CHAPTER

Diode
Applications

2.1 INTRODUCTION

The construction, characteristics, and models of senductor diodes were intro-
duced in Chapter 1. The primary goal of this chastdo develop a working knowl-
edge of the diode in a variety of configurationsigsnodels appropriate for the area
of application. By chapter’s end, the fundament&lawéor pattern of diodes in dc and
ac networks should be clearly understood. The quiedearned in this chapter will
have significant carryover in the chapters to fellBor instance, diodes are frequently
employed in the description of the basic construction of transistors and in the analy-
sis of transistor networks in the dc and ac domains

The content of this chapter will reveal an intarestind very positive side of the
study of a field such as electronic devices andesys—once the basic behavior of
a device is understood, its function and responsmimfinite variety of configura-
tions can be determined. The range of applicatisndless, yet the characteristics
and models remain the same. The analysis will gedeom one that employs the
actual diode characteristic to one that utilizes d@pproximate models almost exclu-
sively. It is important that the role and response of various elements of an electronic
system be understood without continually havingesort to lengthy mathematical
procedures. This is usually accomplished throughatbproximation process, which
can develop into an art itself. Although the resabtained using the actual charac-
teristics may be slightly different from those dbt&al using a series of approxima-
tions, keep in mind that the characteristics obthifiem a specification sheet may
in themselves be slightly different from the devigeactual use. In other words, the
characteristics of a 1N4001 semiconductor diode wzay from one element to the
next in the same lot. The variation may be slight,ibwill often be sufficient to val-
idate the approximations employed in the analydso consider the other elements
of the network: Is the resistor labeled 1Q0exactly 100Q2? Is the applied voltage
exactly 10 V or perhaps 10.08 V? All these tolerances contribute to the general be-
lief that a response determined through an appropriate set of approximations can of-
ten be “as accurate” as one that employs the faltadteristics. In this book the em-
phasis is toward developing a working knowledgeaafievice through the use of
appropriate approximations, thereby avoiding an oessary level of mathematical
complexity. Sufficient detail will normally be priled, however, to permit a detailed
mathematical analysis if desired.
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tics.
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2.2 LOAD-LINE ANALYSIS

The applied load will normally have an important impact on the point or region of
operation of a device. If the analysis is perforntea graphical manner, a line can
be drawn on the characteristics of the devicer#yaesents the applied load. The inter-
section of the load line with the characteristiah determine the point of operation
of the system. Such an analysis is, for obviousomgscalledload-line analysis
Although the majority of the diode networks analyze this chapter do not employ
the load-line approach, the technique is one used quite frequently in subsequent chap-
ters, and this introduction offers the simplest agapion of the method. It also permits
a validation of the approximate technique descrithedughout the remainder of this
chapter.

Consider the network of Fig. 2.1a employing a dibdeing the characteristics
of Fig. 2.1b. Note in Fig. 2.1a that the “pressure” established by the battery is to es-
tablish a current through the series circuit in theckwise direction. The fact that
this current and the defined direction of conduttw the diode are a “match” re-
veals that the diode is in the “on” state and cotidnchas been established. The re-
sulting polarity across the diode will be as shawmd the first quadran¥/f, andlp
positive) of Fig. 2.1b will be the region of intete-the forward-bias region.

Applying Kirchhoff’'s voltage law to the series aiit of Fig. 2.1a will result in

E_VD_VR=O

The two variables of Eq. (2.1Y§ andlp) are the same as the diode axis vari-
ables of Fig. 2.1b. This similarity permits a piogt of Eq. (2.1) on the same charac-
teristics of Fig. 2.1b.

The intersections of the load line on the charésties can easily be determined
if one simply employs the fact that anywhere on hioeizontal axislp, = 0 A and
anywhere on the vertical axi§, = 0 V.

If we set \b = 0V in Eqg. (2.1) and solve fdp, we have the magnitude bf on
the vertical axis. Therefore, witfiy, = 0 V, Eq. (2.1) becomes

E= VD + IDR
=0V +IpR
E
and Ip = R Ivoco v (2.2)

as shown in Fig. 2.2. If weet 5, = 0 A in Eg. (2.1) and solve forp, we have the
magnitude oVp onthe horizontal axis. Therefore, witg = 0 A, Eq. (2.1) becomes

E= VD + IDR
=Vp + (0 AR
al’ld VD = E|IDZOA (23)

as shown in Fig. 2.2. A straight line drawn between the two points will define the
load line as depicted in Fig. 2.2. Change the lef& (the load) and the intersection
on the vertical axis will change. The result wil B change in the slope of the load
line and a different point of intersection betwedka load line and the device char-
acteristics.

We now have a load line defined by the network arczharacteristic curve de-
fined by the device. The point of intersection kestw the two is the point of opera-
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Characteristics (device
- (device)

Q-point

___— Load line (network)

0 Vg E Vo

Figure 2.2 Drawing the load line and finding the point of operation.

tion for this circuit. By simply drawing a line dowto the horizontal axis the diode
voltageVp,, can be determined, whereas a horizontal line froenpthint of intersec-
tion to the vertical axis will provide the level t&f_. The currentp is actually the
current through the entire series configuratiofrigi 2.1a. The point of operation is
usually called thguiescent poinfabbreviated Q-pt.”) to reflect its “still, unmoving”
qualities as defined by a dc network.

The solution obtained at the intersection of the twrves is the same that would
be obtained by a simultaneous mathematical solwfogs. (2.1) and (1.4)p =
1P« — 1)]. Since the curve for a diode has nonlinear characteristics the mathe-
matics involved would require the use of nonlinesrhniques that are beyond the
needs and scope of this book. The load-line analysis described above provides a so-
lution with a minimum of effort and a “pictorial” deription of why the levels of so-
lution for Vp, andlp, were obtained. The next two examples will demotssttiae
techniques introduced above and reveal the relative ease with which the load line can
be drawn using Egs. (2.2) and (2.3).

