

//a//;b//C//d(/e//f(/g
510Q %SIOQ 510Q 510Q 510Q 510Q 510Q

Figure 3-8
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Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 47 through 50 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

47. Zener diode open
48. Capacitor open
49. Zener diode shorted

50. Resistor open
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Chapter 4
Bipolar Junction Transistors

Section 4-1 Bipolar Junction Transistor (BJT) Structure

1.

2.

Majority carriers in the base region of an npn transistor are holes.

Because of the narrow base region, the minority carriers invading the base region find a
limited number of partners for recombination and, therefore, move across the junction into
the collector region rather than out of the base lead.

Section 4-2 Basic BJT Operation

3.

6.

The base is narrow and lightly doped so that a small recombination (base) current is
generated compared to the collector current.

Iy =0.02/5 = 0.02(30 mA) = 0.6 mA
IC=IE—IB=3OmA—O.6mA=29.4mA

The base must be negative with respect to the collector and positive with respect to the
emitter.

Ic=Ig— Iz =534 mA - 475 uA = 4.87 mA

Section 4-3 BJT Characteristics and Parameters

10.

11.

I 8.23mA

4 = —C = = 0.947
P L T 8.69mA
oo e _25mA )
I, 200 uA

Ig=1Ig—Ic =20.5 mA - 20.3 mA = 0.2 mA =200 uA
Boc = I _203mA _ 015
I, 200 uA

Ige=Ic+1Ig =535 mA + 50 A = 5.40 mA

e = Lo Z3BMA g9

I,  540mA

Ic = 0pcle = 0.96(9.35 mA) = 8.98 mA
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12.

13.

14.

15.

16.

17.

o= e o OV _5ma
R. 1.0kQ
e Lo SmA 00
Iy 50 uA
Opc = ’BDC —@=0 9
Boc+1 101
fpe Yo =Vae (3V=0TV o3 0

R, 100 kQ

Ic = Bocls = 20023 uA) = 4.6 mA

I=1Ic + Iz =4.6 mA + 23 yA = 4.62 mA

Veg = Vee — IcRe = 10 V — (4.6 mA)(1.0 kQ) = 5.4 V

I = does not change.

For Vcc =10 V:

Vee=Vec =IcRc=10V - (4.6 mA)(1.0kQ) =54V
For Vcc =15 V:

Vee=15V - (4.6 mA)(1.0kQ)=10.7V
AVceeg=107V -54V =53V increase

Vs —Vas _ 4V-07V 33V

Iy = = =702 uA
? Ry 47kQ  47kQ “
foo Voo ~Ver _24V-8V
Re 470 Q
Ig=1Ic+ Iz =34 mA + 702 uA = 34.7 mA
oo =tc 2 HMA _4eq
Iy 702 uA
(a) VBE=0.7V
fp=Yon Vee _ 43V g0
R, 3.9kQ
Ic = Bocls = 50(1.1 mA) = 55 mA
VCE = VCC - IcRC =15V - (55 mA)(180 Q) =510V
VCB=VCE_VBE=5.10V_O.7V=4.40V
(b) VBE=—0.7V
poo Von—Vie _=3V-(-07V) _-23V
R, 27 kQ 27kQ

Ic = Bocls = 125(-85.2 uA) = —10.7 mA

VCE = VCC - IcRC =—8V-— (—107 mA)(39O Q) =-383V

VCB = VCE - VBE = —383 V- (—07 V) = —3.13 V

25

=-852 uA



18.

19.

20.

21.

Chapter 4

(a) IC(sat) = VC_C = ﬂ =83.3 mA
R. 180Q

Veg =Vgg _ SV-07V _
Ry 3.9kQ

Ic = foclg = 50(1.1 mA) =55 mA

Ie < Icgsay

Therefore, the transistor is not saturated.

Iy = 1.1 mA

=~

ZCC _ ﬂ =20.5 mA

R. 390Q

Veg = Ve _ 3V-0.7V
Ry 27 kQ

Ic = Poclg = 125(85.2 uA) = 10.7 mA

IC < IC(sat)

Therefore, the transistor is not saturated.

(b) IC(sat) =

Iy = =85.2 LA

VB=2V
VE=VB_VBE=2V_O.7V=1.3V

= Ve _ 13V gamA

R, 1.0kQ
Ic = apcls = (0.98)(1.3 mA) = 1.27 mA

foe e _ 098 _
l-ap. 1-0.98
IB=IE—IC=1.3IIIA—1.27IIIA=30#A

(a) VB=VBB=10V
VC=VCC =20V
VE=VB—VBE=10V—O.7V=9.3V
VCE=VC_VE =2OV—93V=10.7V
VBE=0.7V
VCB=VC—VB=20V—IOV=10V

(b) VB=VBB=—4V
VC=VCC =—12V
VE=VB_VBE=_4V_(_O.7 V)=—3.3V
Veg=Vc—Ve =-12V-(-33)V=-87V
VBE=—0.7V
Vep=Vec—=Vg=-12V—-(-4V) =-8V

For fpc = 100:
foo VoVar _10V-0TV g0
R, 10kQ

1+ By 101
Ic = apcls = (0.990)(930 uA) = 921 LA

—&—@ =0.990

Obc
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22,

23.

Section 4-4 The BJT as an Amplifier

24,

25.

26.

27.

28.

For fpc = 150:

Iz =930 A

Opc = A = @ =0.993
1+ By 151

Ic = opcly = (0.993)(930 1A) = 924 uA
Alc =924 yA — 0.921 uA =3 uA

PD(max) = VCEIC
By max 1.2W
VeEBmax) = D) =24V
I- 50 mA

Pomay = 0.5 W = (75°C)(1 mW/°C) = 0.5 W — 75 mW = 425 mW

Vou =A,Vin =50(100mV) =5V

vz Yow o 1OV 553
v,  300mv

A= Be 2002 46
T 10 Q

e

Ve=Vou =4,V =56(50 mV) =28V

Vi ~Vee  25V-07V _
R, 100 kQ

I = foc I = 250(18 4A) = 4.5 mA

Re=Yee Ve OV-4V _y4kq

I 4.5 mA

Iy = 18 LA

C

(a) DC current gain = fpc = 50
(b) DC current gain = fpc = 125
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Section 4-5 The BJT as a Switch

Ve 5V

29, = <=2V _500 yA
0T R, T 10kQ #
I
Iy = ~Co0 Z S00HA 333 0
Boe 150
I _ ‘/IN(min) - 0.7 V
B(min) — R—
B

Rglg(min) = ViNmin) — 0.7 V
Vinmin) = Relamin + 0.7 V = (3.33 uA)(1.0 MQ) + 0.7 V =4.03 V

30, I = 42 = 125mA

1.2kQ

I .
IB(min) — C(sat) _ 12 SIIIA _ 250 /,[A

Boc

~07V 43V
R (min) = Vin =07V _ 43V 475 k@
Ty 250 uA

VlN(cutoff) = 0 V

Section 4-6 The Phototransistor
3. Ic=focl, = (200)(100 4A) = 20 mA

32. I;=(50 Im/m*)(1 uA/lm/m?) = 50 uA
Is = Bocl; = (100)(50 uA) = 5 mA

33. L = (0.30)(100 mA) = 30 mA

3. lor _gg
IIN
Ioyy 10mA

— =16.7 mA
0.6

IIN =

Section 4-7 Transistor Categories and Packaging

R C
E ¢ (C O@

Figure 4-1

35. See Figure 4-1.

36. (a) Small-signal
(b) Power
(c) Power
(d) Small-signal
(e) RF
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Section 4-8 Troubleshooting

37. With the positive probe on the emitter and the negative probe on the base, the ohmmeter
indicates an open, since this reverse-biases the base-emitter junction. With the positive probe
on the base and the negative probe on the emitter, the ohmmeter indicates a very low
resistance, since this forward-biases the base-collector junction.

38. (a) Transistor’s collector junction or terminal is open.
(b) Collector resistor is open.
(c) Operating properly.
(d) Transistor’s base junction or terminal open (no base or collector current).

5V-0.7V

39. a) [p= ——— =632 uA
(a) Is 68 KO y2!
Le=2Y=32V 76 mA
3.3kQ
Boc = I_C= 1.76 mA _278
I, 632uA
45V-07V
b) [y= ——F— =141 uA
(b) Iy 7 KO y2!
C=M:15.SmA
470 Q
ﬂDc= I_C:15.3mA ~ 109
Iy 141 uA

Application Activity Problems

40. O, OFF, 0, ON
IR2=0,PR2=0mW
IR1:O,PR2:0mW

12V-07V _ 304 A
1.2kQ+36 kQ

Prs = (304 uA)* (1.2 kQ) = 110 4W

Prs = (304 uA)’(36 kQ) = 3.3 mW

Lo = 12V-0176V _ o

620 Q
Pgs = (19 mA)*(620 Q) = 224 mW

Ips =1Ips =
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0, ON, Q, OFF
12V-07V
Ip=—" """ =151 uA
e 75 kQ H
Pro = (151 uAY* (75 kQ) = 1.7 mW
(0.7 V)?
= :0.49 W
M7 1oMQ #
IR4 = M =99 mA
1.2 kQ

Pre = (9.9 mA)X(1.2kQ) = 118 mW
IR3 = O,PR3=0mW
IR5:O,PR5:0mW

41. IC(max) =200 mA

V. 12V
Rimin) = ; €=

C(max)

=60Q
200 mA

42. See Figure 4-2.

Zone 1 sensors

Zone 2 sensors

Zone 3 sensors

SN

Zone 4 sensors

Figure 4-2

Datasheet Problems

43. From the datasheet of textbook Figure 4-20:
(a) For a 2N3904, VCEO(max) =40V
(b) For a 2N3904, Ic(max) = 200 mA
(c) For a2N3904 @ 25°C, Pp(max) = 625 mW
(d) For a2N3904 @ T =50°C, Ppmax = 625 mW —5 mW/°C(25°C)
=625 mW - 125 mW = 500 mW
(e) For a 2N3904 with Ic = 1 mA, hpgmin) = 70
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4.

45.

46.

47.

48.

For an MMBT3904 with 7T, = 65°C:
Pp(maxy = 350 mW — (65°C — 25°C)(2.8 mW/°C)
=350 mW —40°C(2.8 mW/°C) = 350 mW — 112 mW = 238 mW

For a PZT3904 with T = 45°C:
Ppimaxy =1 W = (45°C = 25°C)(8 mW/°C)
=1W-20°C(8 mW/°C)=1W - 160 mW = 840 mW

For the circuits of textbook Figure 4-66:
@) Iy = 3v-07V _ 23V = 6.97 mA
330Q 330Q
Let hFE =30

Ic =30(6.97 mA) = 209 mA

V.-V -
Iy = = R = = 30 \2/70(;22 v =110 mA
C

The transistor is saturated since Ic cannot exceed 110 mA.
Pp=(0.2V)(110 mA) =22 mW

At 50°C, Ppimax) = 350 mW — (50°C - 25°C)(2.8 mW/°C) = 280 mW
No parameter is exceeded.

(b) Vcgo =45 V which exceeds Vgromay-

For the circuits of textbook Figure 4-67:
5V-0.7V 43V

a) Iy = = =4.30 uA
@ b= 10k #

hFE(max) =300

I = 300(4.30 A) = 129 mA

AV

Iy = ——— =9 mA

T T 0kQ

The transistor is saturated.

3V-0.7V 23V

b) Iy = = =23 uA
®) = —0ka  100ka #

hFE(max) =300

Ic =300(23 pA) = 6.90 mA

12V
Iew = ——— =21.4mA
075600

The transistor is not saturated.

I. 10mA

IB(mjn) = = = 66.7 ﬂA
FE(max) 150

IB(max) = IC = 10mA =200 ﬂA
FE(min)
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49. For the circuits of textbook Figure 4-69:
8V-07V 73V

@ h="gka ek M
heg = 150
Ic =150(107 uA) = 16.1 mA
Ve=15V - (16.1 mA)(680 Q) =15V -1095V =405V
Vee=4.05V-07V=335V
Pp=(3.35V)(16.1 mA) = 53.9 mW
At 40°C, Ppmay = 360 mW — (40°C — 25°C)(2.06 mW/°C) = 329 mW
No parameters are exceeded.

_5V-07V _ 43V

b) Iy = - =915 uA
O == e ~a7x0 #
hFE = 300
Ic = 300915 pA) = 274 mA
Clsat) = 3BV-03V 238 maA
470Q

The transistor is in hard saturation. Assuming Ve = 0.3 V,
Pp=(0.3V)(73.8 mA) =22.1 mW
No parameters are exceeded.

Advanced Problems

50. ﬁDC = &DC
1 - o
Loc = PocObc = Oic
Loc = (1 + Boc)

51. Ic = 150(500 A) =75 mA
Vee=15V-(180Q)(75mA)=15V
Since Veggay = 0.3 V @ I = 50 mA, the transistor comes out of saturation.

52. From the datasheet, Spcmin = 15 (for Ic = 100 mA) +9
IB(maX) = 150 mA = 10 mA
RL
Rusemin) = 3V-0.7V _ 2.3V ~5300 .
10mA 10mA 3V ) 2N3904
Use the standard value of 240 Q for Rg. * 240 Q )
To avoid saturation, the load resistance cannot exceed about
M =533Q
150 mA
See Figure 4-3. -
Figure 4-3
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53.

54.

Since Iz = 10 mA for Ic = 150 mA,
9V-0.7V _ 8.3V ~ 2300

10 mA 10 mA
Use 910 Q. The load cannot exceed 53.3 Q.
See Figure 4-4.

RB(min) =

RC(min) = AVI‘; = 50(8 Q) =400 Q (USC 430 Q)

IC = M = 163 mA
430 Q

Assuming hgg = 100,
16.3mA

Iy = =163 uA

®7 100 “

RB(max) = M =20.3 kQ (USC 18 kQ)
163 jA

See Figure 4-5.

Multisim Troubleshooting Problems

+9V

o
RC

(‘ 2N3904
910 Q

Figure 4-4

+4 'V +12V

—]

2N3904

Figure 4-5

The solutions showing instrument connections for Problems 55 through 62 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

5S.

56.

57.

58.

59.

60.

61.

62.

Rz shorted

Rc open
Collector-emitter shorted
Collector-emitter open
Rg leaky
Collector-emitter shorted
Rg open

Rc open
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Transistor Bias Circuits

Section 5-1 The DC Operating Point

1.

2.

The transistor is biased too close to saturation.

Ic = Poclg = 75(150 uA) = 11.3 mA
Vee=Vee —IcRc=18V - (11.3mA)(1.0kQ)=18V-11.3V =675V
Q-point: Vegg=6.75V, Ico =11.3 mA

= =18 mA
1.0k

I Vc_c 18V
C(sat)
RC

VCE(culofD =18V

Horizontal intercept (cutoff):

VCE = VCC = 20 V

Vertical intercept (saturation):
Vee 20V

I = ~C == 2mA
TR, 10KQ

Vip —0.7V
RB
Vae = IgRg + 0.7 V = (20 £A)(1.0 MQ) + 0.7 V =20.7 V
Ic = focls = 50(20 A) = 1 mA
Veg = Vee — IcRe =20V — (1 mA)(10 kQ) = 10 V

IB=

See Figure 5-1.

VCE = Vcc - ICRC /\’;\c/\/
RC=VCC_VCE:10V_4V =12kQ 1.2kQ
I S5mA R,

Ip= e 23MA (05 mA AN

Boc 100 . A

_ =10V 10V =
Ry= 0V=07V _1e6k0 & E
0.05 mA
Ppmin) = Veelc = (4 V)(5S mA) = 20 mW = =
Figure 5-1
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Vig Ve 1.5V-07V

8.  Ih= =80 uA
? Ry 10kQ “
IC(sat) = VCC = —8 v =20.5 mA
R.  390Q

Ic = Boclg = 75(80 ©A) = 6 mA
The transistor is biased in the linear region because
0< IC < IC(sat)-

9. (a) IC(sal) =50 mA
(b) VCE(Cutoff) = 10 V
(©) Iy =250 uA
Ic =25mA
VCE = 5 V

10. (a) Ic = 42mA
(b) Interpolating between Iy = 400 A and Iy = 500 ©A

Iy = 450 pA
() Vg =15V
See Figure 5-2.
I (mA)
60- 600 uA
42 mA - ~io1 400 pA

Q-point

S — N T
0 113 34356738510 oW
15V

Figure 5-2

Section 5-2 Voltage-Divider Bias

R .
11. vTHz( 2 ]VCC=(47KQ)15V=2.64V

R +R, 26.7 kQ
RR, (22kQ)(4.7kQ)
TR +R, 267kQ
;o Ve Ve _ 264V-07V
® Ry + Ry /By 680 Q+3.87kQ/ 150
Vg = IgRg + Vg = (2.75 mA)(680 Q) + 0.7 V=2.57V
_IgRngasy  (I;)(10R,) (275 mA)47 kQ)
pemm =y Ty, 257V

=3.87 kQ

TH

=2.75 mA

=50.3
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Ve _ 15V
R.+R, 2.18kQ

Vi = IR = (6.88 MA)(680 Q) = 4.68 V
Vg = VE(sat) +07V=468V+0.7V=538V

=6.88 mA

12. IC(sat) =

R, ” Riypask)
Vee =Vs
R +R, " Riysask)
BocVs  (150)(5.38 V)
R = = =117 kQ
INBASE) 6.88 mA

(RZ ||R1N(BASE) )VCC = VB (Rl + RZ " RIN(BASE))
(R, ”RIN(BASE) Wee — (R, ||R1N(BASE) Wy =RV,
(R, ”RIN(BASE) YVee = Vi) =R V3

RV,
(R, | Rixgasy)) = ————=12.3kQ
VCC ~— VB
1 1 1
— 4+ =
R, Rypasp 123kQ
1 1 1
—= - =72.3 uS
R, 123kQ 117kQ
R, = L 13.7 kQ
72.3 uS
13. Vg = ! Ve = (&jlsv =125V
R +R, 24 kQ
Ve=125V-07V=055V
he Ve _055V _ 809 A
R, 680Q
Ic =809 LA

Veg=Vee = IcRc — V=15V = (809 uA)(1.5 k2 + 680 Q) =13.2V

R
14. VTH:( 2 ]vccz(%)9vzz.1gv

R +R, 62 kQ
= RR, _(47TkQUSkQ) _ 1\ 416
R +R, 62 kQ
Viu =V, . -0.
= —" BE 2I8V=07V ) 3ymA

Ry +Ry /Py 1kQ+114KkQ/110
Ic=Ig =134 mA
Ve=Vee—IcRe=9V — (1.34 mA)(2.2 kQ) = 6.05 V
Vi = IRe = (134 mA)(1.0kQ) = 1.34 V
Ve=Ve+ Vege=134V+0.7V=2.04V
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+H9V
15. See Figure 5-3.

§15k9 1 kQ

§47 kQ 22kQ
Figure 5-3 —_ =
R 5.6 kQ
16. @ V= ( 2 )V =( J(—IZ V) =-1.74V

R +R, ) (386kQ

RR .
Rz PR _ (56 KQB3KR) _ -0,

R +R, 38.6 kQ
. Vig =Vee __ -174V-07V .,

"R, + Ry /B 560 Q+4.79KkQ /150
Vi = IgRs + Vi = (—4.12 mA)(560 kQ) + 0.7 V=231 V+0.7V=-1.61V

© peVm Ve __ CLTAV-07V
"Ry + Ry /B 560 Q+4.79kQ /150
Vs = IgRg + Vi = (=3.72 mA)(560 kQ) + 0.7 V = -2.08 V + 0.7 V = -1.38 V

=-3.72 mA

17. (@)  Veg=Ve+07V=-161V+07V=-091V
Vig 091V

R, 560Q
Veq=Vec = IcRc=-12V = (-1.63 mA)(1.8 kQ) =-9.07 V
VCEQ = VCQ - VEQ =-9.07V - (—091 V) = —8.16 A%

(b) PD(min) = ICQVCEQ = (—163 mA)(—816 V) =13.3 mW

=-1.63 mA

ICQEIEz

18. Ve=-1.61V

Ve =V _|F12V-(-161V)|
h= R | 33kQ |_315”A

Ve

Vs |-L61V
TR, |56kQ
Iy=1— 1, =315 uA — 288 uA =27 uA

‘: 2.88 uA
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Section 5-3 Other Bias Methods

19. Using Equation 5-9:

I = Vee—Vege _ —(=5V)-07V _ 43V

R +Ry/ o 22kQ+10kQ/100 2.2kQ+0.1kQ

Ic = I =1.86 mA
Ic _1.86 mA
B~ 100
Vp = —IgRp = (18.6 uA)(10 kQ) =-0.186 V
Ve=Vg—-0.7V=-0.186-0.7V=-0.886 V
Ve=Vec—IcRc=5V - (1.86 mA)(1.0kQ)=3.14 V

=1.86 mA

Iy = = 18.6 uA

20. Assume Vg = 0V at saturation.
Ve=-0.886 V
s0 Vegay = —0.886

Vee =Vewn 5 V—(-0.886 V)

Tean = =5.89 mA
o Re 1.0 kQ
R (min) = Vep _ 411V _ 698 Q

Ieww 589 mA

2. At100°C:

Vee =0.7 V = (2.5 mV/°C)(75°C) = 0.513 V
Ve Ve —(-5V)-0513V 449V
R, +Ry /Py 22kQ+10kQ/100 2.3 kQ
At 25°C:

I =1.86 mA (from problem 19)
Al =1.95 mA — 1.86 mA = 0.09 mA

=1.95 mA

E

22. A change in ffpc does not affect the circuit when Rg >>Rp/fpc.
Since

e = VEE — VBE
RE + RB /IBDC
In the equation, if Rp/fpc is much smaller than Rg, the effect of fpc is negligible.

23. Assume fpc = 100.

Ve Ve _ 10V-07V
R,+R,/f 470 Q+10kQ/100
Vee = Vie — Vee = Ic(Re + Rg) =20 V = 13.1 V= -6.95 V

=16.3 mA

ICEIE=

24, Vy=07V
 Vee=Vee . 3V-07V
T R AR,/ Boe  1.8kQ+33kQ/90
Ve=Vee = IcRe =3V = (1.06 mA)(1.8 kQ) = 1.09 V

1.06 mA
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25.

26.

27.

28.

29.

30.

31.

