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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.



Chapter 2
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



Chapter 2

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



Chapter 2

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



Chapter 3
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



	ch-4-ED8-final
	ch-5-ED8-final
	ch-6-ED8-final
	ch-7-ED8-final
	ch-8-ED8-final
	ch-9-ED8-final
	ch-10-ED8-final
	ch-11-ED8-final
	ch-12-ED8-final
	ch-13-ED8-final
	ch-14-ED8-final
	ch-15-ED8-final
	ch-16-ED8-final
	ch-17-ED8-final
	Ch-18-ED9-final
	ch-19-ED8-final