For the series diode configuration of Fig. 2.3a layipg the diode characteristics of EXAMPLE 2.1
Fig. 2.3b determine:
(@ Vb, andlp,,

(b) Vg
A
i+
5 ) = T
i =T
- ik 5
fi
; g
£ 10y H§ I kil i1
e &y
1
AR S BT S |
o FETRTE] Vg V1

Figure 2.3 (a) Circuit; (b) characteristics.
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Solution

. _E _ 10V
() Eq. (2.2):1p = Rivoov ™ 2kQ

Eq (23) VD = E||D=OA = 10 V
The resulting load line appears in Fig. 2.4. Thersection between the load line and
the characteristic curve defines tQepoint as

Vp,=0.78 V
Ip, = 9.25 mA

The level ofV is certainly an estimate, and the accuracinads limited by the cho-
sen scale. A higher degree of accuracy would requplot that would be much larger
and perhaps unwieldy.

(b) V= IR = Ip,R = (9.25 mA)(1 K)) = 9.25 V

or VR=E—-Vp,=10V-0.78V=9.22V

The difference in results is due to the accuradi which the graph can be read. Ide-
ally, the results obtained either way should bestdme.

=10 mA
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Figure 2.4 Solution to Example 2.1.
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EXAMPLE 2.2

Repeat the analysis of Example 2.1 wRhk- 2 k().

Solution

. _E 10V
(@ Ea. (2.2): Io = Rlvo=ov 2KkQ 5 mA

Eq (23) VD = E||D:0A =10V
The resulting load line appears in Fig. 2.5. Notereduced slope and levels of diode
current for increasing loads. The resulti@gpoint is defined by

Vb, =0.7V

lp, = 4.6 MA
(b) VR=1rRR=1p,R= (4.6 mA)(2 K2) =9.2V
withVR=E—-Vp,=10V-0.7V=93V

The difference in levels is again due to the acnuveth which the graph can be read.
Certainly, however, the results provide an expectadnitude for the voltag€x.
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Figure 2.5 Solution to Example 2.2.

As noted in the examples above, the load line isrdghed solely by the applied
network while the characteristics are defined &y ¢hosen device. If we turn to our
approximate model for the diode and do not distbgo network, the load line will
be exactly the same as obtained in the examplegeabwo fact, the next two exam-
ples repeat the analysis of Examples 2.1 and 2.2 using the approximate model to per-
mit a comparison of the results.

Repeat Example 2.1 using the approximate equivatesdel for the silicon semi- EXAMPLE 2.3
conductor diode.

Solution

The load line is redrawn as shown in Fig. 2.6 Wit same intersections as defined
in Example 2.1. The characteristics of the appraxeequivalent circuit for the diode
have also been sketched on the same graph. THeng<p-point:

Vp, =0.7V
I, = 9.25 mMA

Ip (MA)

104 .

Ipg=9.25 mA 9:} Q-point

gl

7
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Vb = 0.
b= 0.7V

Figure 2.6 Solution to Example 2.1 using the diode approximate model.

2.2 Load-line Analysis

55



The results obtained in Example 2.3 are quite éstimg. The level ofp is ex-
actly the same as obtained in Example 2.1 usintgagacteristic curve that is a great
deal easier to draw than that appearing in Fig. 2.4. The lew&) ef 0.7 V versus
0.78 V from Example 2.1 is of a different magnitudehe hundredths place, but they
are certainly in the same neighborhood if we comheir magnitudes to the mag-
nitudes of the other voltages of the network.

EXAMPLE 2.4

Ip.=4.
DQ 4.6 mA

=
o

I—‘I\)(A)-b({l@\lOO@

=
B |

Repeat Example 2.2 using the approximate equivaterdel for the silicon semi-
conductor diode.
Solution

The load line is redrawn as shown in Fig. 2.7 wlith same intersections defined in
Example 2.2. The characteristics of the approxineggvalent circuit for the diode
have also been sketched on the same graph. ThHangsp-point:

Vp, =07V

Ip (MA) lp, = 4.6 MA

o

o Figure 2.7 Solution to Example
0'5\1 2 3 4 5 6 T8 9 %M ) using the diode approximate

VDQ =07V model.

In Example 2.4 the results obtained for bwth), andlp, are the same as those
obtained using the full characteristics in Exampl2. The examples above have
demonstrated that the current and voltage levesmdd using the approximate model
have been very close to those obtained using thelaracteristics. It suggests, as
will be applied in the sections to follow, that thee of appropriate approximations
can result in solutions that are very close toatieial response with a reduced level
of concern about properly reproducing the chareties and choosing a large-enough
scale. In the next example we go a step furthersadtitute the ideal model. The
results will reveal the conditions that must bas$iad to apply the ideal equivalent

properly.
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EXAMPLE 2.4

Repeat Example 2.1 using the ideal diode model.

Solution

As shown in Fig. 2.8 the load line continues tothe same, but the ideal character-
istics now intersect the load line on the vertepak. TheQ-point is therefore defined

by
VDQ =0V
Ip, = 10 mA

Chapter 2 Diode Applications
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Figure 2.8 Solution to Example 2.1 using the ideal diode model.

The results are sufficiently different from the w@ns of Example 2.1 to cause
some concern about their accuracy. Certainly, thegrdeide some indication of the
level of voltage and current to be expected redatdsthe other voltage levels of the
network, but the additional effort of simply inclugj the 0.7-V offset suggests that
the approach of Example 2.3 is more appropriate.