I- = 1.06 mA from Problem 24.
Ic =1.06 mA — (0.25)(1.06 mA) = 0.795 mA
o= VCC — VBE
RC + RB /IBDC
Vee =Vag —IcRg ! B 3V —0.7V —(0.795 mA)(33 k) /90

Re= - =2.53kQ
I. 0.795mA

I- =0.795 mA from Problem 25.
Veg = Vee — IcRc =3 V = (0.795 mA)(2.53 kQ) = 0.989 V

Pominy = Verlc = (0.989 V)(0.795 mA) = 786 4W vy

See Figure 5-4.
Vee = Vae 12V-0.7V 1.2kQ

o= - =7.87mA
Ro+Ry/fBoe  1.2KQ+47kQ/200
Ve=Vee—IcRe =12V = (7.87 mA)(1.2 kQ) = 2.56 V

Bac =200
47 kQ

Figure 5-4

Ve =Vee; VE=0V

Vee =07V _12V-07V 113V
R,  22kQ  22kQ

Ic = Bocls =90(514 uA) = 46.3 mA

Vee = Ve — IcRe = 12 V = (46.3 mA)(100 Q) = 7.37 V

IB=

=514 pA

Ico = 180(514 uA) = 92.5 mA
Vemo = 12V — (92.5 mA)(100 Q) = 2.75 V

I changes in the circuit with a common V¢ and Vg supply because a change in V¢ causes
Iy to change which, in turn, changes /.

Vig Ve _ 9V —-07V

I = =553 uA
’ Ry 15kQ “
IC(sat) = VCC = —9 v =90 mA
R. 100Q
For fpc = 50:

Ic = Poclg = 50(553 pA) = 27.7 mA

Vee = Vee — IcRc =9V — (27.7 mA)(100 Q) = 6.23 V

For fpc = 125:

Ic = Poclg = 125(553 pA) = 69.2 mA

Vee = Vee — IcRc =9 V — (69.2 mA)(100 Q) = 2.08 V

Since Ic < I, for the range of fpc, the circuit remains biased in the linear region.
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32. Icgan = VC—C = i =90 mA
R. 100Q
At 0°C:
Poc=110-110(0.5) = 55
Vee =Vge _9V-0.7V
Ry 15kQ
Ic = Poclg = 55(553 1A) = 30.4 mA
VCE = VCC - IcRC = 9 V - (304 mA)(lOO Q) = 596 V
At 70°C:
Loc =110+ 110(0.75) = 193
Iy =553 uA
Ic = Poclg = 193(553 uA) = 107 mA
I > Ic(say, therefore the transistor is in saturation at 70°C.
Alc = Ican — Icr) = 90 mA — 30.4 mA = 59.6 mA
AVCE = VCE(()O) - VCE(sat) =596V-0V=596V

IB = = 553 /,lA

Section 5-4 Troubleshooting
33. The transistor is off; therefore, V, =0V, V, =0V, V;=8 V.

34. Vl = 0.7 V, V2 = OV
_8V-07V 07V

Iy = =221 uA - 70 uA =151 uA
T3BKkQ 10kQ “ “ “
Ic =200(151 uA) =30.2 mA
8V
Ican= ——— =3.64mA,so Ve=Vg=0V
T 20kQ =
If the problem is corrected,
=10k ey 186V
10kQ +33kQ
V,=Vg=186V-0.7V=116 V
E= LI6Y =1.16 mA
1.0kQ

Vi=Ve=8V—(1.16 mA)(2.2 kQ) =545 V

35. (a) Open collector
(b) No problems
(c) Transistor shorted from collector-to-emitter
(d) Open emitter

36. For fpc = 35:

B = 4.5kQ (-10V) =-31V
14.5kQ
For fpc = 100:
o[ 2TKQ N ovy 234y
15.17 kQ

The measured base voltage at point 4 is within the correct range.
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37.

VE=-31V+07V=-24V

c=l= 24V _ 353ma
680 Q
Ve=—10V - (-3.53 mA)(1.0kQ) =-647V
Allowing for some variation in Vg and for resistor tolerances, the measured collector and
emitter voltages are correct.

(a) The 680 Q resistor is open:
Meter 1: 10V
Meter 2: floating

5.6kQ
15.6 kQ

Meter 3: Vg = ( J(—lO V) =-3.59V

Meter 4: 10V

(b) The 5.6 kQ resistor is open.
93V

B= = 2
10kQ +35(680 Q)
Ic=35(275 uA) = 9.6 mA

75 UA

IC(sal) = 10—V =595 mA
1680 Q

The transistor is saturated.

Meter 1: 10V

Meter 2: (5.95 mA)(680 Q) =4.05V
Meter3: 405V +0.7V =475V
Meter 4: 10V —(5.95 mA)(1.0 kQ)=4.05V

(c) The 10 kQ resistor is open. The transistor is off.
Meter 1: 10V
Meter?2: 0V
Meter3: 0V
Meter4: 10V

(d) The 1.0 k€ resistor is open. Collector current is zero.
Meter 1: 10V
Meter?2: 127V -07V=057V

5.6kQ| 680 Q
10kQ+5.6 kQ| 680 Q
Meter 4: floating

Meter 3: [ J(IOV)+ 07V=057V+07V=127V

(e) A short from emitter to ground.
Meter 1: 10V
Meter2: 0V
Meter 3: 0.7V
I = 1o0v-0.7V) _ 9.3V
BT 0k 10kQ
Icminy = 35(0.93 mA) = 32.6 mA

=093 mA

41



Chapter 5

10V
Iequn = ——— =10 mA
0T 0kQ

The transistor is saturated.
Meter 4: =0V

(f) An open base-emitter junction. The transistor is off.
Meter 1: 10V
Meter2: 0V

5.6kQ

Meter 3:
(15 6 kQ
Meter 4: 10V

J(lO V) =359V

Application Activity Problems

38.

39.

40.

With R, open:
VBZOV, VEZOV, VC:VCC:9.1V

Faults that will cause the transistor of textbook Figure 5-29(a) to go into cutoff:
R, open, R, shorted, base lead or BE junction open.

At 45°C: Rryerm = 2.7 kQ

y, [ B 9\;:[2'7 kgjmf =328V
R +R, 74KQ

Ve=Vp-07V =258V
o gos Ve 258V

R, 470Q
Ve=Vour=9V - (549 mA)(1 kQ) =3.51V

=549 mA

At 48°C: Riperm = 1.78 kQ
_ (1.78 kQ
*7 648 kQ
Ve=247V-07V=177V
177V
T 470Q
Ve=Vour=9V—(3.77 mA)(1 kQ) =523V

j9V =247V

E=Ic =3.77 mA

At53°C: Riperm = 1.28 kQ
_ (1.28 kQ
P 5.98kQ
Vg=193V-07V=123V
LBV 6omA
470 Q
Ve=Vour=9V—(2.62mA)(1kQ)=6.38 V

)9V =193V

E — IC
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41. The following measurements would indicate an open CB junction:
Ve=Vee = +9.1V
Vi normal
VE =0V

Datasheet Problems

42. For T=45°C and R, = 2.7 kQ

Rinuse) = 2.7KQ || (30)(470 Q) = 2.7kQ || 14.1kQ =2.27 kQ min
Ringuse) = 2.7KQ | (300)(470 Q) = 2.7kQ || 141kQ =2.65 kQ max

Vit = ( 2.27kQ 01V = (2.27 kQ
227kQ+5.6kQ

VE(min) = 262 V - 07 V = 1.92 V
1.92V

70Q
Vemay =9.1 V= (4.09 mA)(1.0 kQ) =5.01 V

Vit = ( 2.65kQ ng LV = (2.65 kQ

J9.1V =2.62V

SO, ICEIE= =4.09 mA

2.65kQ+5.6kQ 8.25kQ
VEmay =292V -0.7V =222V

222V
So, Ic=Ig=
TET 400

j9.1 V =292V

=4.73 mA

Vemin = 9.1 V= (4.73 mA)(1.0kQ) =4.37 V

For T'=55°C and R, = 1.24 kQ:
Ringuse = 1.24KQ || (30)(470 Q) =1.24kQ | 14.1kQ = 1.14 kQ min

Ringuse) = 1.24KQ || (300)(470 Q) =1.24kQ || 141kQ = 1.23 kQ max

VB(min)= 1141(9 91V= 1141(9 91V =1.54V
1.14kQ+5.6kQ 6.74 kQ2

Ve = 1.54 V=07V =0.839 V
0.839V

70Q

Ve = 9.1 V= (1.78 mA)(1.0 kQ) =7.32 V

Vit = L23KQ gy (L8R 1y _qeav
1.23kQ +5.6kQ 6.83kQ

Ve = 1.64 V—0.7V =0.938 V

So, Ic=1Iz= 0.938V =2.0mA
470Q

Vemin = 9.1 V= (2.0 mA)(1.0kQ) =7.10 V

So, Ic=Ig= =1.78 mA
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43.

44,

45.

46.

At T = 45°C for minimum fpc:

Ppimaxy = (5.01 V=192 V)(4.09 mA) = (3.09 V)(4.09 mA) = 12.6 mW

At T'=55°C for minimum fp:

Ppmaxy = (7.32 V-0.839 V)(1.78 mA) = (6.48 V)(1.78 mA) = 11.5 mW

For maximum beta values, the results are comparable and nowhere near the maximum.

Pp(maxy = 625 mW = (5.0 m/°C)(30°C) = 475 mW
No ratings are exceeded.

For the datasheet of Figure 5-49 in the textbook:
(a) For a 2N2222A, Icamax = 1 A continuous
(b) For a 2N21 18A, VEB(max) =60V

For a 2N2222A @ T=100°C:
Ppimaxy = 0.8 W = (4.57 mW/°C)(100°C - 25°C) = 0.8 W — 343 mW =457 mW

If I changes from 1 mA to 500 mA in a 2N2219A, the percentage change in fpc is
30-50
M=

JlOO% =-40%

Advanced Problems +15V

47.

48.

See Figure 5-5.

Vee ~Vepg 15V =5V
I,  5mA

Assume fpc = 100.

Ing= leq _SmA =50 uA

Boc 100

Ve =Vie 15V =07V

Iju,  50uA

Ry Re

Rc = =2kQ 286 kQ 2kQ

(‘ 2N3904

— 286 kQ Figure 5-5

RB=

See Figure 5-6. +1§V

Assume fpc = 200.
I
IBQ:ﬂ:IO—mA:SOIuA Re
Boc 200 820 Q
Let RB =1.0kQ Ry
12V -(50 uA)(1.0kQ)-0.7V 113V ~ 1.13kO 2N3904
10 mA 10mA ke
=12V—(—12V+11.3V+4V)= 8.7V ~3700 Ry
10 mA 10mA 12kQ
870 Q and 1.13 k€ are not standard values. Rc = 820 Q and

R = 1.2 kQ give ICQ =9.38 mA, VCEQ = 5.05V. o
-12V

Rg

Rc

Figure 5-6
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49.

50.

51.

See Figure 5-7.
ﬂDC(min) =70. Let RE =1.0 kQ.
VE=IRe=15mA(1.0kQ)=15V
Ve=15V+07V=22V
Vee =Verg=Ve 9V -15V-3V

Icq 1.5mA

Vee _ oV

1 I, S5SmA -1.5mA

Asssume fpcRe>>R,. The ratio of bias resistors equals
the ratio of the voltages as follows.

R R
R _68V 109 2kQ 350
R, 22V

R, =3.09R, ! 2N3904

Ri+R, =R, + 309R2 =2.57kQ

4.09R, = 2.57 kQ géo o 11%]:(9
2.57kQ

Rc= =3kQ

CC(max) -

=628 Q

2

So, R, =620 Q and R; = 1.92 kQ =2 kQ. Figure 5-7
From this,

RiNvase) = ocVe _ T0022V) _ 103 kW >> R,

I, 1.5mA
( 620 Q
so. Vo =

0, Vp =
2.62 kQ

Ve=213V-07V=143V

143V
leo=le= —Y — 143 mA
CQEET 1 0kQ

J9V:2.13V

Veee=9 V= (143 mA)(1.0kQ + 3 kQ)=3.28V

See Figure 5-8.

ﬂDC = 75

10 mA +V
Ino= ——— =133 uA
BT s #
Re = Vee ZVee _ 3V Z15V =350 Q (use 360 Q) ke

Ieg 10mA Ry 360 Q
RB - VCE -07V = 1.55V-07V =6kQ (USG 6.2 kg) % IN2222A
Iy, 133 uA @

leg= —2Y 9TV _ 971 ma

360Q+6.2kQ/75 B
Verg = Ve =5V —(9.71 mA)(360 Q) = 1.50 V Figure 5-8

The 2N3904 in textbook Figure 5-47 can be replaced with a 2N2222A and maintain the
same voltage range from 45°C to 55°C because the voltage-divider circuit is essentially S
independent and the fpc parameters of the two transistors are comparable.
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52,

53.

54.

For the 2N2222A using the datasheet graph in textbook Figure 5-50 at Ic = 150 mA
and VCE =1.0V:

At T =-55°C, hggmin) = (0.45)(50) = 22.5

At T = 25°C, hggmin) = (0.63)(50) = 31.5

At T = 175°C, hpgmin) = (0.53)(50) = 26.6

If the valve interface circuit loading of the temperature conversion circuit changes from

100 kQ to 10 kQ, the Q-point will have a reduced Vgq because the current through Rc will
consist of the same I and a larger /;. I¢q is unaffected in the sense that the transistor
collector current is the same, although the collector resistance current is larger. The transistor
saturates sooner so that lower temperatures do not register as well, if at all.

It is not feasible to operate the circuit from a 5.1 V dc supply and maintain the same range of
output voltages because the output voltage at 60°C must be 6.478 V.

Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 55 through 60 are available from the
Instructor’s Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

5S.
56.
57.
58.
59.
60.

Rc open

Rg open

R, open
Collector-emitter shorted
Rc shorted

Base-emitter open
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BJT Amplifiers

Section 6-1 Amplifier Operation

1. Slightly greater than 1 mA minimum

2. From the graph of Figure 6-4, the highest value of dc collector current is about 6 mA.

Section 6-2 Transistor AC Models

o 25mV _ 25mV

3. ’ ~833Q
IE
4. B =y = 200
5. Ic = Bocls = 130(10 A) = 1.3 mA
L= fe J13mA g A
ape  0.99
re,: 25mV _ 25mV 190
I 13ImA
6.  foo=lc_2MA 433
Iy 15uA
Al _035mA
Al,  3uA

Section 6-3 The Common-Emitter Amplifier

7. See Figure 6-1. +15V

§ 2kQ 22kQ

§ 47KQ 1kQ

dc equivalent

Figure 6-1

47
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8. (@ V= ( R, chc :( 4.7 k0 le V =2.64V

R +R, 26.7 kQ
(b) Vg=Vg—-07V=264-07V=194YV
© L=Ye =19V g o4ma
R 1.0 kQ

E
d) Ic = =194 mA
) Ve=Vee—IcRc=15V -(1.94mA)22kQ)=11.6 V

9. Icc = Ipias + Ic
V. 264V
I =B — =562 uA
PSTR T 47k #

2
Iec = 562 uA +1.94 mA = 2.50 mA
P =1IccVee = (2.5 mA)(15 V) = 37.5 mW

10. (@) Vg= | HTK2
47kQ+22kQ

Ve=2.64V-07V=194V
194V

T 1.0kQ
, 25mV_ 25mV

r =
N 1.94 mA
Rinbasey = B (r + R ) = 100(1012.9 Q) = 101 kQ

JIS V =264V

=1.94 mA

E

n

=129Q

(b) Rin=Rispuser | R, | R, =101kQ || 22kQ | 47kQ =3.73kQ

R. _ 22kQ
Ry+r 1202Q

(©) A=

1. (@) Ripao= B,7 =100(12.9 Q) = 1.29 kQ

(b) Ry, =129kQ | 22kQ[ 4.7kQ =968 Q
© A= Fe_22K2 4.,
Ko 129Q

e

12. (@) Ripasey = B,.r, =100(12.9 Q) = 1.29 kQ

(b) Ry, =129kQ | 22kQ[ 4.7kQ =968 Q
© A= R—f= Rc ||,RL _22kQ[10kQ _ 140
r, r, 12.9 Q
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13.

14.

15.

16.

R
@ v( : jvccz(w)lgvzm

R +R, 59 kQ
L _RR_ @kO@KQ)

R +R, 59 kQ

Vo, =V, 66 V—0.
]E_ TH BE _ 366V 07V :2.63mA

R +Ry /B 1kQ+9.56 kQ/75
(b) Ve =IgRg = (2.63 mA)(1 kQ) = 2.63 V
() Vo=Ve+Vae=2.63V+07V=376V
(d) Ic = Ig=2.63 mA
() Ve=Vee—IcRc=18V —(2.63 mA)(3.3kW) =932V
(f) Veg=Ve-Ve=932V-263V=6.69V

From Problem 13, Iz = 2.63 mA

25 mV 25 mV
a) Ripaser= B.1' =0 . =70 ———
( ) (base) ﬂac e ﬂac ( IE j (263 mA

j=6659

(b) Ru= R | R, | &

by =47 kQ [ 12kQ | 665 Q = 6220
R.| R, 33kQ|I0kQ
Y 95
(d) Ai=B,.=170

(e) A,=AA;=(261)(70) = 18,270

Vo= | —Bu |y [ 0309 4,y
R, +R, 640 Q + 600 Q

Attenuation of the input network is

R, |_|__6409Q =0.516
R, +R. ) | 640Q+600Q

Al =0.516A, =0.516(253) =131

(c) A, = 261

0=180°
R :
Vrg= 2 Vccz(”kQ )8V=1.73V
R +R, 153 kQ
- RR, _(2kQ)B3kQ) _, (o
R +R, 153 kQ
L Vig =Veg _ LTBV-0TV o0 o

T R, + Ry /o 100 Q+2.59 kKQ/150
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17.

18.

19.

_25mV _ 25mV
© I, 878mA
Maximum gain is at R, =0 Q
R.  330Q
7 285Q
Minimum gain is at R, = 100 Q.

R.  330Q
R, +r/ 285Q

R :
VTH=( 2 ]VCC =( 3.3 kO )8 V=173V

r,

=2.85Q

=116

Av(max) =

=3.21

Av(min) =

R +R, 153 kQ
__RR_2K63KQ) ) o

R +R, 153 kQ

Vin ~Vee _ LT3V-0TV g

I

T R, + Ry /o 100 Q+2.59 KQ/150
o 25mV _ 25mV
7 I, 878mA

Maximum gain is at R, =0 Q
_ R.|R, 330Q[600Q

=2.85Q

Aymax) = =74.7
r/ 2.85Q
Minimum gain is at R, = 100 Q.
R-||R
Ay = RellBe_ 2130,

R, +r/ 10285Q

Ru= R | R, | B.7 =33kQ [ 12k2 [ 150(3.25 Q) =410Q

Attenuation of the input network is

R, 410 Q 0578

R, +R 410 Q+300Q
R, 330Q[1.0kQ

sz —;:— =763
r 3.25Q

Al = 057774, =0.578(76.3) = 44.1

See Figure 6-2.
, _ 25mV

n=——=98Q R,
2.55mA 100 Q

R, > 107

Set R, =100 Q.

The gain is reduced to 900 Q c

A= R.  33kQ I

R +r 1098Q = =
Figure 6-2
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Section 6-4 The Common-Collector Amplifier

20. ng( Ry JvccztﬂJ5.5V=l.76V

R +R, 14.7kQ
o Yam07V _176V-07V | oo
R, 1.0kQ
p= XMV 360
1.06 mA
A R LOKR g7

T R+ 1.0kQ+23.6Q

2. Ry=R | R | B.(+R)= R | R, | B.R; =10kQ[ 47kQ | 100kQ =3.1kQ
Vour=Vg—0.7V = Ry Vee —0.7V =[ 47kE Js.sv -07V=106V
R +R, 14.7kQ
. R
22, The voltage gain is reduced because A, = R .
Lt

8. V= |-y, =( 47kQ js.sv =176V
R +R, 14.7kQ

_ Vy—Vg  176V-07V

Ry 1.0kQ
re'z 25 mV _ 25 mV —2360
Iy 1.06 mA
_ Re|R
AR | R,

Av(re,-l-RE ” RL): Ry ” R,
Ry || R, _AV(RE ” RL): Avre,
(Re | RJ1-4)= A

B A ~0.9(23.6 ©2)
(Re | R,)= " 1209
RLRE= 2124RL+ 2124RE

RLRE - 2124RL = 2124RE
212.4R;  (212.4 Q)(1000 Q)

R, —2124 1000 Q-2124Q

=2124Q

L=

=270 Q
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24, @ V=10V

Vm:( Ry JVCC =(%J10V =4V

R +R, 55kQ
VE1=VBl_O.7V=4V_O.7V=3.3V
VC2=10V

VB2= VEl =3.3V

VE2= VB2_0.7V=3.3V—O.7V=2.6V
1) Bhe = Pocifoca = (150)(100) = 15,000

V,,-07V _ 26V

(c) I = = =173 uA

BocrRe 100(1.5 kQ)

re,IEZSmV: 25 mV — 145 KO,
I, 17.3 uA

I Ve o 2OV gaa

R, 1.5kQ
- :25mV_ 25mV 1450
7 I, 173mvV

(d) Rin= R, H R, H Riy(pasen)

Rinpasety = PuctPucaRe = (150)(100)(1.5 kQ) = 22.5 MQ
Ri,=33kQ| 22kQ | 225MQ =13.2kQ

25 Riguso = BurBuaRe = (150)(100)(1.5 kQ) = 22.5 MQ
Riv= Ry | R | Ry = 22KQ33K2[ 22.5MQ = 132kQ

in(base)
Vi 1V
R, 132kQ
vV, _ 1V
Rin(busel) 225 MQ
Ig = ﬁacl ac21in(hasel) = (150)(100)(444 nA) =667 ,LlA
1
(o _66THA g
1., 758 uA

m

in —

=75.8 uA

=444 nA

Iin(base =

Section 6-5 The Common-Base Amplifier

26. The main disadvantage of a common-base amplifier is low input impedance. Another
disadvantage is unity current gain.
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R
27. VE:( 2 JVCC—VBE:[%jMV—OJV:dSV

R, +R, 32kQ

Iz = 68V =10.97 mA
620 Q
Rin(emilter) = re’ = 25 mV = 25 mA = 2.28 Q
Iy 10.97 mA

A = R? _ 1.2kQ _ 526

r, 2.28Q
A,‘ =1
A,=AA, =526

28. (a) Common-base (b) Common-emitter (c) Common-collector

Section 6-6 Multistage Amplifiers
29. Al =A,A, = (20)(20) = 400

30. Al =10dB +10dB + 10 dB = 30 dB
20log A/ =30dB

R 8.2kQ
31. Vi 2 W=V =| ———— |15V -07V=229V
@ E(R +R j cco T (33k9+8.2k9j

V229V
TR, 1.0kQ

v 25mV: 25 mV
T I,  229mA

Rucy= Ry | Ry | B,/ = 82kQ | 33kQ [ 175(10.9Q) =148 kQ

=2.29 mA

=109 Q

n

_ Re | Ruy  33KkQ| 1.48k02
o 109Q

e

R(; _ 3.3kQ - 303
r, 109Q

e

A =93.6

AVZ =

(b) Al =A,A,, =(93.6)(303) = 28,361
(C) Avl(dB) =20 10g(936) =394 dB
AVZ(dB) =20 10g(303) =49.6 dB
Al s =2010g(28,361) = 89.1 dB
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32,

33.

34.