Use of the ideal diode model therefore should Iseme=d for those occasions
when the role of a diode is more important thartag# levels that differ by tenths
of a volt and in those situations where the applieliages are considerably larger
than the threshold voltagé:. In the next few sections the approximate modé!ive
employed exclusively since the voltage levels atadiwill be sensitive to variations
that approaciV. In later sections the ideal model will be emplbyeore frequently
since the applied voltages will frequently be quaiteit larger thaiv; and the authors
want to ensure that the role of the diode is cdlyreand clearly understood.

2.3 DIODE APPROXIMATIONS

In Section 2.2 we revealed that the results obthirstng the approximate piecewise-
linear equivalent model were quite close, if notaqto the response obtained using
the full characteristics. In fact, if one considalisthe variations possible due to tol-
erances, temperature, and so on, one could certadnigider one solution to be “as
accurate” as the other. Since the use of the appaigi model normally results in a
reduced expenditure of time and effort to obtamdlsired results, it is the approach
that will be employed in this book unless otherwsdpecified. Recall the following:

The primary purpose of this book is to develop a general knowledge of the be-

havior, capabilities, and possible areas of application of a device in a manner

that will minimize the need for extensive mathematical developments.

The complete piecewise-linear equivalent modebuhiced in Chapter 1 was not
employed in the load-line analysis becauggs typically much less than the other
series elements of the networkr}f should be close in magnitude to the other series
elements of the network, the complete equivalentehodn be applied in much the
same manner as described in Section 2.2.

In preparation for the analysis to follow, Table 2.1 was developed to review the
important characteristics, models, and conditionapylication for the approximate
and ideal diode models. Although the silicon ditglesed almost exclusively due to

2.3 Diode Approximations 57
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its temperature characteristics, the germanium disdsill employed and is there-
fore included in Table 2.1. As with the silicon d& a germanium diode is approxi-
mated by an open-circuit equivalent for voltagess lthanVy. It will enter the “on”
state when ¥y =V = 0.3 V.

Keep in mind that the 0.7 and 0.3 V in the equivat@rcuits are noindependent
sources of energy but are there simply to reminthasthere is a “price to pay” to
turn on a diode. An isolated diode on a laboratable will not indicate 0.7 or 0.3
V if a voltmeter is placed across its terminalse Bupplies specify the voltage drop
across each when the device is “on” and specify thetdiode voltage must be at
least the indicated level before conduction cardiablished.

Chapter 2 Diode Applications



In the next few sections we demonstrate the imphatite models of Table 2.1 on —gp4—

the analysis of diode configurations. For thosgegibns where the approximate equiv- Si
alent circuit will be employed, the diode symbollvdppear as shown in Fig. 2.9a —p—
for the silicon and germanium diodes. If conditi@ane such that the ideal diode mode
can be employed, the diode symbol will appear as shiowig. 2.9h. ”Ge
(a} ()
2.4 SERIES DIODE CONFIGURATIONS Figélrlc 29 @ (/?)?pcrlox;%gted
model notation; 1deal diode
WITH DC INPUTS notation.

In this section the approximate model is utilizedinvestigate a number of series
diode configurations with dc inputs. The contenit establish a foundation in diode
analysis that will carry over into the sections ahdpters to follow. The procedure
described can, in fact, be applied to networks wity mumber of diodes in a variety
of configurations.

For each configuration the state of each diode must first be determined. Which
diodes are “on” and which are “off"? Once determined, the appropriateatent as
defined in Section 2.3 can be substituted and ¢neaining parameters of the net- S
work determined.

In general, a diode is in the “on” state if the current established by the

applied sources is such that its direction matches that of the arrow in the - -

diode symbol, and Vi, = 0.7 V for silicon and Vp = 0.3 V for germanium.

ty +
I
=
- +

For each configuratiommentallyreplace the diodes with resistive elements ar %
note the resulting current direction as establighethe applied voltages (“pressure”).
If the resulting direction is a “match” with the aw in the diode symbol, conduc-
tion through the diode will occur and the devicénishe “on” state. The description
above is, of course, contingent on the supply hasingltage greater than the “turn-
on” voltage {/) of each diode.

If a diode is in the “on” state, one can either plac®.7-V drop across the e Ao
element, or the network can be redrawn with \theequivalent circuit as defined in /r»

Figure 2.10 Series diode config-
uration.

Table 2.1. In time the preference will probablyglyrbe to include the 0.7-V drop across +
each “on” diode and draw a line through each diode in the “off” or open state. Ipi~L- R§VR
tially, however, the substitution method will be iz#ld to ensure that the proper volt- — -
age and current levels are determined.

The series circuit of Fig. 2.10 described in sor&itlin Section 2.2 will be used
to demonstrate the approach described in the mgyagrabove. The state of the diode
is first determined by mentally replacing the diodéh a resistive element as shown Figure 2.11  Determining the
in Fig. 2.11. The resulting direction bfs a match with the arrow in the diode sym-state of the diode of Fig. 2.10.
bol, and since&e > V+ the diode is in the “on” state. The network is tledrawn as
shown in Fig. 2.12 with the appropriate equivaleridel for the forward-biased sil-
icon diode. Note for future reference that the ptylaf Vp is the same as would re-
sult if in fact the diode were a resistive elemdrite resulting voltage and curren

: rk
levels are the following:
VD = VT (24)

_ Figure 2.12 Substituting the
Ip=1r= E (2.6) equivalent model for the “on”
diode of Fig. 2.10.

+ l"'|'_| &=t
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Si
+ +
E= R g Ve
-

Figure 2.13 Reversing the diode
of Fig. 2.10.

Figure 2.14 Determining the
state of the diode of Fig. 2.13.

Figure 2.15 Substituting the
equivalent model for the “off”
diode of Figure 2.13.