Rc H Riua _33kQ | 1.48kQ

(@) Ay = ; oog -3¢
r, .
A, Re ||,RL _33kQ[18kQ 256
’ 10.9Q

e

() Ruy= R, | R, || B,.r/= 33kQ[8.2kQ[175(109Q) =148 kQ
Attenuation of the input network is

Ry  1.48kQ 3

R, + R, 148kQ+75Q

Al =(0.95)A,1A,, = (0.95)(93.6)(256) = 22,764

0.95

(©) Ay = 20 10g(93.6) = 39.4 dB
AVZ(dB) =20 10g(256) =48.2 dB
Al s =20 10g(22,764) = 87.1 dB

Vi = Ry Vee =( 22kQ jlzv =216V
R +R, 122kQ

VEI = VBI _07 V = 1.46V
IC]EIEl= E:ﬂ =0.311 mA
R, 4.7kQ

VCl = VCC - IC1R3 =12V - (0311 IIIA)(22 kg) = 5.16 V
VBZ = VC] = 5.16 V
VE2= VBQ—O.7 \Y =516V—O7 A% =4.46V

Ve, 446V

Ioyz=lpp=—== =0.446 mA
TR 10KQ

Ver = Vee = IceaRs = 12V — (0.446 mA)(10 kQ) = 7.54 V
. 25mV: 25mV ~560

I;, 0.446mA
Ry = B,.10, =(125)(56 Q) =7 kQ
Vo= 25 mV _ 25 mV
47 I, 0311mA

R R 22kQ7KQ
T 804Q

r

el

R 1062
r, 56Q

A =A,A, = (66)(179) = 11,814

n

=80.4 Q

66

Av2 =

(a) 20 log(12) = 21.6 dB
(b) 20 log(50) = 34.0 dB
(c) 20 log(100) = 40.0 dB
(d) 20 log(2500) = 68.0 dB
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35. (a) 20log & =3dB (b) 201log L (c) 20log | —= V =10dB
4 4 4
— —0.15 log 143 =£ =0.3 log i 1o =0.5
14 20 Vi " 20
14 Vs _ LAY
4 4
v, v,
(d) 20log| —= | =20 dB (e) 20log |—=|=40dB
Vi Vi
log& =E=1 ]og& :ﬂz
Vi 20 Vi 20
Y2 _ 10 Y2 100
Vi V

1

Section 6-7 The Differential Amplifier

36. Determine I for each transistor:
Vv
I, =—&= 43V 6 5ma
* R, 22kQ

IR
IE(QI) = IE(QZ) 27 =3.25mA

Determine I for each transistor:
Lo = A, =0.980(3.25 mA) = 3.185 mA

IC(QZ)

= I, =0.975(3.25 mA) = 3.169 mA
Calculate the collector voltages:

Veon = 15V = (3.185 mA)(3.3 kQ) =4.49 V

Vewn =15V =(3.169 mA)(3.3kQ) =4.54 V

The differential output voltage is:

Vour = Vegn ~Veon =454 V =449V =0.05 V = 50 mV

37. V, measures the differential output voltage.
V, measures the non-inverting input voltage.
V3 measures the single-ended output voltage.
V4 measures the differential input voltage.
I, measures the bias current.
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38. Calculate the voltage across each collector resistor:

Ve, =(1.35 mA)(5.1 kQ) =689 V
Ve, =(1.29 mA)(5.1 kQ) =6.58 V

The differential output voltage is:

Vour = Very = Veon = Vee = VRC2 )= Vee = VRC )= VRCl - VRC2

1

=689 V-658V=031V=310mV

39. (a) Single-ended differential input, differential output
(b) Single-ended, differential input, single-ended output
(c) Double-ended differential input, single-ended output
(d) Double-ended differential input, differential output

Section 6-8 Troubleshooting

40. VE=( i JIOV—O.7V=(%JIOV—O.7V=1.05V

R +R,
p= Ve 1OV o5 ma
R, 1.0kQ

Ve=10V = (1.05 mA)(4.7kQ) =5.07V
Vee=507V-105V=402V
VC_E = M =3.83 kQ

I, 1.05mA
With C, shorted:
Rixey = Ry | BocRy =10kQ [ 125(1.0kQ) =9.26 kQ
Looking from the collector of Q:

(7 +R,) | Rixoy =(3.83KQ+1.0KQ) [9.26 kQ =3.17 kQ

B 3.17kQ
T 3.17kQ+47kQ

n

’
CE

leV =403V

41. Q,isin cutoff. Ir=0A,s0V»=10V.

42. (a) Reduced gain
(b) No output signal
(c) Reduced gain
(d) Bias levels of first stage will change. Ic will increase and Q; will go into saturation.
(e) No signal at the Q, collector
(f) Signal at the O, base. No output signal.
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43.

r’ =109 Q R, =1.48 kQ
A,1=93.6 A, =302
Test Point DC Volts AC Volts (rms)
Input ov 25 uA
Q, base 299V 20.8 uv
Q; emitter 229V ov
0 collector 744V 1.95 mV
0, base 29V 1.95 mV
0, emitter 229V ov
0, collector 744V 589 mV
Output oV 589 mV

Application Activity Problems

44. For the block diagram of textbook Figure 6-46 with no output from the power amplifier or
preamplifier and only one faulty block, the power amplifier must be ok because the fault must
be one that affects the preamplifier's output prior to the power amplifier. Check the input to
the preamplifier.

45. (a) No output signal
(b) Reduced output signal
(c) No output signal
(d) Reduced output signal
(e) No output signal
(f) Increased output signal (perhaps with distortion)

46. R7; =220 Q will bias Q, off.

47. (a) Q@ isin cutoff.

(b) Ver = Ve
(¢) Ve is unchanged and at 5.87 V.
Datasheet Problems
48. From the datasheet in textbook Figure 6-63:
(a) fora 2N3947, ﬂac(min) = hfg(min) =100
(b) For a 2N3947, re'(mm) cannot be determined since Aemin 1 Not given.
(c) For a2N3947, r:(min) cannot be determined since Aemin 1 not given.
49. From the 2N3947 datasheet in Figure 6-63:

(a) For a 2N3947, By = 700

4
(b) Fora2N3047, /. = e 220107 _ 490
h, 5048

oe
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h,+1 20x107"+1

(c) Fora2N3947, r/ .. == =20 kQ
h,, 50 uS
50. For maximum current gain, a 2N3947 should be used.
Advanced Problems

51. In the circuit of textbook Figure 6-62, a leaky coupling capacitor would affect the biasing of
the transistors, attenuate the ac signal, and decrease the frequency response.

52. See Figure 6-3.

—0 Vour

Vin Ql
Rs R¢ Ry
22 kQ 47 kQ 6.8 kQ
Ry
1 kQ

AC equivalent circuit

Py °

Rl
330kQ

R,
330 kQ

-15V
DC equivalent circuit

Figure 6-3
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53.

54.

For the 2™ stage:
30V 30V

R, +R,  69kQ
Vo = Ve — Ine.7Re = 15 V — (435 1A)(47 kQ)
=15V-205V=-55V

=435 uA

R6-T =

Iy = Ve, _ -55V-07V 121 mA
R, +R, 5.13kQ
’},z =25—mV =207Q
“ 121 mA
With R = 0 Q for max gain:
A= R, _ 08KkQ =45.1 (unloaded)

R,+r, 150.7Q
With a 10 k€2 load:

R |R, 68kQ[I0KQ 4.05kQ
R+r,  1507Q 1507 Q

To keep unloaded gain:
4.05 kQ

R, +20.7 Q

4.05kQ =45.1(Ry + 20.7 Q) =45.1Ry + 934 Q
_ 4.05 kQ-934 Q ~ 6910

45.1

=269

v2) =

=45.1

9

Rc > (100)(330 ) = 33 kQ
To prevent cutoff, V- must be no greater than
12V —-(100)(1.414)(25 mV) =8.46 V
In addition, Vi must fall no lower than 8.46 V —3.54 V =4.93 V to prevent saturation.
Rc = 100(Rg +77)
,_25mV
e I,
12V —IcRc=8.46 V
IcRC = 354 V
1.(100(R; + 7)) =3.54V

1{100[330 Q+ 2 mVD =354V
IC

(3K +25V =354V

Ie=314 uA

, 25mV

=31 4uA

Re=100(330 Q + 797 Q) = 113 kQ

Let Rc = 120 kQ.

Ve=12V = (31.4 uA)(120 kQ) = 8.23 V

Vewn =823 V=354V =4.69 V

=797 Q

n
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RE([OI) _ 469V
R. 731V

Reon = (0.642)(120 kQ) = 77 k. Let Rg = 68 kQ.

Ve=(31.4 uA)(68 kQ)=2.14 V
V=214V +0.7V=284V

R, 284V

—= =0.310

R 9.16V

R2 = 0310R1 IfR1 =

The amplifier circuit is shown in Figure 6-4.

From the design:

20k, R, =6.2 kQ.

[ 82K Ny oy
26.2kQ
Ve=2.14V
214V
== =31.3 uA
CTET 683kQ H
= 25mV ~ 798 O
31.3 uA
o 120kQ 06 0r40.5 dB
795 Q +330 Q

Ve=12V =313 uA)(120kQ) =824V
The design is a close fit.

5S. See Figure 6-5.

R, = 120kQ || 120kQ || (100)(5.1kQ) = 53.6 kQ minimum

’ 010V
¢, 120 kQ
1 uF
\| 0, C,
1 2N3904 |
i
Ry I
120kQ Ry
5.1kQ
Figure 6-5

56. See Figure 6-6.

60

¢, 20kQ
1 uF
\|
/1
25
m =262k
REZ
=  68kQ
Figure 6-4

o12V

2N2222
RHI
330Q

Rl
¢, 120 kQ
1 uF
i
I
RZ
120 kQ
Figure 6-6

9

o -10V

R E

5.1kQ
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57. See Figure 6-7.
6V-07V B

€T 510Q+2kQ/100

2N3904
, 25mV ol o . I‘ o
v, = =25Q
° 10mA \ |
A, = 130Q =724 Ry Re
2.5Q 510Q Ry s 180 Q
2kQ ’
This is reasonably close (=3.3% off) and can I
be made closer by putting a 7.5 Q resistor in -6V 1 1 6V
series with the 180 Q collector resistor. - -
Figure 6-7
58. Assuming £, = 200,
C = I 1
: 2rf R 27(100 Hz)(330 k€2 ]| 330 k€2 || (200 x 34 k€Q))
= ! =0.01 uF
272(100 Hz)(161 k€)
C = I 1
2 2rf R 27(100 Hz)(22 k€ + 47 k€2 | 22 kQ ]| (200 5.13 k€2))
_ ! = 0.043 UF
27z(100 Hz)(36.98 kQ)
59. IC = IE
a=foo R R Rle Ve 4

Y 25mViII,  25mVi, 25mV  25mV

e

Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 60 through 65 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

60. C, open

61. C, shorted

62. Rg leaky

63. C; open
604. C, open
65. C; open
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Power Amplifiers

Section 7-1 The Class A Power Amplifier

1.

(@) Vy= | —2 VCC:( 3308 leV:3.72V
R +R, 1.0kQ +330kQ

VE=Vp—=Vpe=3.72-0.7V=3.02V

Ve __ 302V =68.4 mA
R +Rp, 82Q+36Q

Verg = Vee — Uo)(Rer + Rz + Rp) = 15V — (68.4 mA)(8.2 Q + 36 Q + 100 Q)
=514V

ICQ EIE =

R, _  100Q
Ry, +r, 82Q+0.37Q

R, = Bi(Re: +”e/) " R, ” R,
=100(82Q+0.37Q) [330Q[1.0kQ=192Q

A= 4 Bl o117 D222 _g63
R, 100 Q

The computed voltage and power gains are slightly higher if 7/ is ignored.

) A, = 11.7

(a) If R, is removed, there is no collector current; hence, the power dissipated in the
transistor is zero.

(b) Power is dissipated only in the bias resistors plus a small amount in Rg; and Rg,. Since
the load resistor has been removed, the base voltage is altered. The base voltage can be
found from the Thevenin equivalent drawn for the bias circuit in Figure 7-1.

Ry =248 Q

b
Vm=3‘72\d_ Wy >

T .

Figure 7-1

Ry aNp 2 =442 Q

Applying the voltage-divider rule and including the base-emitter diode drop of 0.7 V
result in a base voltage of 1.2 V. The power supply current is then computed as

Vee—12V _15V-12V
R, 1.0kQ

=13.8 mA

ICC =

Power from the supply is then computed as

Pr=1IccVee = (13.8 mA)(15 V) = 207 mW
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(c) A, =11.7 (see problem 1(b)). V;, =500 mV,, = 177 mV .
Vour =A Vi =(11.7)(177 mV) =2.07V
V2 207V’

Poul= o= =428 mW
R, 100Q

3. The changes are shown in Figure 7-2. The advantage of this arrangement is that the load
resistor is referenced to ground.

+Vig
+15V

Vg=500 mV,,
1.0kHz
Figure 7-2
4. A CC amplifier has a voltage gain of approximately 1. Therefore, A, = Ry _ 25(2) I;Q =
out
R 510 Q
5. a) Viu= | —— Ve = 12V =514V
@ Vi (Rl +R, ) o (1190 Qj
R R
Ry = il _ (680 Q)(510 Q) ~291 0
R +R, 1190 Q
I= Viu = Vag __ 514V-07V 54 mA
Ry + Ry !/ foe  79.7Q+291Q/125
IC = IE =54 mA

Ve =Vee—IcRe =12V = (54 mA)(100 Q) = 6.6 V
Vi = IsRe = (54 mA)(79.7 Q) = 4.3V
Ves=Ve—Ve=66V-43V=23V

R .
(b) VTHz( - )VCC=(47kQ j12V=3.38V

R +R, 16.7 kQ
RR :
o KRR 2kQMETRY) oo
R +R, 16.7 kQ
Vi =V, 38V -0.
]E_ TH BE _ 338V 07V 15‘7mA

Ry + Ry /B 142Q+338kQ/120
Ic=I;=15.7mA
Ve=Vee—IcRc =12V = (15.7 mA)(470 Q) =4.62 V
Ve =IeRe = (15.7 mA)(142 Q) =2.23 V
Vep=Ve—Ve=462V -223V=239V
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6.

The Q-point does not change because R is capacitively coupled and does not affect the DC
values.

For the circuit in Figure 7-43(a):
From Problem 5(a),

ICQ =54 mA, VCEQ =23V

R.= Rc|R, =100 Q100 Q=50 Q

Vce(cutoﬂ) = VCEQ + ICQRC =23V + (54 IHA)(SO Q) =5V
Since Vgq is closer to saturation, /. is limited to
%
ko _ 23V _ 46 mA
R 50 Q

c

L=

V,u 18 limited to
‘/out(p) = VCEQ = 2'3 Vv

For the circuit in Figure 7-43(b):

From Problem 5(b),

ICQ =15.7 mA, VCEQ =239V

R.= Rc|R, = 470 Q2[470 Q =235 Q

Veeteutoy = Verg + IcoR: =2.39 V + (15.7 mA)(235 Q) = 6.08 V
Since Vcgq is closer to saturation, /. is limited to

Vero _ 239V
R 235 Q

(&

=10.2 mA

L=

Vou 18 limited to
Vout(p) = VCEQ = 2.39 V

o Ry
&
R, _Rc| R, _100Q[100Q 50Q

Ry, Ry, 4.7 Q 4.7 Q
Ry, = R, H R, H Rin(hase) =R, " R, ” :BacREl

(@) A,

A, =10.6

n

R, = 680 Q || 510Q

| (125)(4.7Q) =680 Q[ 510Q 588 Q =195Q

195Q
A, =106 — | =21
p=(100) (1009} ’
b  a= R _E | R, _470Q[470Q 235Q _10.7
Ry, Ry 220 220
Ry=12KQ | 47kQ| (120022 Q) =12kQ | 4.7 kQ || 2.64 kQ = 1.48 kQ

A = (1077 [ 148K
470Q
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10.

R
Vin= : VCC=( Lke2 j24V=4.2V
R +R, 5.7kQ

_ RR, _(47kQ)(1kQ)
" R +R, 5.7kQ

fe V=V 42V-07V o
Ry + Ry / Boe 130 Q+825Q/90

Ic=lk=25mA

Ve = Vee — IcRe = 24 V — (25 mA)(560 Q) = 10 V

Vi = IgRs = (25 mA)(130 Q) = 3.25 V
Vepg=Ve-Ve=10V-325V =675V

PD(min) = PDQ = ICQVCEQ = (25 mA)(675 V) =169 mW

=825Q

TH

From Problem 9: I =25 mA and Vg =6.75V
Veetcuoy = Verg + IeoRe = 6.75 V + (25 mA)(264 Q) = 13.5 V
Pou= 0.512,R. =0.5(25 mA)’(264 Q) = 82.5 mW

P P, P 82.5 mW

77 — out — — out — — 0.138
Foe  Veclee  Vecleq (24 V)(25mA)

Section 7-2 The Class B and Class AB Push-Pull Amplifiers

11.

12.

(a) VB(QI) =0V+07V=07V
VB(QQ) = O N 07 V= —0.7 V

VE = 0 V
Jeo = Vee = (-Vee)—14V _ OV-(-9V)-14V — 83 mA
R +R, 1.0kQ+1.0kQ

Veeqon =9V

Veeqon =-9V
(b) Vou=Vi,=5.0Vrms

2 2
Pout = (Vout) = SOV =05W
R, 50 Q
Lo = Vee _ 9.0V — 180 mA 250
R L 50Q 200 . dc load line
Vce(cumff) =9V ac load line //
150 N
These points define the ac load line as shown  /.(mA) \
in Figure 7-3. The Q-point is at a collector 100
current of 8.3 mA (see problem 11) and the dc 50 \ 0 point
load line rises vertically through this point. \ P
o E===1 DR SR SN \_</
0 2 4 6 8 10
Ve (V)
Figure 7-3
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13.

14.

15.

16.

17.

18.

Ri,= B.(r/+R)R |R,

From Problem 11,

Icg =83 mA

so, Ig = 8.3 mA
,_25mV

T8 3mA

Ry, =100(53 Q)[1.0 kQ1.0 kQ

= 5300 Q|| 1.0kQ[ 1.0 kQ =457 Q

=3Q

The DC voltage at the output becomes negative instead of 0 V.

(a) VB(QI) =75V+07V=82V

VB(QZ) = 75 V- 07 V= 6.8 V

Ve = 5y =75V

2
Vee =14V 15V-14V
R+R,  1.0kQ+1.0kQ

VCEQ(QL) = 15 V- 75 V= 7.5 V
VCEQ(Q2) = O V- 75 V= —7.5 V

ICQ = = 6.8 mA

(b) Viy= Vo =10V, =3.54 V rms
V,)?  (3.54V)’
R, 75 Q

P = =167 mW

(a) Maximum peak voltage =7.5V,. 7.5 V,=5.30V rms
V,)* _ (5.30V)
R, 75 Q

=375 mW

P L(max) =

(b) Maximum peak voltage = 12 V,, 12 V,=8.48 V rms

2 2
PL(max) = (VL) = (848 V) =960 mW
R,  75Q

(a) G, open or O, open

(b) power supply off, open R, O, base shorted to ground
(c) O has collector-to-emitter short

(d) one or both diodes shorted

R, = ﬁac(re/-i— R)R, " R,
From Problem 15:

ICQ = 68 mA

so, I = 6.8 mA
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= 25 mV _ 25 mV
‘ I, 6.8 mA
Ry = 200(78.7 Q)| 1 kQ | 1 kQ =485 Q
B ( 485 Q
=

=3.68 Q

—— 1V =091 Vrms
485 Q+50 Q

Section 7-3 The Class C Amplifier

t
19.  Ppuy = (%jvcﬂmlc(m) = (0.1)(0.18 V)(25 mA) = 450 W

1

20, f=— -
" 2zlLe 272,/00 mH)(0.001 4F)

=50.3 kHz

21. Vom(pp) = 2VCC = 2(12 V) = 24 V

2 2
2. P, = 0.5V _ 0.5(15V) —905W
R 50 Q

c

t
Ppave = (%JVCE(SM)IC(W) = (0.1)(0.18 V)(25 mA) = 0.45 mW

P, 225W

T Pyt Powe  225W+045mW

out

=0.9998

n

Section 7-4 Troubleshooting
23. With C,; open, only the negative half of the input signal appears across R;.

24, One of the transistors is open between the collector and emitter or a coupling capacitor is
open.

25. (a) No dc supply voltage or R, open
(b) Diode D, open
(¢) Circuit is OK
(d) QO shorted from collector to emitter

Application Activity Problems

26. For the block diagram of textbook Figure 7-34 with no signal from the power amplifier or
preamplifier, but with the microphone working, the problem is in the power amplifier or
preamplifier. It must be assumed that the preamp is faulty, causing the power amp to have
no signal.

27. For the circuit of Figure 7-35 with the base-emitter junction of O, open, the dc output will be
approximately —15 V with a signal output approximately equal to the input.
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28. For the circuit of Figure 7-35 with the collector-emitter junction of Qs open, the dc output
will be approximately +15 V with a signal output approximately equal to the input (some
distortion possible).

29. On the circuit board of Figure 7-49, the vertically oriented diode has been installed
backwards.

Datasheet Problems

30. From the BD135 datasheet of textbook Figure 7-50:

(a) ﬂDC(min) =40 @ IC =150 mA, VCE =2V
ﬂDC(min) =25 @ IC =5 mA, VCE =2V

(b) For a BD135, Vegmax = Vego= 45V

(©) Pogmaxy =125 W @ T =25°C

(d) IC(maX) = 15 A

31. Pp =10 W @ 50°C from graph in Figure 7-50.

32. Pp=1W @ 50°C. Extrapolating from the case temperature graph in Figure 7-50, since
Pp=1.25W @ 25°C ambient. This derating gives 1 W.

33. As Ic increases from 10 mA to approximately 125 mA, the dc current gain increases. As Ic
increases above approximately 125 mA, the dc current gain decreases.

34. hpe =89 @ Ic =20 mA

Advanced Problems

3s. Tc is much closer to the actual junction temperature than 7. In a given operating
environment, 7 is always less than T¢.

36. IC(sat) = 24V = 24V =55.8 mA

330Q+100Q 430Q
VCE(cutofﬂ =24V

Vo = (&J24V =421V

1.0kQ + 4.7 kQ I (mA)
Vig=421V-07V=351V
3.51V
IEQ = ICQ = 100Q =35.1mA 89.1 AC load line
R.=330Q]330Q =165Q 554

V=24V -(351mA)(330Q2)=124V
Vepg =124V -351 V=890V

890V =89.1 mA

DC load line

Ic(sat) =35.1 mA +

165Q 0 14.7 24
Veeteuorn = 8.90 V + (35.1 mA)(165 Q) =14.7V
See Figure 7-4. Figure 7-4
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37.

38.

See Figure 7-5.