In Fig. 2.13 the diode of Fig. 2.10 has been reversed. Mentally replacing the diode
with a resistive element as shown in Fig. 2.14 welleal that the resulting current di-
rection does not match the arrow in the diode synw diode is in the “off” state,
resulting in the equivalent circuit of Fig. 2.15u@®to the open circuit, the diode cur-
rent is 0 A and the voltage across the resiRta the following:

Ve=IgR=IpR=(0AR=0V

The fact thatvg = 0 V will establishE volts across the open circuit as defined by
Kirchhoff’s voltage law. Always keep in mind that under any circumstances—dc, ac
instantaneous values, pulses, and so on—Kirchhofffsage law must be satisfied!

EXAMPLE 2.6
o

=]

2 B o

¥

] J___ iv i gl.! kL !

Figure 2.16 Circuit for Example
2.6.

For the series diode configuration of Fig. 2.16ed®mineVp, Vg, andlp.

Solution

Since the applied voltage establishes a currethigitlockwise direction to match the
arrow of the symbol and the diode is in the “on‘testa

Vp=0.7V
VR=E—-Vp=8V-07V=73V

L~ Ve _ 73V
RT R 22kQ

Io = 3.32 mA

EXAMPLE 2.7

Ipb=0A

o o W B
vy~ IR=0A
+

R§ 22kQ Vg

Figure 2.17 Determining the
unknown quantities for Example
2.7.
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Repeat Example 2.6 with the diode reversed.

Solution

Removing the diode, we find that the directionl a§ opposite to the arrow in the
diode symbol and the diode equivalent is the opemit no matter which model is
employed. The result is the network of Fig. 2.17evetiy = 0 A due to the open cir-
cuit. SinceVi = IgR, Vk = (0)R = 0 V. Applying Kirchhoff’s voltage law around the
closed loop yields

E_VD_VR:O

and Vp=E—-Vg=E-0=E=8V

Chapter 2 Diode Applications



In particular, note in Example 2.7 the high voltageoss the diode even though
it is an “off” state. The current is zero, but thdtage is significant. For review pur-
poses, keep the following in mind for the analysigdilow:

1. An open circuit can have any voltage acrossit®inals, but the current is al-
ways 0 A.

2. A short circuit has a 0-V drop across its terdgnhut the current is limited
only by the surrounding network.

In the next example the notation of Fig. 2.18 \wél employed for the applied volt-
age. It is a common industry notation and one wttiich the reader should become very
familiar. Such notation and other defined voltagyeels are treated further in Chapter 4.

E=+10 Vo IlOV E=-5Vo I_SV
—E 5V

—E oV

= - Figure 2.18 Source notation.

For the series diode configuration of Fig. 2.19ed®ineVp, Vg, andlp.

‘L Figure 2.19  Series diode circuit
for Example 2.8.

Solution

Although the “pressure” establishes a current with the sdineetion as the arrow
symbol, the level of applied voltage is insufficiéatturn the silicon diode “on.” The
point of operation on the characteristics is shawhig. 2.20, establishing the open-

circuit equivalent as the appropriate approximation. The resulting voltage and current

levels are therefore the following:
Ipb=0A
Ve=IgR=IpR=(0A)1.2K)2=0V
and Vo =E=05V o

Figure 2.20  Operating point Vip =08 Y
with E=0.5V.

2.4 Series Diode Configurations with DC Inputs

EXAMPLE 2.8
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EXAMPLE 2.9

DetermineV, and |, for the series circuit of Fig. 2.21.

5 e f
a2 vo——M ‘] o

[S="

A kil

Figure 2.21 Circuit for Exam-
w ple 2.9.

Solution

An attack similar to that applied in Example 2.8l weveal that the resulting current
has the same direction as the arrowheads of thedgmof both diodes, and the net-
work of Fig. 2.22 results becauke= 12 V> (0.7 V+ 0.3 V) = 1 V. Note the re-
drawn supply of 12 V and the polarity \@§ across the 5.64k resistor. The resulting
voltage

Vo=E—Vy, —Vy,=12V—-07V—-03V=11V
VeV, 11V

and Ip=lgr=— 7= = =1.96 mA
° " R R 56kQ
Vr, Vi
& = i 7
FH“‘HH_% :
F; ; A
BTN Ikl E
5 12 §5.b kil
_ Figure 2.22  Determining the
| unknown quantities for Example
w 2.9.
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EXAMPLE 2.10

Determinelp, Vp,, andV, for the circuit of Fig. 2.23.

Figure 2.23 Circuit for Exam-
ple 2.10.

Solution

Removing the diodes and determining the directibthe resulting currenit will re-
sult in the circuit of Fig. 2.24. There is a matohcurrent direction for the silicon
diode but not for the germanium diode. The comimmabf a short circuit in series
with an open circuit always results in an openufrandlp = 0 A, as shown in
Fig. 2.25.

A A A e A VAVAN _H =0 e al
ﬁ—» + ot +
E—|:T RQ56k V, 12V =g §=nm v,
= r

= -
Figure 2.24 Determining the state of the Figure 2.25 Substituting the equivalent
diodes of Figure 2.23. state for the open diode.

Chapter 2 Diode Applications



The question remains as to what to substitutehferstlicon diode. For the analy-
sis to follow in this and succeeding chapters, sympkall for the actual practical
diode that whenp = 0 A, Vp = 0 V (and vice versa), as described for the no-bias
situation in Chapter 1. The conditions describeddy 0 A andVp, = 0 V are in-
dicated in Fig. 2.26.

faiba
* -
- o

fn, =1kA +

12% T 6 ki W,
.. Figure 2.26 Determining the
unknown quantities for the circuit
= of Example 2.10.