15V
Ipizlpy=—— =174 mA
R1 R2 869

Vg = (ﬁj 15V=314V

86 Q
Ve=3.14V-07V=244V
ez le= 2V 503 mA o—|
1850 ¢

Ve=15V = (10 Q)(503 mA) = 9.97 V | uF
VCE=753V
Y=V 050

503 mA

The ac resistance affecting the load line is
R.+R, +r, =10Q Figure 7-5

ﬁac = ﬂDC 2100
753V

Lan = 503 mA + =124 A
102Q

Veeuopy = 7.53 V + (503 mA)(10.2 Q) = 12.7 V

The Q-point is closer to cutoff so

P, = (0.5)(503 mA)*(10.2 Q) = 1.29 W

As loading occurs, the Q-point will still be closer to cutoff. The circuit will have
P,.>1W for R; > 37.7 Q. (39 Q standard)

Preamp quiescent current:

0V s ua
660 kQ

15V-07V
L=l=I=—=""""Y _ 401 uA
3=14=15 34 KO y2s

30V
Io=1, = " =435 uA
7T 69kQ #
Vi = 15 V — (435 uA)(47 kQ) = -5.45 V
gy TISVS(ESASVZ0TY) o
5.13kQ

Lo =45 pA + 421 A +435 uA + 1.73 mA = 2.63 mA

112122

Power amp quiescent current:

111 =0

I = 15.7 V-3(0.7 V) _ 13.6 V 136 mA
1.0 kQ 1.0 kQ

Iin= -15V-(-0.7V) _ -143V 65 mA
220 Q 220 Q

Ipy=13.6 mA + 65 mA =78.6 mA
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Signal current to load:
Scope shows = 9.8 V peak output.

5= 0.707(9.8 V) — 366 mA

8Q
Lioisys) = 2.63 mA + 78.6 mA + 866 mA = 947 mA
Amp. X hrs =947 mA x 4 hrs =3.79 Ah

Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 39 through 43 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

39. C;, open

40. Ry open

41. 0, collector-emitter open

42. D, shorted

43. 0, drain-source open
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Chapter 8
Field-Effect Transistors (FETSs)

Section 8-1 The JFET

1.

4.

(a) A greater Vs narrows the depletion region.
(b) The channel resistance increases with increased Vgs.

The gate-to-source voltage of an n-channel JFET must be zero or negative in order to
maintain the required reverse-bias condition.

See Figure 8-1.

D D
G G
S S
n-channel p-channel
Figure 8-1
See Figure 8-2.
+Vop +Vop

Figure 8-2

Section 8-2 JFET Characteristics and Parameters

S.

6.

Vps = Vp =5V at point where I, becomes constant.

VGS(off) = _VP =—6V
The device is on, because Vgs =—-2 V.

By definition, Ip = Ipss when Vs =0 V for values of Vpg > Vp.
Therefore, Ip = 10 mA.

Since Vs > VGS(OfD? the JFET is off and Ip= 0A.
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10.

Vp = _VGS(ofD =—(-4V)=4V

The voltmeter reads Vps. As Vpp is increased, Vps also increases. The point at which /I

reaches a constant value is Vpg= Vp =4 V.

ID—SmA(I—%j =5 mA
—1vY
ID= Smtl—wJ =3.83 mA
2
ID=5mA(1—_§—¥j =2.81 mA
_3vY
ID: SmA(l—Wj =1.95mA
2
1D=5mA[1—_;‘—¥j =1.25mA
2
ID=5mA[1—_2—zj =0.703 mA
2
ID_SmA(l—_g—:]’j =0.313 mA
2
ID=5mA(1—_;—¥j =0.078 mA
—8VY
ID= Smtl—wJ =0mA

I}y (mA)

See Figure 8-3.

Vs (V)

Figure 8-3
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11.

12.

13.

14.

15.

2
V.
Ip = Ipgs| 1-—
Vasom

1 _ VGS — ID
VGS(oﬂ) IDSS

VGS =1- ID
VGS(oﬂ) IDSS

DSS

Vos==8 V| 1= | 2B MA | | _gv(0.329)= 263V
SmA

1
Vas = Vasoofn) (1 — D J

8m = 8mo 1—& =3200 ﬂS[l—ﬂj = 1600 uS
VGS(oft) -8V

gm: ng l_h =2000,LLS[1—1J :1429/18
VGS(off) -7V

gfs =8mn= 1429 ,us

= Vs _ 10V 000 MO

2
VGS:OV: ID: IDSS(I_ VGS J :8mA(1_0)2:8mA

2
Ves=-1V: In=8mA 1—_;—:’/j =8 mA(l - 0.2)* = 8 mA(0.8)*=5.12 mA
2VY
Vos=—-2V: Ip= 8mA I_WJ =8 mA(l — 0.4)* = 8 mA(0.6)* = 2.88 mA
—3vY
Vos=-3V: Ip= 8mA 1—?j =8 mA(1 — 0.6)* =8 mA(0.4)* = 1.28 mA
—4VY
Vos=—-4V: Ip= 8 mA 1_Wj =8 mA(1 — 0.8)> = 8 mA(0.2)> = 0.320 mA
2
-5V 2 2
Ves=-5V: Ip= 8mA 1—? =8 mA(1 — 1)>= 8 mA(0)> = 0 mA

Section 8-3 JFET Biasing

16.

Ves = —IpRs =—(12 mA)(100 Q) =-1.2V
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17 Ry= |Yos|= 4V _gh00
I,| [5mA|
18, Re=|Vos|-| 3V _12ke
Iy| [25mA]
19. (a) ID=IDSS:20 mA
b)) L =0A
(c) Ip increases
20. (@ Vs=(1mA)(1.0kQ)=1V (b) Vs=(5mA)(100Q)=05V
Vp=12V-(1mA)4.7kQ)=73V Vb=9V -(5mA)470 Q)=6.65V
VG:OV VG:OV
VGS=VG—VS=0V—1V=—1V VGS=VG—VS=0V—O.5V=—0.5V
Vps=73V-1V=63V Vps=6.65V-05V=615V

(©) Vs=(-3mA)470Q)=-141V
Vb=-15V - (3 mA)22kQ)=-84V
VGZOV
VGS= VG— Vs=0v—(—1.41 V)= 1.41V
Vps=-84V —-(-141V)=-699V

21. From the graph, Vgs=—-2 V at Ip = 9.5 mA.
Vos| _| =2V
Iy 9.5mA

=211Q

2. py=foss _14mA oA
2 2

VGS(Oﬂ) _ -10V
3414 3414

293V

=-293V

GS =

Vos|
ID
Vop—Vp 24V —12V
I,  7TmA
Select Rg = 1.0 MQ. See Figure 8-4. +24V

RS:

=419 Q (The nearest standard value is 430 Q.)

Rp = = 1.7 KQ (The nearest standard value is 1.8 kQ.)

Rl)
1.8 kQ

1 MQ 430 Q

Figure 8-4
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23.

24.

25.

26.

27.

RiNoray = Rg " R\
Isss| [20nA
Ringowy = 10MQ || 500 MQ = 9.8 MQ

R[N = = 500 MQ

For I, =0,

Ves =—IpRs =(0)(330 Q) =0V

For ID = IDSS =5mA

Ves = —IpRs =—(5 mA)(330 Q) =-1.65V

From the graph in Figure 8-69 in the textbook, the Q-point is
VGS =—-0.95V and ID =2.9mA

For I =0,

VGS = O \Y%

For ID = IDSS =10 IIIA,

VGS = _IDRS = (10 IIIA)(390 Q) = 39 A%

From the graph in Figure 8-70 in the textbook, the Q-point is
VGS =2.1Vand ID =5.3mA

Since V, =9V-5V=4V,
1%
R 4V 085 mA
R, 4.7kQ

Vs =IpRs = (0.85 mA)(3.3kQ) =281V

Vg = Ry VDD=(%J9V=1.62V
R +R, 122 MQ

VGS = VG - Vs = 162 V - 281 V = —119 V
Q-point: Ip=0.85mA, Vgs=-1.19V

ID=

For I, =0,

R
Vs = Vi = 2|V, =
e re (R1+R2J pb

For VGS :OV, VS =48V

V.-V
ID:ﬁ:'G GS|=4'8V =1.45 mA
R Ry 3.3kQ

(2.2 MQ

12V =48V
5.5MQ

The Q-point is taken from the graph in Figure 8-72 in the textbook.

ID =19 mA, VGS =-15V

Section 8-4 The Ohmic Region

28.

Rps=Yos = 98V _4yo
I, 020 mA
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29. RDSl = 04—V = 267 kg
0.15 mA
06V
Rpsy= ———— =1.33kQ
P27 0.45 mA

A Rps =2.67 kQ — 1.33 kQ =1.34 kQ

30  gu= g, 1-Yes |5 mS[l— —1vj
Vesiomn 35V

=1.5mS(0.714) = 1.07 mS

3. e to— 1 _o350
g, 1.07mS

Section 8-5 The MOSFET

B B B 0

n-channel EEMOSFET  p-channel E-MOSFET n-channel D-MOSFET p-channel D-MOSFET

32. See Figure 8-5.

Figure 8-5
33. An n-channel D-MOSFET with a positive Vg is operating in the enhancement mode.

34. An E-MOSFET has no physical channel or depletion mode. A D-MOSFET has a physical
channel and can be operated in either depletion or enhancement modes.

35. MOSFETs have a very high input resistance because the gate is insulated from the channel by
an SiO; layer.

Section 8-6 MOSFET Characteristics and Parameters

ID(on) _ 10 mA
(Vas =Vasw)®  (-12V+3V)?
In = K(Vas — Vasem)” = (0.12 mA/V?)(—=6 V + 3 V)’ = 1.08 mA

2
37. ID= IDSS[I_ VGS J

36. K= =0.12 mA/V?

Vasofn
1 3mA
Inss = L 5= m > = 4.69 mA
. Vs (1 - 2V j
Vasotn -0V
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38.

(a) n channel
2
(b) In= Il 1- Yos
VGS(oft)
4VY
In= 8mA(1——j =0.32 mA
-5V
-2V

(c) See Figure 8-6.

N

—

Vas (V)

-4
Figure 8-6
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Section 8-7 MOSFET Biasing

39.

40.

41.

42,

43.

44.

(a) Depletion
(b) Enhancement
(c) Zero bias
(d) Depletion

@ Vas= | 2ME ) ov_68v This MOSFET is on.
147 MO

) Vas = | LOME) sy 227y This MOSFET is off.
11MO

Since Vgs = 0V for each circuit, Ip = Ipgg = 8 mA.

(@) Vos=Vop—IpRp =12V -(8mA)(1.0kQ)=4V

(b) Vos=Vop—IpRp =15V —(8mA)(1.2kQ)=54V

(¢) Vbs=Vpp—IpRp=-9V — (-8 mA)(560 Q) =—-4.52V

(a) ID(on) =3mA @4 V, VGS(th) =2V

VGS=( Ry JVDD =(ﬂjlov =32V

R +R, 14.7 MQ
ID(on) _ 3mA _ 3mA
Vas =Vasam)?  (GV-2V)*  (2V)

In = K(Vgs — Vosan)” = (0.75 mA/V?) (3.2 V -2 V)* = 1.08 mA
Vis = Vop — IpRp = 10 V — (1.08 mA)(1.0 kQ) =10 V - 1.08 V = 8.92 V

=0.75 mA/V?

(b) ID(on) =2mA @3 V, VGS([h) =15V
VGS: R2 VDD Z(IOMQJ5V :2.5V
R +R, 20 MQ
I
K=o 2mA___ 2MA__ g9 mAn?
Ves —Vosa)®  BV-15V)*  (1.5V)

In = K(Vgs — Vosan)” = (0.89 mA/VH) (2.5 V — 1.5 V)* = 0.89 mA
Vs = Vop—IpRp =5V - (0.89 mA)(1.5kQ) =5V - 1.34 V = 3.66 V

(@) Vps=Vgs=5V
Voo —Vbs 12V-5V

I = =318 mA
R, 2.2kQ
(b) VDS = VGS = 3.2 V
o Yoo =Vos _8V=32V 00

R, 47kQ

VDS = VDD - IDRD = 15 V - (1 mA)(82 kQ) = 68 V
VGS = VDS - IGRG = 68 V- (50 pA)(22 MQ) = 6.799 V
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Section 8-8 The IGBT

45.

46.

The input resistance of an IGBT is very high because of the insulated gate structure.

With excessive collector current, the parasitic transistor turns on and the IGBT acts as a
thyristor.

Section 8-9 Troubleshooting

47.

48.

49.

50.

51.

When I, goes to zero, the possible faults are:
Rp or Rs open, JFET drain-to-source open, no supply voltage, or ground connection open.

If I, goes to 16 mA, the possible faults are:
The JFET is shorted from drain-to-source or Vpp has increased.

If Vpp is changed to =20 V, I, will change very little or none because the device is operating
in the constant-current region of the characteristic curve.

The device is off. The gate bias voltage must be less than Visqny. The gate could be shorted
or partially shorted to ground.

The device is saturated, so there is very little voltage from drain-to-source. This indicates
that Vs is too high. The 1.0 MQ bias resistor is probably open.

Application Activity Problems

52,

53.

54.

(a) =500 mV
(b) —200 mV
(c) OmV

(d) 400 mV

10 mA
5 mA

At V(;zs = 6 V, ID
At ngs = 1 V, ID

Inmn

Vais = Viensor = —400 mV

VOUT = 9048 V
ID — VDD _VOUT — 12 V_9048 V - 2.64 mA
R, +R, 1120 Q

Vais = Viensor = =300 mV

VOUT = 7574 V

b= 12V-7574V =3.95mA
1120 Q

VGIS = ‘/sensor = _200 mV

VOUT = 5930 V

b= 12V-5930 vV =5.42 mA
1120 Q
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55.

Vais = Viensor = —-100 mV
VOUT = 4890 V
12V-4890 V

1120 Q

Vais = Viensor = 0 mV

VOUT = 4197 V

I = 12V-4.197V — 6.97 mA
1120 Q

VGIS = ‘/sensor = 100 mV

VOUT = 3562 V

_ 12V -3562V

1120 Q
VGIS = ‘/sensor = 200 mV
VOUT = 2960 V
_12V-2960V

1120 Q
VGlS = Vsensor = 300 IIIV

VOUT = 2382 V
_12vV-2382V

1120 Q

=6.35 mA

D

=753 mA

D

=8.07 mA

D

=8.59 mA

D

See Figure 8-7.

L L L T T T T S PIPIPRPIP RS WY

I W )
S WY

*
1
i
1
i
i
:
1
i
1
i
i
1
i
0

.
|
|
|
i
1
|
L 2r
|
|
i
0

1

1

'

1

i » . (mV
-400 -300-200-100 100 200 3 ars (V)

Figure 8-7

Vs = i VDD=[50kQ )12V =4V
R +R, 150 kQ

From the graph in Figure 8-79 in the textbook for Vs =0 and Vgys =4 V:
ID = 8§ mA
Vour=12V - (8 mA)(1120 Q) =3.04 V
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Datasheet Problems
56. The 2N5457 is an n-channel JFET.
57. From the datasheet in textbook Figure 8-14:
(a) For a 2N5457, Vst = —0.5 V minimum
(b) For a 2N5457, Vpsumax) =25 V
(©) For a 2N5458 @ 25°C, Ppax) = 310 mW
(d) For a 2N5459, Visrev) = —25 V maximum
58. Ppmax) = 310 mW — (2.82 mW/°C)(65°C — 25°C) =310 mW — 113 mW =197 mW
59. EmO(min) = 8fs = 2000 ‘LlS
60. Typlcal ID = IDSS =9 mA

61. From the datasheet graph in textbook Figure 8-80:
ID = 1.4mAatVGs=0

62. For a 2N3796 with Vgs =6V, Ip =15 mA

63. From the datasheet graph in textbook Figure 8-80:
At Vgs = +3V, Ip= 13 mA
At VGS =-2 V, ID = 0.4 mA

64. Vi = 1500 1S at f=1 kHz and at f = 1 MHz for both the 2N3796 and 2N3797.
There is no change in g4 over the frequency range.

65. For a 2N3796, Vst = —3.0 V typical

Advanced Problems

66. For the circuit of textbook Figure 8-81:
VGS

2
ID = IDSS 1- where VGS = IDRS
GS(off)

From the 2N5457 datasheet:

IDSS(min) = 1.0 mA and VGS(off) =—0.5 V minimum
Ip =66.3 uA

Vgs = —(66.3 uA)(5.6 kQ) =-0.371V

Vbs =12V —(66.3 uA)(10kQ + 5.6 kQ) =11.0 V
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67. For the circuit of textbook Figure 8-82:
_ ( 3.3kQ

T l133kQ

From the equation,

j9 V =(0.248)9 V) =223V

2

ID = IDSS [A] where VGS = VG - IDRS
1- VGS(oft)

Ip is maximum for Ipssmax and Vs max, so that

Ipss = 16 mA and Vg = —8.0 V

Ip =3.58 mA

Vs =223V -(358mA)(1.8kQ)=223V-645V=-421V

68. From the 2N5457 datasheet:
IDSS(min) = 1.0 mA and VGS(fo) =—0.5 minimum

ID(min) = 66.3 ﬂA

Vbsmax) = 12 V = (66.3 #A)(15.6 kQ)=11.0V
and

Ipssmax = 5.0 mA and Visorr) = —6.0 maximum
ID(max) = 677 ﬂA

Vosmin = 12V = (677 4A)(15.6 kQ) = 1.4 V

69.  V,u=+300mV
In= (2.9 mA)(1 + 0.3 V/5.0 V)? = (2.9 mA)(1.06)* = 3.26 mA
Vs =15V = (3.26 mA)(2.76 kQ) = 15V — 8.99 V = +6.01 V

2
70. 1mA= IDSS(l—%J

GS(off)

-05V

(ImA)Ry jz
-05V
(1mA)R;
-0.5V
(1mA)R;
-0.5V
Rs =2.06 kQ
Use Rg = 2.2 kQ.
Then Ip =963 nA
Vos = Vs = (963 uA)(22kQ) =219V
So, Vp=219V+45V=662V
Rp= oV -662V =247 kQ
963 uA
Use Rp = 2.4 kQ.
So, Vps =9V —(963 uA)(4.6 kQ) =457V

2
1 mA = 2.9m(1—%j

0.345 = (1
0.587=1-

0413 =
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71.

Let Ip =20 mA.
Rp = 4V =200Q

20 mA
LetVs=2V.
Rs = 2V =100 Q

20 mA

1

K= D(on) 500 mA

Vasen ~Vosa)’ ~(10V-1V)?

Let Ip =20 mA.
20V

Ves— 1 VY= ——" =324
(Vos S T mAN?
VGS—1V:1.8V

VGSZZ.SV

Vo=Vs+28V=48V
For the voltage divider:
R _T2V_ s

R, 48V

Let R, =10 kQ.

R, =(1.5)(10kQ) =15 kQ
See Figure 8-8.

=6.17 mA/V?

Multisim Troubleshooting Problems

+H12V
o
)
:: Rl 1' 200 ﬂ
S 15k0 "_—'I(_"

<> Rz R
jilom 1000
Figure 8-8

The solutions showing instrument connections for Problems 72 through 80 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

72.

73.

74.

75.

76.

77.

78.

79.

80.

Rg shorted

Rp shorted

R shorted

R, open
Drain-source open
Rp open

R, shorted
Drain-source shorted

R, shorted
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Chapter 9
FET Amplifiers and

Switching Circuits

Section 9-1 The Common-Source Amplifier

1. (a) I;=guVe = (6000 4S)(10 mV) = 60 LA
(b) I = guVe = (6000 £8)(150 mV) = 900 LA
(©) I = gnVes = (6000 £8)(0.6 V) = 3.6 mA
(d) I = gnVe = (6000 £8)(1 V) = 6 mA

2' Av = ngd
Ri= 2 - 2% _s71k0
g, 3500 uS
3.0 A= | Bole |, - ((4'7 kQ)(leQ)}Lz mS = 14.2
Ry +7, 16.7 kQ
4. Ri= Ry | rj, =47kQ || 12kQ =338 kQ

_ g,R,  (42mS)(3.38kQ)
" 1+g,R,  1+(42mS)(1.0kQ)

5. (a) N-channel D-MOSFET with zero-bias.
VGS = 0 V
(b) P-channel JFET with self-bias.
Vgs = —IpRs = (-3 mA)(330 Q) =-0.99 V
(c) N-channel E-MOSFET with voltage-divider bias.

Vas = Ry Voo =( 4.7kO lev =384V
R +R, 14.7kQ

6. (a) VG:()V, VS:()V
VD = VDD_IDRD =15V - (8 mA)(lO kQ) =7V

(b) V=0V
Vs =—IpRp =—(3 mA)(330 Q) =-0.99 V

VD = _VDD + IDRD =—10V + (3 mA)(lS kg) =-55V

JVDD = ( 47kQ j12 V=384V

c) Vg= 2
© Vo (R1+R2 14.7kQ

VS:()V
Vo=Vpop—IpRp =12V - (6 mA)(1.0kQ)=6V
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10.

11.

12.

13.

14.

(a) n-channel D-MOSFET
(b) n-channel JFET
(c) p-channel E-MOSFET

From the curve in Figure 9-16(a) in the textbook:
Lippy =3.9 mA — 1.3 mA = 2.6 mA

From the curve in Figure 9-16(b) in the textbook:
Id(pp)z6mA—2mA=4mA

From the curve in Figure 9-16(c) in the textbook:
Id(pp)z 45 mA -1.3mA =3.2mA

Vi = Voo — IpRp = 12 V — (2.83 mA)(1.5 kQ) = 7.76 V
Vs = InRs = (2.83 mA)(1.0 kQ) = 2.83 V
Vos=Vp—Vs=7.76V—-2.83V =493V
Ves=Vo—Vs=0V-283V=-283V

A= guRi= g,(Ry | R,)=5000 uS(1.5kQ | 10kQ) = 6.52

Voptoun = (2.828)(50 mV)(6.52) = 920 mV

szngd
Ry=15kQ|1.5kQ =750 Q

A, = (5000 uS)(750 Q) = 3.75
Vour = AVin = (3.75)(50 mV) = 188 mV rms

@) A= guRi= g,(Ry | R.)=38mS(1.2kQ | 22kQ) = 3.8 mS(1138 Q) = 4.32
() A, = guRa= g.(Ry | R.)=55mS(22kQ | 10kQ) = 5.5 mS(1.8 k) = 9.92

See Figure 9-1. +15V

820 Q

10 MQ 220 Q

dc equivalent

Figure 9-1
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16.  Ves=(7.5mA)(220 Q) =1.65V
2pes _ 2(15mA)
Vst 4V
gn=(7.5mS)(1 - 1.65 V/4 V) =441 mS

g, R, _ (441mS)(820Q33kQ) (4.41mS)(657 Q)
1+g R, 1+(441mS)220Q) 14097

8mo = ‘ =7.5mS

A, = =147

17. A =g,R,= (441mS)(820Q 3.3kQ | 47kQ) = (4.41 mS)(576 Q) = 2.54

18. 1= lpss _9MA 4o A
2 2
Vas = —InRs = —(4.5 mA)(330 Q) =—1.49 V

Vbs=Vop —Ip(Rp + Rs) =9 V- (4.5 mA)(1.33kQ)=3V

19.  A=guRi= g,(Ry | R )=3700 £8(1.0kQ | 10kQ) = 3700 £S(909 Q) = 3.36
Vour =A, Vi = (3.36)(10 mV) = 33.6 mV rms

20, Vgs= Ry Voo =( 08 kQ jzov =548V
R +R, 24.8kQ

ID(on) _ 18 mA
(Vas =Vasan)?  (10V=25V)?

Ip = K(Vas — Vosan)” = 0.32 mA/V3(5.48 V — 2.5 V)’ = 2.84 mA
VDS = VDD - IDRD =20V - (284 mA)(lO kg) =172V

=0.32 mA/V?

Yas =600 MQ

21. RIN =

_|-15v
Isss| 125nA
Ry, =10 MQ | 600 MQ = 9.84 MQ

22, A,=gR,=48mS(L.OKQ[10MQ) =4.8

Vour =A, Vi, =4.8(10 mV) =48 mV rms
ID = IDSS =15 mA
Vb=24V -(15mA)(1.0kQ)=9V

See Figure 9-2.
9.068 V +68 mV
VD /\ Voul /\
9V ov

8.932 V \/ -68 mV \/

Figure 9-2
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23. VGS = R2 VDD = (@jlg V = 9 V
R +R, 94 kQ

Ipon) _ 8 mA
(Vos =Vasan)?  (12V—-4V)?
Inen = K(Vgs — Vasa)® = 0.125 mA/V3(9 V — 4 V)? = 3.13 mA
VDS = VDD - IDRD = 18 V - (3125 IHA)(IS kQ) = 13.3 V
A, = g,,Rp = 4500 1S(1.5 kQ) = 6.75
Vi =A,V;,,=6.75(100 mV) = 675 mV rms

=0.125 mA/V?>

Section 9-2 The Common-Drain Amplifier

24. R =12kQ[1kQ =545Q

_ &R (5500 uS)(545Q)
" 1+g, R 1+(5500 uS)(545 Q)
Ru= [Yos| =BV 300
Igss|  [S0pA

R, = 10 MQ H 3x10"' Q =10 MQ

25.  R,=12kQ[1kQ =545Q
g, R (3000 uS)(545 Q)

,= —oms o =0.620
1+g R 1+(3000 uS)(545 Q)
R = Yos| =2V 50 g
Isss| |50pA
Ry = 10 MQ H 3x10'" Q =10 MQ
26.  (a) Ry=47kQ|47kQ =427kQ
- guRs _ (3000 4S)4.27KQ) 1 grg
1+g,R, 1+ (3000 uS)(4.27kQ)

(b) R,=1.0kQ[100Q =90.9 Q
_g.R_ (430048)(90.9Q)
To1+g,R, 1+(4300 4S)(90.9 Q)

27.  (a) Ri=47kQ[10kQ =3.2kQ
_ &R (3000 uS)(3.2kQ)
"ol+g,R 1+(3000 4S)(3.2kQ)

(b) R,=100Q[10kQ =99 Q
g R (4300 4S)(99 Q)
" l4g, R 1+(4300 4S)(99 Q)
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Section 9-3 The Common-Gate Amplifier
28. A, = g,R;=4000S(1.5 kQ) = 6.0

29. R LI S
. in(source) 4000 IL[S

m

50 Q

30. A, =g.R,=3500uS(10 kQ) =35

Ri= Ry | (LJ =22kQ | (350(1) uSJ =253 0
g

m

31. X =27fL =27(100 MHz)(1.5 mH) = 943 kQ
A, = gmccyXr = (2800 uS)(943 k€2) = 2640

Ry,=R,|| Vs =15 MQ|| SV
1 2 nA

GSS n

= 15MQ || 500 MQ = 14.6 MQ

Section 9-4 The Class D Amplifier

A= 20V) 18V

= = 3600
5mV 5mV

32,

33. P,,=(12V)035A)=42W
P =(0.25 V)(0.35 A) + 140 mW
=87.5mW + 140 mW =227.5 mW

n= b _ 4.2 W 0.95

P +P  A2W+2275mW

out int

Section 9-5 MOSFET Analog Switching
34° VG - Vp(out) = VGS(Th)

Vp(out) = VG - VGS(Th) = 8 V - 4 V = 4 V

Vpp(in) = 2 Vp(()ut) = 2 X 4 V = 8 V
35. Sfnin =215 kHz = 30 kHz

1

36. R=_—_
fC
1 1
f=—=————— =10MHz
RC (10 kQ)(10pF)
37. ! ! 40 kQ

= fC (25 KH2)(0.001 uF)
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Section 9-6 MOSFET Digital Switching

38.

39.

40.

41.

Vou=+5VwhenV,,=0
Vor =0V whenV,,=+5V

(a) Vom =33V (b) Vout =33V
©) V=33V d) Vou =0V
(a) Vom =33V (b) Vout =0V
©) Vour=0V d) Vou =0V

The MOSFET has lower on-state resistance and can turn off faster.

Section 9-7 Troubleshooting

42.

43.

(a) Vp; = Vpp; No signal at Q; drain; No output signal

(b) Vp =0V (floating); No signal at O, drain; No output signal

(©) Vesi=0V; Vg=0V; Vp less than normal; Clipped output signal

(d) Correct signal at O, drain; No signal at O, gate; No output signal

(e) Vb2 = Vpp; Correct signal at O, gate; No O, drain signal or output signal

(a) Vo =0V if Cis open.

(b) At = guRa= 5000 4S(1.5 kQ) =7.5

= Sufe _ 7> =224
1+g,R 1+(5000 4S)470 Q)

Av=AnA, = (7.5)(2.24) = 16.8

Vou = A Vi = (16.8)(10 mV) = 168 mV

v2

(c) Vgs for Q,is 0V, so Ip = Ipss. The output is clipped.

(d) No V,,, because there is no signal at the Q, gate.

Datasheet Problems

44.

45.

46.

47.

48.

49.

The 2N3796 FET is an n-channel D-MOSFET.

(a) For a 2N3796, the typical Visom ==3.0 V

(b) For a 2N3797, VDS(max) =20V

(c) At Ty =25°C, Ppuax =200 mW

(d) For a 2N3797, Vismay =110V

Pp =200 mW — (1.14 mW/°C)(55°C - 25°C) = 166 mW
For a 2N3796 with f= 1 kHz, g,,0 = 900 4S minimum

At VGS =3.5Vand VDS =10 V,
ID(min) =9.0 mA, ID(typ) =14 mA, ID(max) =18 mA

For a zero-biased 2N3796, Ip(yp = 1.5 mA
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50. A max) = (1800 4S)(2.2 kQ) = 3.96
Advanced Problems

51 Rywin=1.0kQ| 4kQ =800 Q
Ayminy = (2.5 mS)(800 Q) = 2.0
Rimay = 1.0kQ | 10kQ =909 Q
Ayminy = (7.5 mS)(909 Q) = 6.82

52. IDSS(typ) =2.9 mA

Rp + Rs = 12V =4.14 kQ

2.9 mA
T__ 1 50
g, 2300 uS

If Rs =0 Q, then Rp = 4 kQ (3.9 kQ standard)

A, = (2300 uS)(3.9 k) = 8.97

Vbs =24V -(29mA)39kQ)=24V-113V=127V

The circuit is a common-source zero-biased amplifier with a drain resistor of 3.9 kQ.

53. To maintain Vpg = 12 V for the range of Ipgs values:
For IDSS(mjn) =2 mA
12V

Rp=——— =6kQ
2 mA

For IDSS(max) = 6 mA
Ry= 2V _oko
6 mA

To maintain A, = 9 for the range of g,,(y;) values:
For gm(min) = 1500 ﬂs

-2 _6ka
1500 S

For g,umax) = 3000 4S

= 9 =3kQ
3000 uS +24V

D

D

. . A . . 2.2k}
A drain resistance consisting of a 2.2 kQ fixed resistor

in series with a 5 kQ variable resistor will provide

more than sufficient range to maintain a gain of 9 over Sk0

the specified range of g,, values. The dc voltage at the (_o

drain will vary with adjustment and depends on Ipss.

The circuit cannot be modified to maintain both Vpg = c...' 2N3797
12 V and A, =9 over the full range of transistor

parameter values. See Figure 9-3.

Figure 9-3
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Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 54 through 62 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

54. Drain-source shorted
55. C, open
56. C, open

57. Rg shorted

58. Drain-source open
59. R, open
60. Rp open
61. R, open
62. C, open
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Chapter 10
Amplifier Frequency Response

Section 10-1 Basic Concepts

1.

If C, = C,, the critical frequencies are equal, and they will both cause the gain to decrease at
40 dB/decade below f..

At sufficiently high frequencies, the reactances of the coupling capacitors become very small
and the capacitors appear effectively as shorts; thus, negligible signal voltage is dropped
across them.

BJT Cbea Cbca and Cce
FET: C,,, C,4 and Cy;

Low-frequency response: Cj, C,, and C5
High-frequency response: Cj, Cp,, and C,,

Vpz | L VCC—O.7V=(4'7kQ Jzov -0.7V=179V
R +R, 37.7kQ
Ve LTV g
R, 560Q
p=2" 780
3.2mA
R, 22kQ|5.6kQ
A= o= =202
T 7.8 Q

Cin(mi[ler) = Chc(Av + 1) =4 pF(202 + 1) =812 pF

1 2
Caut(miller) = Chc [AVT-i-J =4 pF(F?;j =4 pF

Ip =3.36 mA using Eq. 9-2 and a programmable calculator.
Ves =—(3.36 mA)(1.0kQ)=-3.36 V

gmo = M =2.5mS
8V
gn=(2.5mS) (1 - 3'337\]) =1.45mS

A, = guRs=(1.45mS) (1.0kQ | 10kQ) =1.32
ng = Cr‘ss =3 PF
Cin(miller) = ng(Av +1)=3 pF(232) =6.95 pF

+1 2.32
Cout(miller) = ng(AVAV J =3 pF(EJ =5.28 pF
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Section 10-2 The Decibel

out 5W =10

P 05W

m

8. A=

Apap) = IOIOgK%J =10log 10=10dB

in

9. V,~,,=M=I'2—V=24mVrms
A, 50

Av(dB) =20 log(Av) =20 log 50=34.0dB

10. The gain reduction is 20 log(%j =-8.3dB

11. (a) 10log ZLWJ =3.01 dBm
I mW
(b) 10log ﬂj =0dBm
1 mW
(c) 10log MJ =6.02 dBm
I mW
(d) 10log 025—ij =-6.02 dBm
I mW
12. Ve = 4.7k 20V =179V
37.7kQ
Ig= LV =3.20 mA
560 Q
=MV g0
3.2mA
56kQ|2.2kQ
A =———— =202
7.81Q

Av(dB) =20 10g(202) =46.1dB
At the critical frequencies,
Av(dB) = 461 dB - 3 dB = 43.1 dB

Section 10-3 Low-Frequency Amplifier Response

1 1

27RC  27(100 Q)(5 uF)
1 1

27RC 27(1.0kQ)(0.1 uF)

13. (@) f= - 318 Hz

(®) fo= =1.59 kHz
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14. RIN(BASE) = ﬁDCRE = 125 kg

R| R
Vi = | Runs 9V -0.7 Vz[ 47K 125 k2 J9V—0.7V= 13V
R+ R, | Rygasey 12kQ+4.7kQ | 12.5 kQ

= Ye 13V A
R, 100Q

p=2MV 90
13mA

Risbase) = Ber2 = (125)(1.92 Q) =240 Q
Riy=50 Q + Riyguse)| Ry | R, =50Q+240Q | 12kQ | 47kQ =274 Q

For the input circuit:
1 1

ﬁ. = = =581 Hz
27R, C,  27m(274 Q)(1 uF)

For the output circuit:

Je 1 1 =177 Hz

T 27(Ro+R,)C;  27(900 Q)(1 4F)

For the bypass circuit:

Riu=R | R, | R =12kQ | 47kQ[50Q =493 Q
_ 1 ~ 1

Je = 2707 + Ry / Boc: | Re)Co 27231 Q)(10 44F)

_ R R, _220Q]680Q

Y 192Q

e

A,ap) =20 log(86.6) = 38.8 dB
The bypass circuit produces the dominant low critical frequency. See Figure 10-1.

=6.89 kHz

A, =86.6

A, (dB)

—20 dB/decade

—40 dB/decade

‘?7 f(H2)

—60 dB/decade

Figure 10-1
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15.

16.

17.

From Problem 14:

Av(mid) = 866

Aymiay (dB) =38.8 dB

For the input RC circuit: f, =578 Hz
For the output RC circuit: f.=177 Hz
For the bypass RC circuit: f. = 6.89 kHz

The f, of the bypass circuit is the dominant low critical frequency.

Atf=f. = 6.89 kHz:
Ay = Ay — 3 dB = 38.8 dB — 3 dB = 35.8 dB
Atf=0.1f:

A,=38.8dB—20dB =18.8 dB

At 10f. (neglecting any high frequency effects):

Av = Av(mid) = 38.8 dB
Atf=f.=Xc=R
0= tan_l(%j = tan "' (1) =45°

Atf=0.1f,, Xc = 10R.
6= tan"'(10) = 84.3°
Atf=10f., Xc = 0.1R.
f=tan'(0.1) = 5.7°

Vs =200 MQ

Rin(gate) = 50 nA

_‘—10\/

IGSS
Ri= R | R

in(gate)
For the input circuit:

1 1
fe

For the output circuit:

m

=10MQ | 200MQ =9.52 MQ

= = =3.34
27R,C,  2m(9.52MQ)(0.005 uF)

=3.01 kHz

1 1
f=

27(Ry + R)C,  272(560 Q +10k)(0.005 £iF)

The output circuit is dominant. See Figure 10-2. (A, is determined in Problem 18.)

4,(dB)

8.47

Figure 10-2
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_2(15mA)
==y -
Avniay= 8, (Rp | R,) =5mS(560Q | 10kQ) =2.65
Aymiay (dB) = 8.47 dB

18. &m=8mo 5 mS

At f.
A,=847dB-3dB=5.47dB
At 0.1f:
A,=847dB-20dB=-11.5dB
At 10f;:

A, = A,miagy = 8.47 dB (if 10f, is still in midrange)

Section 10-4 High-Frequency Amplifier Response

19. From Problems 14 and 15:
7‘; =1.92 Q and Av(mid) =86.6

Input circuit:
Cin(miller) = CbL'(Av + 1) = 10 PF(876) = 876 PF

Ciot = Cp +Ciyitery = 25 pF + 876 pF =901 pF
fe= ! y = ! =4.32 MHz
22(R, | R | R, | B.7)C,, 27(50Q] 12kQ| 4.7 kQ| 240Q)901 pF
Output circuit:
+1 87.6
Comtmiten = G| 2L | =10 pF(—j ~ 10.1 pF
A, 86.6
1 1
f.= = =94.9 MHz
2”Rccout(miller) 2”(1 66 Q)(IO 1 pF)
Therefore, the dominant high critical frequency is determined by the input circuit:
f.=4.32 MHz. See Figure 10-3.
A, (dB)
388 20 dB/decade
i —40 dB/decade
0 432 949 N J(VIH2)
Figure 10-3
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21.

22,

Chapter 10

At f=0.1f. =458 kHz:
Av = Av(mid) = 38.8 dB
Atf=f.=4.58 MHz:
A, =Aymigg—3dB =38.8dB -3 dB =35.8dB
At f=10f.=45.8 MHz:
A, =Aymigy— 20 dB =38.8dB - 20 dB =18.8 dB
At f=100f, =458 MHz:
The roll-off rate changes to —40 dB/decade at f = 94.6 MHz. So, for frequencies from
45.8 MHz to 94.6 MHz, the roll-off rate is —20 dB/decade and above 94.6 MHz it is
—40 dB/decade.
The change in frequency from 45.8 MHz to 94.6 MHz represents
94.6 MHz —-45.8 MHz
458 MHz -45.8 MHz
So, for 11.8% of the decade from 45.8 MHz to 458 MHz, the roll-off rate is —20 dB/decade
and for the remaining 88.2% of the decade, the roll-off rate is —40 dB/ decade.
A,=18.8dB —(0.118)(20 dB) — (0.882)(40 dB) = 18.8 dB — 2.36 dB — 35.3 dB =-18.9 dB

x 100% = 11.8%

Cys= Cyy =4 pF

Cos=Cis— Cry=10pF -4 pF = 6 pF

Input circuit:

Cin(miller) = ng(Av + 1) = 4 pF(265 + 1) = 146 pF
Coi = Cgs +C, =6 pF + 14.6 pF =20.6 pF

in(miller)

1 1
" 27RC. 27(600 Q)(20.6 pF)

s tot

£ =12.9 MHz

Output circuit:
_ A +1) 265+1)
Caut(miller) = ng( Av =4 pF 265 =5.51 pF

1 1
~ 27R,C T 272(530 Q)(5.51pF)

The input circuit is dominant.

54.5 MHz

f.

out(miller)

From Problem 21: For the input circuit, f. = 12.9 MHz and
for the output circuit, f, = 54.5 MHz.
The dominant critical frequency is 12.9 MHz.
Atf=0.1f.=1.29 MHz: A, = A,uia) = 8.47 dB, 6=0°
Atf=f.=129MHz: A, =A,usy—3dB=847dB-3dB=547dB, 6= tan"'(1) = 45°
At f=10f. =129 MHz:
From 12.9 MHz to 54.5 MHz the roll-off is =20 dB/decade. From 54.5 MHz to 129 MHz the
roll-off is —40 dB/decade.
The change in frequency from 12.9 MHz to 54.5 MHz represents
54.5 MHz -12.9MHz % 100% = 35.8%
129 MHz -12.9MHz
So, for 35.8% of the decade, the roll-off rate is —20 dB/decade and for 64.2% of the decade,
the rate is —40 dB/decade.

A, =547 dB - (0.358)(20 dB) — (0.642)(40 dB) =-27.4 dB
At f=100f, = 1290 MHz: A, =-27.4dB -40dB =-67.4dB
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Section 10-5 Total Amplifier Frequency Response

23.

24,

25.

26.

f.=136 Hz
fo.o=8 kHz

From Problems 14 and 19:
feu=4.32 MHz and f,, = 6.89 kHz
BW=f.,—f.,=4.32 MHz - 6.89 kHz = 4.313 MHz

fz:ot = (BW)Av(mid)
W= Ju_ _200MHz _ o iHy
Av(mid) 38

Therefore, f., = BW = 5.26 MHz

6 dB/octave roll-off:

At 2f.,: A,=50dB -6dB =44 dB
At4f.,: A,=50dB -12dB =38 dB
20 dB/decade roll-off:

At 10f,: A,=50dB-20dB =30dB

Section 10-6 Frequency Response of Multistage Amplifiers

27.

28.

29.

30.

31.

Dominant f, =230 Hz
Dominant f’ =1.2 MHz

cu

BW = 1.2 MHz - 230 Hz = 1.2 MHz
400Hz _ 400 Hz
Y22 _1  0.643

£, = (800 kHz)v/2"* -1 = 0.643(800 kHz) = 515 kHz
BW =515 kHz — 622 Hz = 514 kHz

£ = =622 Hz

lel _ 50Hz _ 50Hz _ 98.1 Hz
\/21/3_1 0.510
fc/1= 125Hz _ 125Hz — 194 Hy

J22 1 0.643
£, 2.5 MHz
BW = 2.5 MHz — 194 Hz = 2.5 MHz
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Section 10-7 Frequency Response Measurements

32, £= 2P0 a5y,
t 1ms
fou= —0'35 = 0.35 =17.5 MHz
t 20 ns

r

33. Increase the frequency until the output voltage drops to 3.54 V (3 dB below the midrange

output voltage). This is the upper critical frequency.

34. t,=3div x5 us/div =15 us
tr= 6 div X 0.1 ms/div = 600 us

fi= 0.35_ 035 _ 583 Lz
t, 600 us

Jeu= 035 _035 _ 23.3 kHz
f, 15 us

BW =233 kHz - 583 Hz = 22.7 kHz

Application Activity Problems

35. Q) stage:

1 1
f;‘l(input) = = =2.55Hz
27(R|R, | B. RIC, 27(62.3kQ)I uF
1 1
f;‘l(hypass) = = =159Hz
27R,C, 27m(1kQ)10 uF
1 1
ﬁ'l(uurput) = =
27(Rs + Ry||R, | B,. (R, + R)C;,  27(37 kQ)1 pF
0, stage:
1 1
ﬁ'l(input) = =
27(Rs| Ry | R, | B.. (R, + R)C;  27(8.9 kQ)1 4iF
f;‘l(hvpass) = ! = ! =0.006 Hz
' Re||R, 272(208 Q)100 4F
27| Ry + C,
1 1
ﬁ'l(uutput) = = 445 Hz

27(R, +R)C,  27(35.8 kQ)I uF

The dominant critical frequency of 15.9 Hz is set by the Q, bypass circuit.

=4.30Hz

=179 Hz

36. Changing to 1 uF coupling capacitors does not significantly affect the overall bandwidth
because the upper critical frequency is much greater than the dominant lower critical

frequency.
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37. Increasing the load resistance on the output of the second stage has no effect on the dominant
lower critical frequency because the critical frequency of the output circuit will decrease and
the critical frequency of the first stage input circuit will remain dominant.

38. The Q, stage bypass circuit set the dominant critical frequency.

1 1
ﬁ'/(bypass) = = =159 Hz
27R,C, 2w k)10 uF
This frequency is not dependent on £, and is not affected.

Datasheet Problems

39. Cingon = (25 + 1)4 pF + 8 pF =112 pF

40.  BWy,= Jr -0OMHz oy,

Av(mid ) 50

41. Coa=C,s =13 pF
Cos=Cis— Criy=5pF - 1.3 pF =3.7 pF
Cis=Cy—Cry=5pF-13pF=3.7pF

Advanced Problems

42. From Problem 12: r, =7.81 Q and I = 3.2 mA

Ve=20V-32mA)2.2kQ)=13V dc
The maximum peak output signal can be approximately 6 V.
The maximum allowable gain for the two stages is

T 1414010 mV)
For stage 1:
R.=22kQ33kQ | 4.7kQ | (150)(7-81Q) =645 Q
6450 o
7.81Q
For stage 2:
R.=22kQ|[5.6kQ = 1.58 kQ
_Lssko
7.81Q

Avon = (82.6)(202) = 16,685

The amplifier will not operate linearly with a 10 mV rms input signal.
The gains of both stages can be reduced or the gain of the second stage only can be reduced.
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43.

One approach is leave the gain of the first stage as is and bypass a portion of the emitter
resistance in the second stage to achieve a gain of 424/82.6 = 5.13.