Vo=IgR=IpR=(0AR=0V
and Vo, = Vopen airuit= E = 12 V
Applying Kirchhoff’s voltage law in a clockwise diction gives us
E- Vo, —Vo,~ Vo=0

2

and Vp,=E—-Vp, —V,=12V-0-0
=12V
with Vo=0V
Determinel, V4, V,, andV,, for the series dc configuration of Fig. 2.27. EXAMPLE 2.11

Figure 2.27 Circuit for Exam-
Ey=c8Y ple 2.11.

Solution

The sources are drawn and the current directioicated as shown in Fig. 2.28. The
diode is in the “on” state and the notation appearing in Fig. 2.29 is included to indi-
cate this state. Note that the “on” state is noted simply by the additigral0.7 V

| bV, = DTV
T R — L .
4.7 KLk A ATRD
- - I L2
| e 4T R m
£ 0V ¥ inv
Ey== 5y v Ey
il I+ 31
Figure 2.28 Determining the state of the Figure 2.29 Determining the unknown quantities for the net-
diode for the network of Fig. 2.27. work of Fig. 2.27.

2.4 Series Diode Configurations with DC Inputs 63



on the figure. This eliminates the need to rediagvrtetwork and avoids any confu-
sion that may result from the appearance of anatberce. As indicated in the in-
troduction to this section, this is probably the path and notation that one will take
when a level of confidence has been establishateranalysis of diode configura-
tions. In time the entire analysis will be perfodr&@mply by referring to the origi-
nal network. Recall that a reverse-biased diode can simply be indicated by a line
through the device.

The resulting current through the circuit is,

_E+E-Vp_ 10V+5V-07V _ 143V
R+ R 4TKL+22K)  69KQ

2.072 mA

and the voltages are

Vi = IR; = (2.072 mA)(4.7 K) = 9.74 V
V, = IR, = (2.072 mA)(2.2 K) = 4.56 V

Applying Kirchhoff’s voltage law to the output si&wot in the clockwise direction will
result in

I

_E2 + V2 - VO = 0
and Vo=V,—E, =456 V-5V =-044V
The minus sign indicates thdg has a polarity opposite to that appearing in Fig72

2.5 PARALLEL AND SERIES-PARALLEL
CONFIGURATIONS

The methods applied in Section 2.4 can be extetadde analysis of parallel and
series—parallel configurations. For each area @liegtion, simply match the se-
quential series of steps applied to series dioadigurations.

64

EXAMPLE 2.12

DetermineV,, |4, Ip,, andlp, for the parallel diode configuration of Fig. 2.30.

[NEEN o]

AT o ¥
# l Jr
=10V e SR g
i ) Sl Figure 2.30 Network for Exam-
- ple 2.12.

Solution

For the applied voltage the “pressure” of the sousd® establish a current through
each diode in the same direction as shown in F&1L.5ince the resulting current di-
rection matches that of the arrow in each diode symbol and the applied voltage is
greater than 0.7 V, both diodes are in the “on” stétee voltage across parallel ele-
ments is always the same and

Vo=0.7V
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o o i s

. st
ESER

:" _T Figure 2.31 Determining the

[ HE¥ LA
I ] _unknown quantities for the net-
work of Example 2.12.

The current
_ W% _E-Vp,_10V-07V

I R~ R~ amk = 28.18 mA
Assuming diodes of similar characteristics, we have
lo, = Ip, = '?1 = W = 14.09 mA

Example 2.12 demonstrated one reason for placiodediin parallel. If the cur-
rent rating of the diodes of Fig. 2.30 is only 2@ na current of 28.18 mA would
damage the device if it appeared alone in Fig..2B30placing two in parallel, the
current is limited to a safe value of 14.09 mA witle same terminal voltage.

Determine the currertfor the network of Fig. 2.32.

Figure 2.32 Network for Exam-
ple 2.13.

Solution

Redrawing the network as shown in Fig. 2.33 revéas the resulting current di-
rection is such as to turn on diobe and turn off diodeD,. The resulting current
is then

E,—-E-Vp_ 20V-4V-07V

| = = = 6.95 mA
R 2.2 k)
(L
- -
iy - | — I
— APy = —y
[ R=22K0 |
— —
+ +
£ - Y Em=dy
il Figure 2.33 Determining the
unknown quantities for the net-
i work of Example 2.13.

EXAMPLE 2.13

2.5 Parallel and Series—Parallel Configurations
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EXAMPLE 2.14 Determine the voltag¥, for the network of Fig. 2.34.

12V Solution

Initially, it would appear that the applied voltagé! turn both diodes “on.” However,

if both were “on,” the 0.7-V drop across the siliadiode would not match the 0.3 V

across the germanium diode as required by thehatthe voltage across parallel el-
Si Ge ements must be the same. The resulting action eaxjplained simply by realizing
that when the supply is turned on it will incredsem O to 12 V over a period of
time—although probably measurable in millisecorfisthe instant during the rise

oV, that 0.3 V is established across the germanium diode it will turn “on” and maintain
a level of 0.3 V. The silicon diode will never hate opportunity to capture its re-
§2-2 kQ quired 0.7 V and therefore remains in its opentiirstate as shown in Fig. 2.35. The
result:
Vo=12V-03V=11.7V

Figure 2.34 Network for Exam-

ple 2.14.
Figure 2.35 Determining V,
for the network of Fig. 2.34.
EXAMPLE 2.15 Determine the currents, |,, andlp, for the network of Fig. 2.36.
K, Solution
5 3k ) ) )
The applied voltage (pressure) is such as to toth diodes on, as noted by the re-
fih | sulting current directions in the network of Fig32 Note the use of the abbreviated
| notation for “on” diodes and that the solution idadbed through an application of
Ewmy s ¥ technigues applied to dc series—parallel networks.
‘ V. 0.7V
[ T2
: I, =52%= =0.212 mA
Ar | YR 33kQ
S kL
Figure 2.36 Network for Ex- v
ample 2.15. . I,:-'.::I.-'-
—b |