A, = R, - =5.13
R, +1,
R R, ~513r/ _1.58kQ-40.1Q 3000
5.13 5.13

Modification: Replace the 560 Q emitter resistor in the second stage with an unbypassed
300 Q resistor and a bypassed 260 Q resistor (closest standard value is 270 €).

From Problems 17, 18, and 21:
Coi = Cgs +C, =20.6 pF

in(miller)

2.65+1
2.65

Caut(miller) = 4 pF(
Stage 1:
fcl(in) =

j =5.51 pF

1 1
= =13.
2R, C,  27(9.52 MQ)(0.005 4F)
f;‘l(out) = ! = 3.34 Hz since Rin(Z) >> 560 Q
271(9.52 MQ)(0.005 uF)
f;‘u(in) = ! = 129 MHz
27(600 €2)(20.6 pF)
ﬁ'u(aut) = ! = 109 MHz
272(560 ©)(20.6 pF + 5.51 pF)

Stage 2:
Setiny =

34 Hz

1 1
= =13.
27R, C,  27(9.52 MQ)(0.005 1F)

Settouny = ! =3.01 kHz
27(10.6 kQ)(0.005 uF)

ﬁ'u(in) = ! = 109 MHz
277(560 ©)(20.6 pF + 5.51 pF)

f;‘u(out) = 1 = 545 MHz
271(560 Q|| 10 kQ)(5.51 pF)

Overall:
f;‘l(in) =3.34 kHz andfw(,-,,) =10.9 MHz
BW=10.9 MHz

34 Hz
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44. Ry, = 22kQ (100)(320 Q) = 13kQ

13kQ
Ve = | ——= 112V =1.38, Viyy = 0.681 V
B (1131@} =

wn= 28V o 13mA, = 1170
20 Q
Ry = 4.7kQ| 33kQ | 22kQ|| (100)(100 Q) =2.57 kQ
2.57kQ
v(1) = 5 = 23
112Q

Rixo = 22kQ| (100)(1010 Q) = 18 kQ

18kQ
Voo = | 212V =424, Vi =354V
B (511@} Em

EQ) = 3.54V =3.51 IIlA, re' =7.13Q
1.01kQ
Ry=3kQ|10kQ =231kQ
A= % = 24 maximum
107.13Q
231kQ

=2.27 minimum

Ao =

101kQ +7.13Q

Ao = (23)(24) = 552 maximum

Avon = (23)(2.27) = 52.3 minimum

This is a bit high, so adjust R, to 3 k€2, then
3kQ | 22kQ | 33kQ 101kQ

= =214

Ay =
o 1129

Now,

Aon = (21.3)(24) = 513 maximum

Ayon = (21.3)(2.27) = 48.5 minimum

Thus, A, is within 3% of the desired specifications.

Frequency response for stage 1:
Riy= 22kQ[ 100kQ | 32kQ = 11.5kQ

Serimy = ! =1.38 Hz
272(11.5kQ)(10 uF)

Repiner = 220 Q | (100 Q +11.7 Q +(22 kQ || 100 kQ/100) = 125 Q

! =12.7Hz
27(125 Q)(100 uF)

Rou=3KQ+ (33kQ[ 22kQ| (100)(107 Q) =8.91kQ

1
=1.
27(8.91kQ)(10 uF)

Settwypass) =

79 Hz

f;‘l(out) =
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Frequency response for stage 2:
Jeinmy = 1.79 Hz (same as fy.s for stage 1)
Ry =3kQ +10kQ =13 kQ

! =1
27 (13 k)(10 uF)
This means that Cg(, is the frequency limiting capacitance.
Reniner 910Q[ (100 Q+7 Q+ (22kQ | 33kQ | 3kQ)/100) = 115 Q

Setcoun = 22 Hz

For f) =1kHz:
1
Cro) = =138 uF
O = 52115 Q)(1 kHz) H
1.5 4F is the closest standard value and gives
1
ﬁ'/(bypuss) = = 922 Hz

2115 Q)(1.5 uF)
This value can be moved closer to 1 kHz by using additional parallel bypass capacitors in
stage 2 to fine-tune the response.

Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 45 through 48 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

45. Rc open

46. Output capacitor open

47. R, open

48. Drain-source shorted

103



Chapter 11
Thyristors

Section 11-1 The Four-Layer Diode

1.

Vo= Ve + VCE(sa[) =07V+02V=09V
Vi =Vais —Va =25V =09V =241V

1%
I = - _ 241V =24.1 mA
R, 1.0kQ
(@) Rak = Y BV s m0
I, 1uA

(b) From 15 V to 50 V for an increase of 35 V.

Section 11-2 The Silicon-Controlled Rectifier (SCR)

3.

4.

See Section 11-2 in the textbook.

Neglecting the SCR voltage drop,

R, =20V=07V _,e3ko

10 mA

When the switch is closed, the battery V, causes illumination of the lamp. The light energy
causes the LASCR to conduct and thus energize the relay. When the relay is energized, the
contacts close and 115 V ac are applied to the motor.

V. | Lamp on Lamp on

inl

o onn

LASCR on off LASCR on off

See Figure 11-1.

Figure 11-1
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Section 11-3 SCR Applications

7. Add a transistor to provide inversion of the negative half-cycle in order to obtain a positive
gate trigger.

8. D, and D, are full-wave rectifier diodes.

9. See Figure 11-2.

Section 11-4 The Diac and Triac

10. Vi = 1414V, = 141425 V) =354 V

3535V
Ip= ‘/in(p)z m =354 mA

Current at breakover = 20—V =20 mA
1.0kQ

See Figure 11-3.
35.4 mA

20 mA

-20 mA

-35.4 mA

Figure 11-3
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15V

11. b = =3.19 mA
4.7kQ
See Figure 11-4.
319mAF----~-
ImA|------ ---
0
-1 mA
-3.19 mA
Figure 11-4

Section 11-5 The Silicon-Controlled Switch (SCS)
12. See Section 11-5 in the text.

13. Anode, cathode, anode gate, and cathode gate

Section 11-6 The Unijunction Transistor (UJT)

o 25kQ
o+, 25kQ+4kQ

4. 7p= = 0.385

15. V,=nVes+V,,=0.385(15V)+0.7V =648V

Vg =V, Vg =V
16. BB v R <P
I, I,
12V -08V 12V-10V

<R, <
15 mA 10 uA
747 Q <R, < 200 kQ

Section 11-7 The Programmable UJT (PUT)

R
17. (@) Va= Vg +0.7V=(%J20V +07V=979V
R, + R, 22kQ
R
(b) Va= 2 VB+O.7V:(MJ9V +0.7V=52V
R, + R, 94 kQ
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18. (a) From Problem 17(a), Vo =9.79 V at turn on.

I= 9.9V =20.8 mA at turn on
470 Q
=10V 13ma
470 Q
See Figure 11-5.
0V -—————
979V -——~—
L
W/ o :
I |
| |
0 1 |
| |
| |
| |
| |
| |
| |
| |
| |
| |
2M3mA L1
208mA 1~ -
1
0
Figure 11-5
(b) From Problem 17(b), VAo =5.2 V at turn on.
= 52—V = 15.8 mA at turn on
330Q
=20V _303mA
330Q
See Figure 11-6.
10V----
Va
52vV-Af-----
| I
| |
0 | 1
| |
| 1
| 1
| 1
| 1
| 1
| 1
| 1
303mA - 1- 5 |
I i
158mA —--—-——-—
0
Figure 11-6
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R
19. Va = 3 6V+0.7V:(%jév +0.7V =3.7V at turn on
R, + R, 20kQ

Vri = Va=3.7V at turn on.
See Figure 11-7.

ApproxSV———Jl-—
Approx 3.7V ——
Vri
0
Figure 11-7
20. Va= % 6V+07V
25 kQ
=4.3V at turn on
V, =V, =43V

See Figure 11-8.

Approx 5V—-———I- !
Approx 43V ———
VRI
0

Figure 11-8
Application Activity Problems
21. The motor runs fastest at 0 V for the motor speed control circuit.
22. If the rheostat resistance decreases, the SCR turns on earlier in the ac cycle.

23. As the PUT gate voltage increases in the circuit, the PUT triggers on later in the ac cycle
causing the SCR to fire later in the cycle, conduct for a shorter time, and decrease the power
to the motor.
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Advanced Problems

24. D;: 15V zener (1N4744)
Ri: 100Q,1W
Ry: 100Q,1W

25.

26.

Q;: Any SCR with a 1 A minimum rating (1.5 A would be better)
Ry 150Q,1W

See Figure 11-9.
O—/ o—(\,

AC Input

c e

I(max)=15A

DC Supply

1N4735

15Q1,W

150Q1W

Figure 11-9

V,=nVes+V,, =(0.75)(12 V) + 0.7V =9.7V
I,=10mA and I, =20 uA
12V-9.7V

Ri<————— =115kQ
20 uA
S12V-IV o
10 mA

Select R; =51 kQ as an intermediate value.

During the charging cycle:
V(t) = Ve — (Vg =V, )e "5
97V=12V—- 12V -1V)e /R
t, (2.3 \%
- =In
R,C 11V
t=— Rlcm(—zl'f’;’j =1.56R,C =79.8 x 10°C
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During the discharging cycle (assuming R, >> Rg)):
V()= Ve— (Ve =Vy)e 2%
1V=0V-(0V=-93V)e"/*C

1 —ln[ 1v j
R,C \93V
fh= —R2Cln(9l3—vvj =2.23R,C

Let R, = 100 kQ, so 1, = 223 x 10°C.
Since f=2.5 kHz, T =400 us
T=t,+1=79.8x10°C+223 x 10°C =303 x 10°C = 400 us

4
c= 20K 60013 uF
303107

See Figure 11-10.

Multisim Troubleshooting Problems

+12V

Figure 11-10

The solutions showing instrument connections for Problems 27 through 29 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be

accessed using the password book (all lowercase).

27. Cathode-anode shorted
28. Gate-cathode open
29. R, shorted
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The Operational Amplifier

Section 12-1 Introduction to Operational Amplifiers

1.

Practical op-amp: High open-loop gain, high input impedance. low output impedance, and
high CMRR.

Ideal op-amp: Infinite open-loop gain, infinite input impedance, zero output impedance, and
infinite CMRR.

Op amp 2 is more desirable because it has a higher input impedance, a lower output
impedance, and a higher open-loop gain.

Section 12-2 Op-Amp Input Modes and Parameters

3.

10.

(a) Single-ended differential input
(b) Double-ended differential input
(c) Common-mode

CMRR (dB) =20 log(250,000) = 108 dB

A
CMRR (dB) =20 10g(A—”’J =20 1%%} =120 dB

cm

CMRR = Ao
AL‘m
A - A, 90,000

CMRR 300,000

83 UuA+7.9 uA

=8.1 A

I BIAS =

Input bias current is the average of the two input currents. Input offset current is the
difference between the two input currents.

Ios = [8.3 A —7.9 uA| = 400 nA

24V
15 us

Slew rate = =1.6 V/us

A
At = You __20V =40
slewrate 0.5 V/us
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Section 12-4 Op-Amps with Negative Feedback

11. (a) Voltage-follower
(b) Noninverting
(c) Inverting

b g R _loke
R, +R, 101kQ

Vi= BV, = (9.90 X 107)5 V =0.0495 V = 49.5 mV

=990x 107

] 1
13.  (a) Ayop = —= =
@ Adon = 2= 151575615k

(b) Vout = Acl(NI)Vin = (374)(10 mV) =3.74 V rms

(c) V= & 3.74V =9.99 mV rms
561.5kQ

1 1
W @ Aan= g sk
() Ao = %: 10 kQ/i.Ol Mo -
(©) Adow = %: 47kQ/ 1224.7 o T8
! 1
(@ Aaon = 4 =1 k/23k0

Rf
15. (a) 1+ e = A

Rf= Ri(Acl(NI) - 1) = 10 kQ(SO - 1) = 49 kQ

Rf
(b) R_l = Acl(l)

Rf= _Ri(Acl(I)) = —10 kQ(—300) = 3 MQ
(C) Rf= Ri(Acl(NI) - 1) = 12 kQ(7) = 84 kQ
(d) Ry=—-Ri(Auw) =—2.2 kQ(-75) = 165 kQ

16. (a) Acve =
R 100 kQ
b) Augy = —| —= -
®) oo (R ] IOOkQ
1
(c) Aaan = =22

=

1
R _( 47kQ
+R, | \4TkQ+10MQ

330 kQ
d) A= —| L |=- =-10
(@) Aao (R,.] (331<ng

>d
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17. (@) Vo=V, =10 mV, in phase

R
(0) Vour=AuVin = — [R—fJVM =—(1)(10 mV) =-10 mV, 180° out of phase

1 1
©) Vou=V,=| ——— |V, = | —=——= |10 mV =223 mV, in phase

" R " [ 47 kQ j
R+ Rf 1047 kQ

R.
(d) Vo= - L Vi, =— 330kQ 10mV =-100 mV, 180° out of phase
R, 33kQ
V. 1V
18. a) [,,= 2= =455 uA
@ R, 22kQ #

(b) I;=1, =455 pA
(C) Vout = _IfRf: _(455 ,UA)(22 kQ) = —10 V

R, 22kQ
d) Agp = —| =L |=- =-10
@ dew (R.] (2.21@)

l

Section 12-5 Effects of Negative Feedback on Op-Amp Impedances

19. (a) B= 27K =0.0048
562.5 kQ
Zinany = (1 + Ap)Ziy, = [1 + (175,000)(0.0048)]10 MQ = 8.41 GQ
Z
ZowNy = o = 750 = 89.2 mQ
1+A,B 1+ (175000)(0.0048)
) B= 2K 031
48.5kQ
Zinay = (1 + AuB)Z;, = [1 + (200,000)(0.031)]1 MQ = 6.20 GQ
Z
ZouNy = o = 250 =4.04 mQ
1+A,B 1+(200,000)(0.031)
(© B= K2 _ 053
1.056 MQ
Zin(NI) = (1 + AO[B)Zm = [1 + (50,000)(0053)]2 MQ = 5.30 GQ
Z
Zout(NI) = out 209 19.0 mQ

1+ A, B 1+(50,00000.053)
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20.  (a) Zuwe = (1 +An)Z;, = (1+220,0006 MQ =1.32x 102 Q = 1.32 TQ

z 100 Q
Zoavpy = —24 = = 455 §Q
“DT14A,  1+220,000 ~

() Zinwr = (1 + A)Z;, = (1 +100,000)5 MQ =5 x 10" Q = 500 GQ
Z
w009 00 uQ
1+ A, 1+100,000

Zout(VF) =

(C) Zin(VF) = (1 + Aol)Zin = (1 + 50,000)800 kQ =40 GQ

Z
Zow(VF) = o = 5Q =1.5mQ
1+A, 1+500,000
21. (@) Zyp=Ri =10 kQ
R.
= = 10k =0.0625
R +R, 160kQ
Zuut(l) = ZUM = 40Q = 5.12 mQ
1+A,B 1+(125,000)(0.0625)
(b) Zin(l) = R,' =100 kQ
B= 100 kQ 0,091
1.1MQ
Zuut(l) = Zout = S0€Q = .32 mQ
1+A,B 1+(75,000)(0.91)
(C) Zin(I) = R,‘ =470 Q
= ﬂ —=0.045
10,470 Q
Zuut(l) = ZUM 709 = 6.22 mQ

1+A,B  1+(250,000)(0.045)

Section 12-6 Bias Current and Offset Voltage

22. (a) Reomp = Ri =75 Q placed in the feedback path.
los = |42 uA — 40 uA| =2 uA

(b) Voureron = AdosRin = (1)(2 uA)(75 Q) = 150 uvV

23. (@) Ro=R;| R, =27kQ[560kQ =2.69 kQ Ni}»
(b) R.= R, | R, =1.5kQ[ 47kQ =145 kQ &;
(©) Re= R; | R, =56kQ[ 1.0MQ =53 kQ L W
See Figure 12-1. V. o ARACA +
Figure 12-1
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25.

VOUT(error) = AvVIO = (1)(2 nV) = 2 nV

Vouterron = (1 + As)Vio
V
OUT(erron) _ 35mV 175 nV
A 200,000

VIO =

ol

Chapter 12

Section 12-7 Open-Loop Frequency and Phase Responses
26. A,=120dB -50dB =70 dB

27. The gain is ideally 175,000 at 200 Hz. The midrange dB gain is
20 log(175,000) = 105 dB
The actual gain at 200 Hz is
A,ap=105dB -3dB=102dB

A, = log™ (QJ = 125,892
20
BW,; =200 Hz
8. Je_Xc
f R
R .
Xo= fo _ (LOKQ)SKHZ) _ o)
f 3kHz
1%
29.  (a) v = ! == ! — =0.997
in {4 i 14 ( 1kHz
1. 12 kHz
(b) You _ ! = ! =0.923
Vin [ ? 1+(5ksz2
A 12 kHz
(© Vou _ ! = ! =0.707
in ! f 2 1+ (12 kHz :
A 12 kHz
(d) Vou _ ! = ! =0.515
in ] f 2 1+ (20 kHz :
A 12 kHz
(e You _ ! = ! =0.119
Vin [ ? 1+(100ksz2
A 12kHz
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al(mld)

30 (a) Ay = =179,603
100Hz \
1+
1kHz
L(al)
(b) A, = A i mia) 80,000 — 56,569
1kHz )’
1+
1kHz
L(al)
() A, = A i mia) 80,000 _ 7960
10kHz
1+
1kHz
L(al)
(A) Ay= ——to == 50,000 — =80
. 7 \/H(IMsz
fc(ol) 1kHz
31. (a f.= ! =1.59 kHz; 0= tan™ S =tanl(ﬁj =-51.5°
2RC  22(10kQ)(0.01 4F) f. 1.59 kHz
) fo= —— = ! ~159KkHz 0= tan”| L =tan—l[ﬂj =-7.17°
27RC  27(1.0kQ)(0.01 4F) f. 15.9kHz
() f.= ! =159 Hz; 0= tan™'| - =tan_1[ 2kHz j =-85.5°
2RC  272(100 kQ)(0.01 4F) f. 159 Hz
2. (@ 0=tan"| L |=@n [ 120H2 ) _ 6740
f. 8.5kHz
(b) &= tan™ S =tan"' 400 Hz =-2.69°
f. 8.5kHz
(c) 0= tan™ S =tan"' 830 HZJ =-5"71°
f. 8.5kHz
(d) 6= tan™ S =tan"' 8 5kHZj =-45.0°
f. 8.5kHz
(e) 0= tan™ S =tan"' 25 kHZj =-71.2°
f. 8.5kHz
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(f) 6= tan™ [iJ = tan _1( 85 kHz j =—84.3°
I 8.5 kHz

c

See Figure 12-2.

0 100 1000 10,000 100,000
— f(Hz)
15 \\
-30
45
~60 \\
75
N
90 ~—
Y
O (degrees)
Figure 12-2
33. (a) Aoigmiay=30dB +40dB + 20 dB =90 dB
(b) 6= —tan™ S —tan™! IOkHZj =—86.6°
7. 600 Hz
6= —tan™ A P 10kHZJ =-11.3°
7. 50 kHz
6= —tan™ S =—tan”' 10kHz j =-2.86°
7. 200 kHz

B = —86.6° — 11.3° —2.86° — 180° = -281°

34. (a) 0 dB/decade
(b) —20 dB/decade
(c) —40 dB/decade
(d) —60 dB/decade

Section 12-8 Closed-Loop Frequency Response

R
35. (a) Acl(l) = - (R_fJ = —[ 26821;2} = —309, Acl(l) (dB) =20 10g(309) =29.8 dB
1 1

(b) Acl(Nl) =

-=—— = 157, Ac dB) =20 log(15.7) = 23.9 dB
B 15kQ/235kQ o (dB) g(15.7)

(©) Auwr =1; Auwr(dB) =201og(1)=0dB
These are all closed-loop gains.

36. BW. = BWy(1 + BAypmiay) = 1500 Hz[1 + (0.015)(180,000)] = 4.05 MHz
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37. A, (dB) =89 dB

A, =28,184
AL‘Iﬁ'(CZ) = Aolfc(al)
A
A= ol (ol _ (28,184)(750 Hz) 3843
For 5.5kHz
A, (dB) =20 log(3843) =71.7 dB
A
38, A= ol el _ (28,184)(750 Hz) 3843

Fon 5.5kHz
fr=Adfue = (3843)(5.5 kHz) = 21.1 MHz

39. (@) Agvp =1
fr 28 MHz

BW=f.n=—"—= =2.8 MHz
Jeten A 1
100 kQ
b) Aup= — =-45.5
(b) Acq )
BW = M =61.6 kHz
45.5
12kQ
c) Agnn =1+ =13
(©) Adew 1.0kQ
pw=23MUZ s kg
13
1MQ
d) Ayp = — =-179
@ Aw =500
pw=23MIZ s o ki
179
40. (a) Ay = 150 k€ =6.8
22kQ
A f.
Fe = ot eton) _ (120,000)(150 Hz) — .65 MLz
A, 6.8
BW =fc(cl) =2.65 MHz
(b) A= 1L.OMQ =100
10kQ
A f.
ﬁ-(c[) — ol J c(ol) _ (195,000)(50 HZ) _ 975 kHZ
A, 100

BW =fc(cl) =97.5kHz
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Section 12-9 Troubleshooting

41. (a) Faulty op-amp or open R,
(b) R, open, forcing open-loop operation

42. (a) Circuit becomes a voltage-follower and the output replicates the input.
(b) Output will saturate.
(c) No effect on the ac; may add or subtract a small dc voltage to the output.

(d) The voltage gain will change from 10 to 0.1.

43. The gain becomes a fixed —100 with no effect as the potentiometer is adjusted.

Application Activity Problems

44. The push-pull stage will operate nonlinearly if a diode is shorted, a transistor is faulty, or the op-
amp stage has excessive gain.

45. If a 100 kQ resistor is used for R,, the gain of the op amp will be reduced by a factor of 100.

46. If D, opens, the positive half of the signal will appear on the output through Q; and Q. The
negative half is missing due to the open diode.

Datasheet Problems
47. From the datasheet of textbook Figure 12-77:
=402 0099
47kQ+470Q

A, =200,000 (typical)
Zin=2.0 MQ (typical)
Zinan = (1 +0.0099)(200,000)(2 MQ) = (1 + 1980)2 MQx = 3.96 GQ

48. From the datasheet in Figure 12-77:

R,
Zagy=Ri= By _100kQ 1kQ
AL‘] 100
9. A,u=50vimy = 20V 30000V _ 54 40
ImV 1V

50. Slew rate = 0.5 V/us
AV=8V-(8V)=16V
16V

At= —— =32 us
0.5V/us #
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Advanced Problems

51.

52.

53.

Using available standard values of Ry= 150 k€ and R; = 1.0 kQ,

150kQ

A, =1+ =151
1.0kQ

1.0kQ

T 151kQ
Zinosy = (1 + (6.62 x 107°)(50,000))300 kQ = 99.6 MQ
The compensating resistor is

R.= R, | R, =150kQ[1.0kQ =993 Q
See Figure 12-3.

=6.62x 107

——0 Vou
910Q 82Q
Figure 12-3
See Figure 12-4. 2% tolerance resistors are used to achieve a 5% gain tolerance.
Ry
WA
R; 680 kQ
10kQ
741 0 Vou

L 9.1kQ 750Q
Figure 12-4

From textbook Figure 12-78:
f.=10kHz at A, =40 dB = 100
In this circuit

A =1+ & =100.1 =100
333Q

The compensating resistor is
R.=33kQ|333Q =330Q
See Figure 12-5.

——O0 vout

Figure 12-5
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54. From textbook Figure 12-79:
For a 10 V output swing minimum, the load must be 600 Q for a +10 V and = 620 Q for
—10 V. So, the minimum load is 620 Q.

55. For the amplifier,
A= 100 k€2 ~ .50
2kQ

The compensating resistor is
R.=100kQ[|2kQ = 1.96 kQ = 2 kQ
See Figure 12-6.

———— oV,

o)
-15V

Figure 12-6

56. From textbook Figure 12-78 the maximum 741 closed loop gain with BW =5 kHz is
approximately 60 dB — (20 dB)log(5 kHz/1 kHz) = 60 dB — (20 dB)(0.7) =46 dB
Av(dB) =20 IOg AV

A
A, = log™ SRR =log™ 46 =200
20 20

Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 57 through 72 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

57. Ryopen
58. R; open
59. Ry leaky

60. R; shorted
61. Ry shorted
62. Op-amp input to output open

63. Ry leaky
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64.

65.

66.

67.

68.

69.

70.

71.

72.

R; leaky
R; shorted
R; open
Ryopen
Ryleaky
Ryopen
Ry shorted
R; open

R; leaky
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Basic Op-Amp Circuits

Section 13-1 Comparators

1. Vourpy = AotVin = (80,000)(0.15 mV)(1.414) = 17 V
Since 12 V is the peak limit, the op-amp saturates.
Voutpp) = 24 'V with distortion due to clipping.

2. (a) Maximum negative
(b) Maximum positive
(c) Maximum negative

R
3. Vure = 2 (+10V)=[%}OV =277V
R, +R, 65kQ

R
Vire = [R - J<—10V>=(18k9j<—1ov> _ 277V

65 kQ

1 + 2
4. VHYS = VUTP - VLTP = 277 V - (_277 V) = 5.54 V

5. See Figure 13-1.

+8V +10V
V()llt 0 V()Ll[ 0

-8V 10 V-
(@) (b
Figure 13-1
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R
(@) Vure = ( 2 J(+ Vm(max))=(%jllV =388V

6.

R, +R, 51kQ

VLTP = —388 A%

VHYS = VUTP - VLTP =388V - (—388 V) = 7.76 A%

218kQ

R
(b) Vurp= ( - J(+ V(,u,(m))=( 08 ka2 jllV =343V

R +R,
VLTP = _343 V

VHYS = VUTP - VLTP = 343 V- (—343 V) = 6.86 V

When the zener is forward-biased:

Vout= & Vout _O7V
18 k€ + 47 kQ

Vour = (0277, — 0.7V
Vour(1 =0.277)=-0.7V

Vo = =0TV 968V
1-0.277

When the zener is reverse-biased:

‘/out = ﬂ Vout + 62 V
18kQ + 47 kQ

Vour = 0277V + 6.2V
Vou 1 =0.277) =46.2V
+62V

Vo= 22 _ 4857V

1-0.277
= (&j V. @47V +07V)
10kQ + 47 kQ

Vo= (0.175)V,, £ 54 V
+

v, = E34V 65y
1-0.175

Vure = (0.175)(+6.55 V) =+1.15V
Vire = (0.175)(-6.55 V) =-1.15V
See Figure 13-2.
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Section 13-2 Summing Amplifiers

R
9. (@) Vour= —R—f(+1v+1.5V) =—11V+15V)=-25V
®) V. ——R—f(01V+1V+05V)——%(16V)——352V
oUTT R ' 10kQ '

1

10. (a) VRI =1V

VR2=1.8V
1V
b) Iy = —— =45.5 uA
(b) I KO M
1.8V
Ipp= —— =81.8 UA
270k #

Ii=1Ip +Iry =455 uA + 81.8 uA = 127 pA

(©) Vour = ~IR;=—-(127 uA)(22 kQ) = -2.8 V

Rf
1. 5v,=|-L,
R

R
S _5
R

Ry=5R =5(22 k) =110 kQ

12. See Figure 13-3.
10 KO 1.25kQ

10 kQ

10 kQ V.

out

I 10 kQ
8

Figure 13-3

R

_ 10 kQ IV + 10kQ 3V 4 10 kQ 3V 4 10kQ 6V
10 kQ 33k 91kQ 180 kQ

=—2V+091V+033V+033V)==-357V

13. VOUT

Vour 357V

I=
TR, 10KQ

= 357 uA
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14. R;=100 kQ
Input resistors: R; =100 kQ, R, = 50 kQ, R; =25 kQ, R, = 12.5 kQ,
Rs=6.25 kQ, Rs = 3.125 kQ

Section 13-3 Integrators and Differentiators

15 Vor _ Vv _ 5V
) dt RC (56 kQ)(0.022 uF)

= —4.06 mV/us

16. See Figure 13-4.

+10V
Voul 0
-0V —
Figure 13-4
Ccv
1. j= S (0.001 uF)(5V) —1mA
T/2 10 us/?2
Vir 2v
18. Vo = TRC| —— |==x(15 k€)(0.047 uF) =12.82V
T/2 0.5 ms
See Figure 13-5.
+HV-—=====

<

+2.82V —

Vo O

out

—2.82V

Figure 13-5
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19. For the 10 ms interval when the switch is in position 2:

AV,,  Vn 5V 5V

= =— = =-50 V/s = =50 mV/ms
At RC (10k€)(10 uF) 0.1s

AV, = (=50 mV/ms)(10 ms) = =500 mV =-0.5 V

For the 10 ms interval when the switch is in position 1:

AVou _ Vv _ -5V =3V 450 V/s = +50 mV/ms

out

At RC  (10kQ)0u4F)  0.1s

AV, = (+50 mV/ms)(10 ms) = +500 mV = +0.5 V
See Figure 13-6.

0 ms 10 ms 20 ms 30 ms 40 ms

Figure 13-6
Section 13-4 Troubleshooting
R2
20. Vs = V.t V,+0.7V)
R, +R,
+ +0.7V
v o £V +07V)
1- R,
R, +R,
Normally, Vg should be
+
Vy = +43V+0.7V) _+10V
1-0.5
Since the negative portion of Vj is only —1.4 V, zener D, must be shorted:
Vg = M =14V
1-0.5

21. The output should be as shown in Figure 13-7. V, has no effect on the output. This indicates
that R, is open.

+4V

—1 V —

Figure 13-7
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22,

23.

A= 2.5kQ ~ 025
10 kQ

The output should be as shown in Figure 13-8. An open R, (V; is missing) will produce the
observed output, which is incorrect.

—05VEN----—-- m———— J

25Vf-mmm =

Figure 13-8

The D, input is missing (acts as a constant 0). This indicates an open 50 kQ resistor.

Application Activity Problems

24. The first thing that you should always do is visually inspect the circuit for bad contacts or
loose connections, shorts from solder splashes or wire clippings, incorrect components, and
incorrectly installed components. After careful inspection, you have found nothing wrong.
Measurements are now necessary to isolate a component’s fault.

25. An open decoupling capacitor can make the circuit more susceptible to power line noise.

26. If a 1.0 kQ resistor is used for R}, the inverting input would be increased, causing the pulse
width to narrow for a given setting of the potentiometer.

Advanced Problems

24V
27. Igip3=——— =392 uA
M2 7 612 k0 “

Minimum setting of R;:
Vinv=12V —(39.2 uA)(56 kQ)=9.8 V
v=1V,sin 0

98V

sin = — =222 —-0.98
vV 10V

p
f=sin™ {VLJ =sin"'(0.98) =78.5° (on positive half cycle)
»
Angle from 78.5° to 90°
AG =90°-78.5°=11.5°
Angle from 90° to next point at which v=9.8 V:
AG =11.5°
Angle from first point at which v =9.8 V to second point at which v =9.8 V on sine wave is
O=11.5°+11.5°=23°
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28.

[e]

min. duty cycle = (323()0)100 =6.39%
See Figure 13-9(a).

Maximum setting of R;:

Vi =12V —=(39.2 uA)(556 kQ) =-9.8 V

sin = —= _1968VV = —78.5° (on negative half cycle)

P
360° —-23°

max. duty cycle =
yey ( 360°

leO =93.6%
See Figure 13-9(b).

10V --—
9.8V -

23°

78.5° 101.5°\ /
_/

(a)
fe—— 360°— 23°——>

i

23°

-9.8V -

Sove NS N4

(b)
Figure 13-9

Let Vikv=4.8V

Let I; =39.2 uA
Vinv =12V -IR,;
-I[[R =48V -12V

LR =72V
Ri=—2V _is4k0
39.2 uA

Change R, and R; to 184 kQ.

129



Chapter 13

29.

100 mV/us = 5 VIR,C

SV 50 us

100 mV/us

For C = 3300 pF:
= 2045 15kQ = 15KkQ + 150 ©
3300 pF

For a 5 V peak-peak triangle waveform:
t = -V s
ramp up ramp down 100 mV /I[,lS

T=2(50 us) =100 us
fn=1/100 us = 100 kHz
See Figure 13-10.

Multisim Troubleshooting Problems

C
I
1
3300 pF
R;
15kQ 150Q
o ANy
R, Vout
m—
L 4

Figure 13-10

The solutions showing instrument connections for Problems 30 through 39 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

R, open

Op-amp inputs shorted together
Op-amp + input to output shorted
D, shorted

Top 10 k€ resistor open

Middle 10 k€ resistor shorted
Ryleaky

Ryopen

C leaky

C open
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Special-Purpose Op-Amp Circuits

Section 14-1 Instrumentation Amplifiers

1. AV(1)=1+£=1+1001{Q =101
R,  10kQ
Av(2) =1+ &ZI‘F 100kQ =101
R,  10kQ
2. Ad=1+2—R=1+200kQ =201
R, 10kQ
3. V= Ay (Vo — Vi) =202(10 mV — 5 mV) = 1.005 V
4. A =1+ 2—R
RG
L

G

Ro= 2R _ 2000k _200kQ 505 02000

A, -1 1000-1 999

v

5. Re = 50.5kQ
A -1
A= 20.5k<2 +1=51.5
1.0kQ
6. Using the graph in textbook Figure 14-6,
BW =300 kHz
7. Change Rg to
Re = 50.5kQ _ 50.5kQ ~22KO
A -1 24 -1

8. R 05kQ_505kQ o0
A -1 20-1

131



Chapter 14

Section 14-2 Isolation Amplifiers

9. Aoray = (30)(10) = 300

R
10. (a) A, = r 18K sn
R, 8.2kQ
R
Ap= i+1=150 kQ +1=11
R, 15 kQ
Avion = Ay, = (3.2)(11) = 35.2
R
(b) Ay = L= 30K s
R, 1.0kQ
R
Ap = i+1=% +1=4.13
R, 15 kQ

Avion = AviAr, = (331)(4.13) = 1,367

11. A, = 11 (from Problem 10(a))
AVIAVZ = 100

R
Li1=4, =% =9.09

il

Rpn =(9.09 — DR;; = (8.09)(8.2 kQ) = 66 k€2

Change R, (18 k€2) to 66 k2.
Use 68 kQ + 1% standard value resistor.

12. A, =331 (from Problem 10(b))

A, A, =440

R

2 41=4, _440 _ 1.33
R, 331

Change Ry (47 k€2) to 3.3 kQ.
Change R; (15 k) to 10 kQ.

13. Connect pin 6 to pin 10 and pin 14 to pin 15. Make R;= 0.

Section 14-3 Operational Transconductance Amplifiers (OTAs)

I 104A _
V. 10mV

m

4. g,.= 1 mS

15' Iout = ngm = (5000 ,LlS)(lOO mV) = 500 ﬂA
‘/Out = IoutRL = (500 ﬂA)(lO kg) =5V
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16.

17.

18.

19.

_ Iout
o= Vin
Iout = gm‘/in = (4000 ,US)(lOO mV) = 400 /,lA
RL= MZ—?,SV =8.75k§2
Iout 400 ﬂA
foins = +12V-(-12V)-07V _+12V-(-12V)-07V _ 233V _ 106 A
Rigias 220kQ 220kQ

From the graph in Figure 14-57:
8m = Klpias = (16 £S/uA)(106 4A) = 1.70 mS

A= %zlvfi = g.R, = (1.70 mS)(6.8 kQ) = 11.6

in in

The maximum voltage gain occurs when the 10 kQ potentiometer is set to 0 € and was
determined in Problem 17.

Av(max) = 11.6

The minimum voltage gain occurs when the 10 kQ potentiometer is set to 10 k€.
+12V-(-12V)-0.7V 233V

220kQ+10kQ  230kQ
g = (16 4S/UAY(101 uA) = 1.62 mS
Aviminy = guRy = (1.62 mS)(6.8 kQ) = 11.0

=101 A

I BIAS =

The Vyop waveform is applied to the bias input.
The gain and output voltage for each value of Vyop is determined as follows using
K =16 uS/uA. The output waveform is shown in Figure 14-1.

For Vmop = +8 V:
+8V-(-9V)-0.7V 163V

Ipiss = = =418 uA
Bas 39kQ 39kQ #
IR
A, = % =Vf—L =g,R. = (6.69 mS)(10 kQ) = 66.9
Vou = AV, = (66.9)(100 mV) = 6.69 V
For Vyop = +6 V:
+6V—-(-9V)-0.7V 143V
Igias = = =367 uA
BIAs 39kQ 39kQ “
gm = Klgias = (16 uS/uA)(367 uA) = 5.87 mS
IR
A, = % =Vf—L =g,R; = (5.87 mS)(10 kQ) = 58.7

in in

Vour = A, Vi = (58.7)(100 mV) = 5.87 V
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20.

For Vyiop =+4 V:

I BIAS =

+4V-(-9V)-0.7V 123V

39kQ

" 39kQ

=315 uA

g = Klgias = (16 uS/uA)(315 uA) = 5.04 mS

V

A = out __
v -

V.

in

IR,

out

V

in

= gk = (5.04 mS)(10 kQ) = 50.4

Vour = A, Vi = (50.4)(100 mV) = 5.04 V

For Vmop = +2 V:

+2V-(-9V)-0.7V 103V

I BIAS =

39kQ

"~ 39kQ

=264 uA

@ = Klgias = (16 uS/uA)(264 tA) = 4.22 mS

V

I
A, = —ou _TouTL _ o R — (422 mS)(10 kQ) = 42.2

V.

in

R
Vv

in

Vour = A, Vi = (42.2)(100 mV) = 4.22 V

For Vyjop =+1 V:

+1V-(-9V)-0.7V 93V

I BIAS =

39kQ

T 39kQ

=238 1A

gm = Klgias = (16 uS/uA)(238 uA) = 3.81 mS

V
A, =
V.

i

R
Vv

n in

I
Zow _ ZowTL — o R, =(3.81 mS)(10 kQ) = 38.1

Vour =A, Vi = (38.1)(100 mV) =3.81 V

+9V—-(-9V)-07V 173V

S | 11 I N

+587V—-————

+5.04V———-H1

+422V-———H1
+381V-—--H1

Figure 14-1

I BIAS =

39kQ

" 39kQ

= 444 uA

Virioe = IpiasRi = (444 uA)(10 kQ) = +4.44 V
Virice) = —IpiasR) = (—444 uA)(10 kQ) =—-4.44 V
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21. See Figure 14-2.

+HOVE--2

+44V |

+4.4V

‘/Ulll 0

|
Vo 0 :
~44V}-F---- - \/
|
A0V [t m e e =S

-44V

Figure 14-2
Section 14-4 Log and Antilog Amplifiers

22. (a) In(0.5) =-0.693
(b) In(2) = 0.693
(¢) In(50)=3.91
(d) In(130) =4.87

23. (a) logip(0.5) =—0.301
(b) logip(2) =0.301
(c) log;o(50) =1.70
(d) logp(130) =2.11

24, Antilog x = 10" or ¢*, depending on the base used.
INVIn=e""=495
INV log =10"°=39.8

25. The output of a log amplifier is limited to 0.7 V because the output voltage is limited to the

barrier potential of the transistor’s pn junction.

V.,
26. Vou = —(0.025 V)ln[ IR J

= —(0.025 V)ln( J =—(0.025 V)In(365.9) =-148 mV

(100 nA)(82 kQ)

27. Vour = —(0.025 V)ln( J
EBO in

1.5V

= —(0.025V)In (
(60nA)(47kQ)

J =—(0.025 V)In(531.9) =-157 mV
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1%
. Vin :1
28. Vour = —Ryleso antllog( 55 mVj =-R,I EBOe(25 V]

0.225V

Vo = —(10 kQ)(60 nA) e[ »my ] = —(10 kQ)(60 nA)e’ = —(10 kQ)(60 nA)(8103) = —4.86 V

V.
29. Vouttmaxy = — (0.025 V) In & =—(0.025V) ln(LJ
EBONin (60nA)(47kQ)

—(0.025 V)In(354.6) = 147 mV

V.
Viustminy = — (0.025 V) 1n[ = J =—(0.025V) h{

EBO "Yin

=—(0.025 V) In(35.5) = -89.2 mV

100 mV
(60nA)(47kQ)

The signal compression allows larger signals to be reduced without causing smaller
amplitudes to be lost (in this case, the 1 V peak is reduced 85% but the 100 mV peak is
reduced only 10%).

Section 14-5 Converters and Other Op-Amp Circuits

30. (a) V]N = VZ =47V
IL=Vﬂ= 47V =4.7 mA
R, 1.0kQ

i

10kQ
b) Vin=|——= |12V =6V
® Vin= o)

Ri=10kQ| 10kQ+100Q =5.1kQ
Vin o OV _q118ma
R, 5.1kQ

31. See Figure 14-3.

Figure 14-3
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Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 32 through 36 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

32. R leaky

33. R open

34. Ry open

3s. Zener diode open

36. Lower 10 k€ resistor open
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Active Filters

Section 15-1 Basic Filter Responses

1. (a) Band-pass
(b) High-pass
(c¢) Low-pass
(d) Band-stop

2. BW=7. =800 Hz

3 f= I 1
) © 27RC  27(2.2kQ)(0.0015 LF)
No, the upper response roll-off due to internal device capacitances is unknown.

=48.2 Hz

4. The roll-off is 20 dB/decade because this is a single-pole filter.

5. BW=f,—f,=39kHz-3.2kHz=0.7 kHz =700 Hz
fo=fuf, ={J(32kHz)(3.9 kHz) =3.53 kHz

_ fo _353KHz _ .,
BW  700Hz
So
6. = 2o
0= 3w

Jo=0BW) =151 kHz) =15 kHz

Section 15-2 Filter Response Characteristics

7. (a) 2nd order, 1 stage
1.2kQ

DF =2 — &=2— =2-1=1 Not Butterworth
R, 1.2kQ

(b) 2nd order, 1 stage

pFen_ R _, 35600
R, 1.0kQ

=2-0.56=1.44 Approximately Butterworth

(c) 3rd order, 2 stages, 1st stage (2 poles):

DF =2 - &=2— 3300 =1.67
R, 1.0kQ
2nd stage (1 pole):
DF =2 - % =1.67 Not Butterworth

7
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(a) From Table 15-1 in the textbook, the damping factor must be 1.414; therefore,

R
— =0.586

4
R;=0.586R, = 0.586(1.2 kQ) =703 Q
Nearest standard value: 720 Q

R
(b) == =0.56
4
This is an approximate Butterworth response
(as close as you can get using standard 5% resistors).

(c) From Table 15-1, the damping factor of both stages must be 1, therefore

R3; = Ry = Rg = R; = 1 kQ (for both stages)

(a) Chebyshev
(b) Butterworth
(c) Bessel

(d) Butterworth

Section 15-3 Active Low-Pass Filters

10.

11.

12.

High Pass

Ist stage:

DF =2 - &=2— 1.0k =1.85
R, 6.8 kQ

2nd stage:

DF =2 - &=2— 0.8 ka2 =0.786
Rq 5.6kQ

From Table 15-1 in the textbook:

Ist stage DF = 1.848 and 2nd stage DF = 0.765
Therefore, this filter is approximately Butterworth.
Roll-off rate = 80 dB/decade

1 1 1

fc = = =
22 /RR,C,C, 27 JRR,C,C, 27,[(4.7kQ)(6.8kQ)(0.22 uF)(0.1 F)

R=R1=R2=R5=R6andC= C1=C2=C3=C4
Let C =0.22 uF (for both stages).
1 1
Je= T
27 R°C 27RC

1 1 _3

27f.C  27m(190Hz)(0.22 uF) '
Choose R = 3.9 kQ (for both stages)

=190 Hz

81 kQ
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13.

Add another identical stage and change the ratio of the feedback resistors to 0.068 for first
stage, 0.586 for second stage, and 1.482 for third stage. See Figure 15-1.

47kQ | 6.8kQ

4.7kQ | 6.8 kQ

Figure 15-1

14. See Figure 15-2.

— 2-Pole — — 1-Pole |—
(@ (b)
— 1-Pole —— 2-Pole —
(©
— 1-Pole —— 2-Pole —— 2-Pole [—
(d
— 2-Pole —— 2-Pole — 2-Pole —
©
Figure 15-2
Section 15-4 Active High-Pass Filters
15. Exchange the positions of the resistors and the capacitors. See Figure 15-3.
47kQ 47kQ
Wy Wy
0.22 uF | 0.1 pF
O_| %’_| F‘ 022 pF | 0.1 uF
=
1kQ 6.8 kQ
%6.8 kQ 6.8 kQ 6.8 kQ 56kQ
Figure 15-3 ) )
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1

16. = —
f 27RC
fom 190 Hz 95
1 1

= = = 7615 Q
27f.C  2m(95Hz)(0.22 uF)

Let R =7.5 kQ. Change R}, R;, Rs and R¢ to 7.5 kQ.

17. (a) Decrease R, and R, or C; and C,.
(b) Increase R; or decrease Rj.