¢ '
] . Figure 2.37 Determining the
56 kil unknown quantities for Example
- ¥+ 2.15.
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Applying Kirchhoff’s voltage law around the indieat loop in the clockwise direc-

tion yields
~Vo+E—Vy, — Vg, =0
and Vo,=E—Vr,—V;,=20V—-07V-07V=18.6V
. V, 186V
th l, === =3.32 mA
M 2T R, 56kQ

At the bottom node (a),
ID2 + Il = |2

and Ip, = 12— 1; = 3.32 mA— 0.212 mA= 3.108 mA

2.6 AND/OR GATES

The tools of analysis are now at our disposal, dmddpportunity to investigate a 5
computer configuration is one that will demonstriite range of applications of this (1; &= 0ve—j—r
relatively simple device. Our analysis will be lted to determining the voltage lev- ! (] |
els and will not include a detailed discussion oban algebra or positive and neg-
ative logic. =l
The network to be analyzed in Example 2.16 is angaR for positive logic. "™ "": E
That is, the 10-V level of Fig. 2.38 is assignedlafor Boolean algebra while the i
0-V input is assigned a “0.” An OR gate is such tinat output voltage level will be .~:§| i

a 1 if eitheror both inputs is a 1. The output is a O if both irgpate at the O level. ;
The analysis of AND/OR gates is made measurablieiebg using the approxi- -+
mate equivalent for a diode rather than the ideslabse we can stipulate that the
voltage across the diode must be 0.7 V positivaHersilicon diode (0.3 V for Ge) Figure 2.38 Positive logic OR
to switch to the “on” state. gate.
In general, the best approach is simply to estalligut” feeling for the state of
the diodes by noting the direction and the “pressure” kslwol by the applied po-
tentials. The analysis will then verify or negatauy initial assumptions.

DetermineV, for the network of Fig. 2.38. EXAMPLE 2.16

Solution

First note that there is only one applied potential; 10 V at terminal 1. Terminal 2 with
a 0-V input is essentially at ground potential, lagven in the redrawn network of Fig.
2.39. Figure 2.39 “suggests” thay is probably in the “on” state due to the applied
10 V while D, with its “positive” side at 0 V is probably “off.” Ag&iming these states + P
will result in the configuration of Fig. 2.40. D,
The next step is simply to check that there isomtradiction to our assumptions.
That is, note that the polarity acrd3gis such as to turn it on and the polarity across

D, is such as to turn it off. FdD, the “on” state establishé4, atV,=E — Vp = E= 10V —V
10 V- 0.7 V= 9.3 V.With 9.3 V at the cathode—) side ofD, and 0 V at the an- D2

ode (+) side,D, is definitely in the “off” state. The current direction and the result- Rgle
ing continuous path for conduction further confioar assumption thdD, is con-

ducting. Our assumptions seem confirmed by thetiegwoltages and current, and oV

our initial analysis can be assumed to be corfido. output voltage level is not 10 =
V as defined for an input of 1, but the 9.3 V isfisigntly large to be considered @ gy, 239 Redrawn network
1 level. The output is therefore at a 1 level wdtily one input, which suggests that of Fig. 2.38.
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E— |I1:h—

0Ty
] i
v o o ,
E == 10Y|
| K g1kl
I
Figure 2.40 Assumed diode

v states for Fig. 2.38.

the gate is an OR gate. An analysis of the samg&omnletwith two 10-V inputs will
result in both diodes being in the “on” state andoatput of 9.3 V. A 0-V input at
both inputs will not provide the 0.7 V requiredtton the diodes on, and the output
will be a 0 due to the 0-V output level. For thewmrk of Fig. 2.40 the current level
is determined by

E-Vp_10V-07V

| = = 9.3 mA
R 1kQ
EXAMPLE 2.17 Determine the output level for the positive logibl[B gate of Fig. 2.41.
@ Si Solution
E; =10 Vo—j——
' 1 D, Note in this case that an independent source appedine grounded leg of the net-

work. For reasons soon to become obvious it isenas the same level as the input
() Si logic level. The network is redrawn in Fig. 2.42twour initial assumptions regard-
Ex= ov2o—|(——o Vo ing the state of the diodes. With 10 V at the cdéhside oD, it is assumed thdd,
D, is in the “off” state even though there is a 10-Vire@ connected to the anodeDof
le kQ through the resistor. However, recall that we mentioned in the introduction to this sec-
E I 0V

tion that the use of the approximate model willdreaid to the analysis. F@r,,
where will the 0.7 V come from if the input and smrivoltages are at the same level
and creating opposing “pressure®?is assumed to be in the “on” state due to the
low voltage at the cathode side and the availgbdftthe 10-V source through the
1-kQ) resistor.

For the network of Fig. 2.42 the voltage\atis 0.7 V due to the forward-biased
diodeD,. With 0.7 V at the anode &, and 10 V at the cathodB; is definitely in
the “off” state. The currertwill have the direction indicated in Fig. 2.42 aadhag-
nitude equal to

Figure 2.41 Positive logic AND
gate.

E-Vp_10V-0.7V

| = =93 mA
R 1kQ
O [
Vb
- +
W |—o*——ov0:vD:0.7v ©0)
E, = 10V 0.7V
RZ1kQ
(0)
| E oV Figure 2.42  Substituting the
I assumed states for the diodes of
= = = Fig. 2.41.
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The state of the diodes is therefore confirmed @amdearlier analysis was cor-
rect. Although not 0 V as earlier defined for thée@el, the output voltage is suffi-
ciently small to be considered a 0 level. For tidDAgate, therefore, a single input
will result in a O-level output. The remaining s&bf the diodes for the possibilities

of two inputs and no inputs will be examined in th®blems at the end of the
chapter.