Section 15-5 Active Band-Pass Filters
18. (a) Cascaded high-pass/low-pass filters
(b) Multiple feedback

(c) State variable

19. (a) Iststage:

S = L ! =3.39kHz
27RC 272(1.0k€2)(0.047 uF)

2nd stage:

Je ! ! =7.23 kHz

T 22RC 22(1.0kQ)(0.022 uF)

fo=A/fuf.n =+/(3.39kHz)(7.23kHz) =4.95 kHz
BW =723 kHz — 3.39 Hz = 3.84 kHz

) f= L [R+R _ 1 \/ 47 kQ +1.8 kQ 449 Hy
27C \f RR,R, 2m(0.022 uF)\ (47 kQ)(1.8 kQ)(150 kQ)

0 = 7f,CR, = (449 Hz)(0.022 4F)(150 kQ) = 4.66

w= o490z _ g0 i h,
0 466

(c) For each integrator:

1 1
Je= 27RC  27(10kQ)(0.001 uF)

fo=f.=15.9 kHz
0= l[&+1):1[560k9 +1j:%(56+1) =19

15.9 kHz

3\ R, 30 10kQ
pw=Jo 3Oz _ gagp,
0 19
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20. Q:l &H
3\ R

Select Rg = 10 kQ.

oo s 1_Ri+R
3R, 3 3R,
3R6Q =Rs+ Rg
Rs=3Rs0 — Rs = 3(10 kQ)(50) — 10 k€ = 1500 kQ — 10 kQ = 1490 kQ
Jfo= ! =1.33kHz
27(12 k€2)(0.01 uF)
BW = &=ﬂ =26.6 Hz
0 50

Section 15-6 Active Band-Stop Filters

21. See Figure 15-4.

R
LP R
State
O—— variable R
filter
——— 0O
HP

Figure 15-4

1
22, =fo= ——
o=/ 27RC
Let C remain 0.01 uF.

R= L _ ! =13
27f,C  27(120Hz)(0.01 uF)
Change R in the integrators from 12 k€ to 133 kQ.

3 kQ

Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 23 through 31 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

23. R, shorted

24, R; open

25. C; shorted

26. Rs open
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27.

28.

29.

30.

31.

R, open
R, shorted
R, open
C, open

R; open
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Chapter 16
Oscillators

Section 16-1 The Oscillator

1.

2.

An oscillator requires no input other than the dc supply voltage.

Amplifier and positive feedback circuit

Section 16-2 Feedback Oscillators

3.

Unity gain around the closed loop is required for sustained oscillation.
Ay=AB=1

B= L -1 0133
A 75

v

To ensure startup:

Ag>1

since A, =75, B must be greater than 1/75 in order to produce the condition
AB>1.

For example, if B = 1/50,

AB = 75(ij =15
50

Section 16-3 Oscillators with RC Feedback Circuits

1 1

= = =1.28 kHz
27RC  27(6.2kQ)(0.02 uF)

1

R1 :2R2
R

g, = R _100kQ

2 2

=50 kQ

When dc power is first applied, both zener diodes appear as opens because there is
insufficient output voltage. This places R; in series with Ry, thus increasing the closed-loop
gain to a value greater than unity to assure that oscillation will begin.

Ri=(A,— DRy + r;) = (3 —1)(820 Q + 350 Q) = 2.34 kQ
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1

10. f= =10.6 kHz
27(1.0k€)(0.015 uF)
11. B= 1
29
AC[ = l = 29
B
R
Acl = —
R

Ry=AuR; =29(4.7 kQ) = 136 kQ
1

= =628 Hz
f 272:/6/(4.7 kQ)(0.022 uF)

Section 16-4 Oscillators with LC Feedback Circuits

12. (a) Colpitts: C; and C; are the feedback capacitors.

1
fr= ——
27\/L,C,

_C,Cy (100 4F)(1000 pF)
T+, 1100 pF

1
fr=
272,/(5mH)(90.9 pF)

=90.9 pF

=236 kHz

(b) Hartley:
=L
" onfL.C,
Ly=L+L,=15mH+10mH=11.5mH
1

fr= = 68.5 kHz
272,/(11.5mH)(470 pF)

_ 4TpF _
470 pF
The condition for sustained oscillation is

PR
B 0.1

13.

Section 16-5 Relaxation Oscillators

14. Triangular waveform.

S 1(&J ! (56kgj=1.61kHz

T 4RC\ R, ) 4(22kQ)(0.022 4F)\ 18kQ
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15. Change f'to 10 kHz by changing R;:

1 (R
f= 2
4R,.C | R,

R1=—1 Lep ! (561(9 =3.54kQ
4fc\ Ry | 4(10kHz)(0.022 uF) | 18kQ
V. -V,
16. T=-2F

[Vis|
RC
R
vp=[ 2 JIZV:(MKQJIZV:S.MV

R, + Ry 147 kQ

PUT triggers at about +3.84 V (ignoring the 0.7 V drop)
Amplitude=+3.84 V-1V =284V

V= | R |12 =( 22K0 J(—12 V) =-2.16 V
R, +R, 122kQ

Fo_ 384V -1V 289 s

2,16V
(100 k€2)(0.0022 uF)
1 1
T us
See Figure 16-1.

=3.46 kHz

1V

0 289 s

Figure 16-1
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17.

18.

Vo=5V. Assume Vax =1 V.
Rs =47 kQ

R
Vg = 3 12V
R, + R

Change Rsto get Vg =5 V.
S5V(Ry4+47kQ)=(47kQ)12V
Ri(5V)=@47kQ)12V - 47kQ)5V
_ (12V-=5V)47kQ

R, = 65.8 kQ
5V
- V, = Vg
Viv
RC
V,= VﬂT+VF= 3V 10us +1 V=738V
RC (4.7kQ)(0.001 uF)

Vpp(out) = Vp - VF = 738 V - 1 V = 6.38 V

Section 16-6 The 555 Timer as an Oscillator

19.

20.

21.

22,

%vcc =%(10 V) =333V

gVCC = g(10 V) =6.67V
3 3
f= L = 144 = 4.03 kHz
(R, +2R,)C,,, (1.0kQ+6.6k€)(0.047 uF)
1.44
fo——"
(R, +2R,)C,,,
ext = La4 = .44 =0.0076 l[lF
(R, +2R,)f (1.0k +6.6kQ)(25kHz)
Duty cycle (dc) = KRy x 100%
R, + 2R,

de(R, + 2Ry) = (R, + R»)100

75(3.3 kQ + 2Ry) = (3.3 kQ + R,)100
75(3.3 kQ) + 150R, = 100(3.3 kQ) + 100R,
150R, — 100R, = 100(3.3 kQ) — 75(3.3 kQ)
50R, = 25(3.3 kQ)

R T
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Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 23 through 28 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).

23. Drain-to-source shorted

24. C; open

25. Collector-to-emitter shorted
26. R, open

27. R, open

28. R, leaky
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Voltage Regulators

Section 17-1 Voltage Regulation

AV,
1. Percent line regulation = | —2YL [100% = 2mvy
A 6V

IN

AViyur 1V,
2. Percent line regulation = (%JIOO% =
N

(2mV/8Vj

leO% =0.0333%

Vi !V, -9.
3. Percent load regulation = (MJl 00% = (%} 00% =1.01%

FL

100% = 0.00417 %/V

4. From Problem 3, the percent load regulation is 1.01%. For a full load current of 250 mA, this

can be expressed as
L01% = 0.00404 %/mA
250 mA

Section 17-2 Basic Linear Series Regulators

S. See Figure 17-1.

Control
element

Input ©
Reference
voltage
Figure 17-1

R
6. Vour = (1 + _2JVREF = (1 + 33 ESJ 24V =103V

R .
7. Vour = [1 + —ZJVREF = [1 426 kgjm V =851V

2.2kQ
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10.

11.

For R; =2.2kQ:

R 5.6kQ
Vour = | 1+ =% [Vere =| 14 24V =85V
ot [ RJREF ( 2.2k9j
For R; = 4.7 kQ:

R 5.6kQ
Vour = | 1+ =% [Vere =| 14 24V =526V
ouT [ RJ REF ( 4.71<9j

The output voltage decreases by 3.24 V when R; is changed from 2.2 kQ to 4.7 kQ.

R 5.6kQ
Vour = (1 + R—2JVREF = (1 + 55 ij 27V =957V

3

0.7V

I L(max) —
4

07V _0.7mA
Iy 250mA

P=1I{,.0R, =250 mA)2.8 Q=0.175 W, Use a0.25 W.

R4: :2.89

Re= 2832 _140
2
LA S A Y
R, 14Q

Section 17-3 Basic Linear Shunt Regulators

12.

13.

14.

Q) conducts more when the load current increases, assuming that the output voltage attempts
to increase. When the output voltage tries to increase due to a change in load current, the
attempted increase is sensed by R; and R, and a proportional voltage is applied to the op-
amp’s non-inverting input. The resulting difference voltage increases the op-amp output,

driving QO more and thus increasing its collector current.

AVy 1V

Ale=—"R_ Y _10mA

R, 100Q

R 10kQ

Vour = | 1+ = [Vere =| 1+ 51V =182V
o [ RJ REE ( 3.9k£2j
I, = Your =M =18.2 mA

R, 1kQ
I, = Voi= 182V =152 mA

R, 12kQ

AlL =152 mA - 18.2 mA =-3.0 mA
AIS = _AIL =3.0 mA
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15, I = ‘;ﬂ = 120% =250 mA
1

Pri = I{ o R = (250 mA)’100 Q = 6.25 W

Section 17-4 Basic Switching Regulators

t
16. Vour=| = |V,
OouT ( T j IN

lon:T—toﬂ
1 1
= —= =0.0001 s =100 us
f 10kHz
Vour= | 2245 115 v — 48V
100 us
17. f=100Hz, t,= 6 ms
= iz ! =10 ms
f 100Hz
ton=T — tp=10ms — 6 ms =4 ms
t 4 ms
duty cycle = -2~ = =04
yey T 10ms

percent duty cycle = 0.4 x 100% = 40 %
18. The diode D; becomes forward-biased when Q; turns off.

19. The output voltage decreases.

Section 17-5 Integrated Circuit Voltage Regulators

20. (a) 7806: +6 V
(b) 7905.2: -5.2V
(c) 7818: +18V
(d) 7924: =24V

101‘2)1.25 V + (50 4A)(10 kQ)

R
21. VOUT = [1 + R—2JVREF + IADJRZ = (1 +

1

=137V+05V=143V
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RZ(min)
22, Voutmim = —|| 1+ R Vier T 1 aps Ra(min)

1
RZ(min) = 0 Q
Voutmm = — (1.25V(1+0)+0) =-1.25 V

Romax 10k
VOUT(max) = — l:(l + 2; ) JVREF + IADJ RZ(max):| = —|:125 V(l + 470

1

= —(1.25V(22.28)+0.5V)=-284V

gj + (50 #A)(10 kQ)}

23. The regulator current equals the current through R, + R,.
V. .
I = —2—= 143V =13 mA
R, +R, 11kQ

24. V[N= 18 V, VOUT= 12V
IREG(max) =2 MA, Vrgr=125V

R, = VRﬂ zﬂ =625Q
Igpgg  2mA

Neglecting Iapy:

Vee=12V-125V=108V

R, = hzm =54 KkQ
Igpg  2mA

For R; use 620 Q and for R, use either 5600 Q or a 10 kQ potentiometer for precise
adjustment to 12 V.

Section 17-6 Applications of IC Voltage Regulators

25. VRexl(min) =07V

Roy= 0.7V _ 0.7V 280
I.. 250mA
26. VOUT=+12V
I = 12V =1200mA=12A
10Q

Iew=IL—Inx=12A-05A=07A
Pey = Ix(Vin—Vour) =0.7A(15V-12V)=07ABV)=21W

27' VRlim(min) = 07 v Riim cht
Rlim(min) = 07—V = 07—V =035Q
1., 2A <
See Figure 17-2. - Qiim
¢ o 7809
Figure 17-2
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8. RrR=2V _250
500 mA
See Figure 17-3.

Vin o— 317 T

|
125V R=25Q

|
! .

Figure 17-3 )

29. I=500 mA
LAY

~ 500mA
See Figure 17-4.

=16 Q

Va=-12Vo— 7908

Figure 17-4
30. Connect pin 7 to pin 6.
Multisim Troubleshooting Problems
The solutions showing instrument connections for Problems 31 through 34 are available from the
Instructor Resource Center. See Chapter 2 for instructions. The faults in the circuit files may be
accessed using the password book (all lowercase).
31. R, leaky
32. Zener diode open

33. 0, collector-to-emitter open

34. R, open
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Chapter 18
Basic Programming Concepts for
Automated Testing

Section 18-1 Programming Basics

1.

The five basic instruction types are simple instructions, conditional instructions, loop
instructions, branching instructions, and exception instructions.

The flowchart symbols are (1) subroutine, (2) decision, (3) continuation,
(4) begin/end, (5) input/output, and (6) task.

One possible pseudocode description is
program PrintAverage
begin

input first number
input second number
input third number
sum is first number plus second number plus third number
average is sum divided by 3
print average

end PrintAverage

Section 18-2 Automated Testing Basics

4.

The automated test system components are (1) test controller, (2) test equipment and
instrumentation, (3) test fixture, (4) switching control, (5) switching circuitry, and
(6) unit under test (UUT).

Advantages of electromechanical relays are good electrical isolation and high current
and voltage handling ability.

Section 18-3 The Simple Sequential Program

6.

'I'he process flow for a simple sequential program is linear in which the program
begins, executes a series of instructions in sequence, and then terminates.

The flowchart represents a simple sequential program, as none of the program
operations alters the sequence of program execution from its linear process flow.
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Section 18-4 Conditional Execution

Because the start value is 7 and not less than 5, the top-level IF statement is skipped.
The program enters the top-level ELSE, sets the output value to the 7 — 2 =5 and tests
whether the start value is greater than 7. The start value of 7 is not greater than 7, so
the nested top-level IF statement is skipped. The program enters the top-level nested
ELSE statement and tests whether the start value is greater than 6 . The start value of
7 is greater than 6, so the output value is set to 5 / 3 = 1.6. The program exits the
nested IF-THEN-ELSE instruction and prints 1.6 as the output value.

One possible pseucode description is

NewIdentifyKeyValue
begin
input key value
case (key value)
begin case

w17 print “Key value equals 1”
break

N2 print “Key value equals 2”
break

w37 print “Key value equals 3”
break

default: print “Key value is more than 3”
break

end case

end NewIdentifyKeyValue

Section 18-5 Program Loops

10.

11.

12.

Loop 1 corresponds to a WHILE-DO loop, Loop 2 corresponds to a FOR-TO-STEP
loop, and Loop 3 corresponds to a REPEAT-UNTIL loop.

The index value starts at 1 and the step value increases the index value by 2 for each
loop, so the FOR-TO-STEP loop will execute once for each odd index value from 1
through 9 and exit on an index value of 11. The sum begins at 0 and each loop will
add the index value plus 1, so

sum= (1+1) + (3+1) + (5+1) + (7+1) + (9+1)
=2+4+6+8+10
=30

The outer loop will execute three times and the inner loop will execute a number of
times equal to the index 1, the outer loop index value. The sum begins at 0 and each
loop will add 1 to the sum, so

Index1 equals 1: Index1 does not exceed end value of 3, so program enters inner

loop.
Inner loop executes 1 time, so sum=0+1=1.
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Index1 adjusted by step valueof 1to 1 + 1 =2.
Index1 equals 2: Index1 does not exceed end value of 3, so program enters inner
loop.
Inner loop executes 2 times, sosum=1+1+1=3.
Index1 adjusted by step value of 1 to 2 + 1 = 3.

Index1 equals 3: Index1 does not exceed end value of 3, so program enters inner
loop.
Inner loop executes 3 times, sosum=3+1+1+1=6.
Index1 adjusted by step value of 1 to 3 + 1 =4.

Index1 equals 4: Index1 exceeds end value of 3, so program skips outer loop and
prints the sum value of 6.

Section 18-6 Branches and Subroutines

13.

14.

One reason that programs should avoid using unconditional branches is that
unconditional branches too often encourage poor programming practices by
compensating for poorly designed code. A second reason is that unrestricted
unconditional branching typically results in “spaghetti code” that is difficult to
modify and maintain. A third reason is that replacing the branch instruction with the
desired target instruction(s) produces the same result as the unconditional branch, so
that unconditional branches are often unnecessary.

One possible pseudocode description is

procedure CompareValues (FirstResistor, SecondResistor)
begin
input FirstResistor value
input SecondResistor value
print “First resistor value is ” and FirstResistor value
print “Second resistor value is ” and SecondResistor value
if (FirstResistor value is greater than SecondResistor
value) then
begin if
print “First resistor value is greater than second
resistor value”
end 1if
else
begin else
print “Second resistor value is greater than first
resistor value”
end else
end CompareValues
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Chapter 19 (Website)
Electronic Communications Systems

and Devices

Section 19-1 Basic Receivers

1. See Figure 19-1.

Antenna
RF ; IR Audio and
Amplifier Mixer Amplifier Detector Power
plie pufie Amplifiers
Speaker
AGC
Local
Oscillator
Figure 19-1
2. See Figure 19-2.
Antenna
RF q IF .. Lo
Amplifier Mixer Amplifier Limiter Discriminator
AGC
Deemphasis
Local Network
Oscillator
Audio and
Power
Amplifiers
Speaker

Figure 19-2
3. fio =680 kHz + 455 kHz = 1135 kHz
4. fro=97.2 MHz + 10.7 MHz = 107.9 MHz

S. fre=101.9 MHz - 10.7 MHz = 91.2 MHz
fir=10.7 MHz (always)
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Section 19-2 The Linear Multiplier

6. (a) V,u=-25V
®) Vou=-1.6V
©) Vou=+10V
d) Vou=+10V
7. Vour = KVxVy=0.125(+3.5 V)(-2.9 V) =-1.27 V
8. Connect the two inputs together.
9. @ Vour=KViV,=(0.)+2V)(+1.4 V) =+40.28 V
() Vou=KViVa= KV(0.1)(-3.2V)* = +1.024 V
-V, —(6.
(C) Vout = L= (6 2 V) =+2.07V
V, -3V

(d) Vou= AV, =62V = 4249V

Section 19-3 Amplitude Modulation

10.  fup=fi —f» = 100 kHz — 30 kHz = 70 kHz
Fom = fi + f»= 100 kHz + 30 kHz = 130 kHz

1 fi= 29 _ 9000 cycles/s = 9 kHz
1 ms
f= 10 _ 1000 cycles/s = 1 kHz
1 ms

fug=fi—fr=9kHz - 1kHz =8 kHz
fam=fi+fr=9kHz+ 1 kHz =10 kHz

12. f.=1000 kHz
Jair=1000 kHz — 3 kHz = 997 kHz
foum = 1000 kHz + 3 kHz = 1003 kHz

_ 18cycles

13. - = 1.8 MHz
h 10 us
A=t 100 ki
10 us

fag=fi—f=1.8 MHz — 100 kHz = 1.7 MHz
Sfam=f1 +f>=1.8 MHz + 100 kHz = 1.9 MHz
f.=1.8 MHz

14. f.=1.2 MHz by inspection
Sw=fe—fup=12MHz - 1.1955 MHz = 4.5 kHz

158



Chapter 19

e
15. f.c - fdlﬂ 2 fmm _ 847 kHZ;'853 KHZ

S =fe — far= 850 kHz — 847 kHz = 3 kHz

=850 kHz

16.  fuminy = 600 kHz — 3 kHz = 597 kHz
Saigmaxy = 600 kHz — 300 Hz = 599.7 kHz
Ssumminy = 600 kHz + 300 kHz = 600.3 kHz
Ssummary = 600 kHz + 3 kHz = 603 kHz
See Figure 19-3.

597 kHz 599.7kHz 600kHz 600.3 kHz 603 kHz

Figure 19-3
Section 19-4 The Mixer

17. (sin A)(sin B) = %[COS(A — B) —cos(A + B)]

Viuty = 0.2 V sin [272(2200 kHz)7]
Viuay = 0.15 V sin [272(3300 kHz)7]
ViutyViny = (0.2 V)(0.15 V) sin [2212200 kHz)1] sin [272(3300 kHz)¢]

Vou = %2015\7) [cos 273300 kHz — 2200 kHz)t — cos 277(3300 kHz + 2200 kHz){]

Vo = 15 mV cos [2724(1100 kHz)¢] — 15 mV cos [2/25500 kHz)¢]

18.  fir=fio—f.=986.4 kHz — 980 kHz = 6.4 kHz
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Section 19-5 AM Demodulation

19.

20.

21.

See Figure 19-4.

435kHz 455kHz 475kHz  1480kHz 1500 kHz 1520 kHz
Figure 19-4
See Figure 19-5.

See Figure 19-6.

435kHz  455kHz 475kHz

Figure 19-5

Section 19-6 IF and Audio Amplifiers

22,

23.

fe—fu=12MHz-8.5kHz=1.1915 MHz
f-+f,=1.2MHz + 8.5 kHz = 1.2085 MHz
f.= 1.2 MHz

fro —fm =455 kHz — 8.5 kHz = 446.5 kHz
fro+fn=455kHz + 8.5 kHz = 463.5 kHz
fro=455kHz

The IF amplifier has a 450 kHz to 460 kHz passband.

Chapter 19

20 kHz

Figure 19-6

The audio/power amplifiers have a 10 Hz to 5 kHz bandpass.
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24, C, between pins 1 and 8 makes the gain 200.
With R, set for minimum input, V;, =0 V.
Vout(min) = AvVin(min) = 200(0 V) = 0 V
With R, set for maximum input, V;, = 10 mV rms.
‘/out(mwc) = Av‘/in(max) = 200(10 mV) =2 V rms

Section 19-7 Frequency Modulation

25. The modulating input signal is applied to the control voltage terminal of the VCO. As the
input signal amplitude varies, the output frequency of the VCO varies proportionately.

26. An FM signal differs from an AM signal in that the information is contained in frequency
variations of the carrier rather than amplitude variations.

27. Varactor

Section 19-8 The Phase-Locked Loop (PLL)

28. See Figure 19-7.

Phase Low Pass
Detector Filter
VCO
Figure 19-7
29. (a) The VCO signal is locked onto the incoming signal and therefore its frequency is equal to

the incoming frequency of 10 MHz.

0s 6, (250 mV)(400 mV)

/A%
b) V.= #c s cos(30°-15°) =(0.050)(0.966) = 48.3 mV

2
30.  Af,=+3.6kHz, AV, =405V
k= Yo _*3O6KHZ _ o Hav
AV, 105V
3. K=15kHzV, AV, =+0.67V
K — AJ(‘()
AV

c

Af, = KAV, = (1.5 kHz/V)(+0.67 V) = 1005 Hz
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32.

33.

For a PLL to acquire lock the following conditions are needed:
(1) The difference frequency, f; — f; must fall within the filter’s bandwidth.
(2) The maximum frequency deviation of the VCO frequency, Af,,..., must be sufficient

to permit f to change to equal f..

The free-running frequency:

=2 = L2 =233 kHz
4R, C, 4(3.9k)(330pF)
The lock range:
fou= 81, _4 8(233kHz) _ + 1.864 MHz — 4104 kHz
Vee 18V 18V

The capture range:

SN v

27\ 3600x C,
_ ii 27(103.6kHz) :ii 650.9 kHz — +4.56 KHz
27 \[\ 3600x0.22 uF 2z 792 uF

Section 19-9 Fiber Optics

34.

35.

The light ray will be reflected because the angle of incidence (30°) is greater than the critical
angle (15°).

Oc = cos (na/ny) = cos ' (1.25/1.55) = 36.2°
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