2.7 SINUSOIDAL INPUTS; HALF-WAVE
RECTIFICATION

The diode analysis will now be expanded to incltidee-varying functions such as
the sinusoidal waveform and the square wave. There is no question that the degree of
difficulty will increase, but once a few fundamentabneuvers are understood, the
analysis will be fairly direct and follow a commdémread.

The simplest of networks to examine with a timeyirag signal appears in Fig.
2.43. For the moment we will use the ideal modeltgrthe absence of the Si or Ge

label to denote ideal diode) to ensure that the approach is not clouded by additional
mathematical complexity.

+ —_—

i

3<
+o
+0

—» lcycle +e— - -

V; =V, sinwt

Figure 2.43 Half-wave rectifier.

Over one full cycle, defined by the periddof Fig. 2.43, the average value (the
algebraic sum of the areas above and below th¢ iaxigero. The circuit of Fig. 2.43,
called ahalf-wave rectifier,will generate a waveform, that will have an average
value of particular, use in the ac-to-dc convergimotess. When employed in the rec-
tification process, a diode is typically referredat® arectifier. Its power and current
ratings are typically much higher than those ofid®employed in other applications,
such as computers and communication systems.

During the intervat = 0 - T/2 in Fig. 2.43 the polarity of the applied voltage
is such as to establish “pressure” in the direction indétand turn on the diode with
the polarity appearing above the diode. Substigutire short-circuit equivalence for
the ideal diode will result in the equivalent citcof Fig. 2.44, where it is fairly ob-
vious that the output signal is an exact replicahef applied signal. The two termi-
nals defining the output voltage are connectedctlird¢o the applied signal via the
short-circuit equivalence of the diode.

+

g P

+o
“+o

Figure 2.44  Conduction region (0 - T/2).
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For the periodl/2 - T, the polarity of the inpu¥; is as shown in Fig. 2.45 and
the resulting polarity across the ideal diode poeduan “off” state with an open-cir-
cuit equivalent. The result is the absence of & fiat charge to flow ang, = iR =
(O)R = 0V for the periodl/2 - T. The inputy; and the output, were sketched to-
gether in Fig. 2.46 for comparison purposes. The output sigmalw has a net pos-
itive area above the axis over a full period anchegrage value determined by

Ve = 0.318/,, half-weve 2.7)
— +
W 3 o
Vi R Vo =— Vi
+ — + t

Figure 2.45 Nonconduction region (T/2 - T).

0 \/ \/ t

0 <—T—>‘ t Figure 2.46 Half-wave rectified
signal.

The process of removing one-half the input signaddtablish a dc level is aptly
calledhalf-wave rectification.

The effect of using a silicon diode wity = 0.7 V is demonstrated in Fig. 2.47
for the forward-bias region. The applied signal tmmwv be at least 0.7 V before the
diode can turn “on.” For levels of less than 0.7 V, the diode is still in an open-
circuit state and, = 0 V as shown in the same figure. When conducting differ-
ence between, andy; is a fixed level oV = 0.7 V andv, = v; — V1, as shown in
the figure. The net effect is a reduction in areava the axis, which naturally reduces

Offset due to4

Figure 2.47 Effect of V7 on half-wave rectified signal.

Chapter 2 Diode Applications



the resulting dc voltage level. For situations vehéy, >> V1, Eq. 2.8 can be applied
to determine the average value with a relativeghHevel of accuracy.

Ve = 0.318Wm — V) (2.8)

In fact, if V,,, is sufficiently greater thaWy, Eq. 2.7 is often applied as a first ap-
proximation forVye.

(a) Sketch the output, and determine the dc level of the output for thievoek of EXAMPLE 2.18
Fig. 2.48.

(b) Repeat part (a) if the ideal diode is replacgdisilicon diode.

(c) Repeat parts (a) and (b)Mf, is increased to 200 V and compare solutions using
Egs. (2.7) and (2.8).

Vi Re2kQ Vo

Figure 2.48 Network for Exam-
= ple 2.18.

Solution

(a) In this situation the diode will conduct duritite negative part of the input as
shown in Fig. 2.49, and, will appear as shown in the same figure. For thie fu
period, the dc level is

Vgc = —0.318/,, = —0.318(20 V)= —6.36 V

The negative sign indicates that the polarity @& tlutput is opposite to the defined
polarity of Fig. 2.48.

Vi ;K_-r Vo

-7~ 20 -

o
)

“+0

o

Figure 2.49 Resulting v, for the circuit of Example 2.18.

(b) Using a silicon diode, the output has the appesraf Fig. 2.50 and
Vge = —0.318y,, — 0.7 V) = —0.318(19.3 V)= —6.14 V Yo

The resulting drop in dc level is 0.22 V or aboli%.
(c) Eq. (2.7): Vg = —0.318/,,= —0.318(200 V)= —63.6 V
Eq. (2.8): Vy. = —0.318{,, — Vy) = — 0.318(200 V- 0.7 V) A W A
= —(0.318)(199.3 V= —63.38 V 2 \/ \/
which is a difference that can certainly be ignof@dmost applications. For part ¢

the offset and drop in amplitude dueMgwould not be discernible on a typical os-
cilloscope if the full pattern is displayed.

20vV-0.7v=193V

Figure 2.50 Effect of V1 on out-
put of Fig. 2.49.

2.7 Sinusoidal Inputs; Half-Wave Rectification 71



PIV (PRV)

The peak inverse voltage (PIV) [or PRV (peak revergltage)] rating of the diode

is of primary importance in the design of rectifioa systems. Recall that it is the
voltage rating that must not be exceeded in thersevbias region or the diode will
enter the Zener avalanche region. The requiredrBfivig for the half-wave rectifier

can be determined from Fig. 2.51, which displays the reverse-biased diode of Fig.
2.43 with maximum applied voltage. Applying Kirctifie voltage law, it is fairly
obvious that the PIV rating of the diode must equaéxceed the peak value of the
applied voltage. Therefore,

PIV ratingz Vm half-wave rectifier (29)
_VPIV) 4
o o o ’ o
- =0 T -
Vi R V,=IR= (O)R=0V
Figure 2.51 Determining the re-

+ + quired PIV rating for the half-
o o wave rectifier.

2.8 FULL-WAVE RECTIFICATION

Bridge Network

The dc level obtained from a sinusoidal input can be improved 100% using a process
calledfull-wave rectification.The most familiar network for performing such adun

tion appears in Fig. 2.52 with its four diodes ibradge configuration. During the
periodt = 0 to T/2 the polarity of the input is as shown in Figh2.The resulting
polarities across the ideal diodes are also shavig. 2.53 to reveal th&l, andD5

are conducting whil®,; andD, are in the “off” state. The net result is the coufig
ration of Fig. 2.54, with its indicated current goalarity acrosR. Since the diodes

are ideal the load voltage ¥ = v;, as shown in the same figure.

Figure 2.52 Full-wave
bridge rectifier.

Figure 2.53 Network of Fig.
2.52 for the period 0 — T/2 of
the input voltage v;. Figure 2.54 Conduction path for the positive region of v;.
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For the negative region of the input the conductifagles ardd, andD,, result-
ing in the configuration of Fig. 2.55. The importaasult is that the polarity across
the load resistoR is the same as in Fig. 2.53, establishing a secosdiye pulse,
as shown in Fig. 2.55. Over one full cycle the inpnd output voltages will appear
as shown in Fig. 2.56.

Vi Vo
"~ Pty N
4 / \
7 1 \
0 0 T T t
2

Vi

Figure 2.56 Input and output
waveforms for a full-wave rectifier.

Since the area above the axis for one full cycleow twice that obtained for a
half-wave system, the dc level has also been doudited

Vg = 2(Eq. 2.7)= 2(0.318/,)
or Ve = 0.630Vm,  |full-wave (2-10)

If silicon rather than ideal diodes are employedla®wvn in Fig. 2.57, an applica-
tion of Kirchhoff’s voltage law around the condwetipath would result in

Vi= Vi =V —=V:=0
and Vo = Vi — 2Vt
The peak value of the output voltageis therefore
Voo = Vm — 2Vr

For situations wher¥,,, >> 2V, EqQ. (2.11) can be applied for the average valub wit
a relatively high level of accuracy.

Vye = 0.636/, — 2V4) (2.11)
VO
=0.7V
o‘ T T t
2

Figure 2.57 Determining V,__for
silicon diodes in the bridge config-
uration.

Then again, iV, is sufficiently greater than\Z, then Eq. (2.10) is often applied as
a first approximation foWyc.
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PIV

The required PIV of each diode (ideal) can be datezd from Fig. 2.58 obtained
at the peak of the positive region of the inpuhaigFor the indicated loop the max-
imum voltage acrosR is V,, and the PIV rating is defined by

PIV = Vm full-wave bridge rectifier (2-12)

Center-Tapped Transformer
Figure 2.58 Determining the re-

quired PIV for the bridge configu- A second popular full-wave rectifier appears in.R¢g9 with only two diodes but
ration. requiring a center-tapped (CT) transformer to disfalihe input signal across each
section of the secondary of the transformer. Dutirgpositive portion of; applied
to the primary of the transformer, the network waiipear as shown in Fig. 2.60,
assumes the short-circuit equivalent 83dhe open-circuit equivalent, as determined
by the secondary voltages and the resulting cudieattions. The output voltage ap-
pears as shown in Fig. 2.60.

1:2 D;

vi ¥ b
Vin Vi

+ _ R

| Vi AN \N
0 t ET - % +
Vi
— N Figure 2.59 Center-tapped
D, transformer full-wave rectifier.

Figure 2.60 Network conditions for the positive region of v;.

During the negative portion of the input the netkvappears as shown in Fig.
2.61, reversing the roles of the diodes but maiirgithe same polarity for the volt-

Vi Vo
™ Ny Vi
[N LAY

1 \ ! \

v [\ i

0 T T t 0 T T t
2 2
Vin

Figure 2.61 Network conditions for the negative region of v;.
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age across the load resisRrThe net effect is the same output as that apppani v+
Fig. 2.56 with the same dc levels. I

PIV

The network of Fig. 2.62 will help us determine thet PIV for each diode for
this full-wave rectifier. Inserting the maximum tade for the secondary voltage and
V, as established by the adjoining loop will result in

PIV = Vsecondary+ Vr

=Vm+ Vm Figure 2.62 Determining the
PIV level for the diodes of the CT
and PIV= 2Vm CT transformer, full-wave rectifier (2-13) transformer full-wave rectifier.

Determine the output waveform for the network af.F1.63 and calculate the output EXAMPLE 2.19
dc level and the required PIV of each diode.

Figure 2.63 Bridge network for
Example 2.19.

Solution

The network will appear as shown in Fig. 2.64 foe positive region of the input
voltage. Redrawing the network will result in thenfiguration of Fig. 2.65, where
Vo =3V 0rV, =3V, =3%(10V)=5YV, as shown in Fig. 2.65. For the negative
part of the input the roles of the diodes will Ioéerchanged and,wvill appear as
shown in Fig. 2.66.

Figure 2.64 Network of Fig. 2.63 for the positive Figure 2.65 Redrawn network of Fig. 2.64.

region of v;.

The effect of removing two diodes from the bridgafiguration was therefore to
reduce the available dc level to the following:

Vg = 0.636(5 V)= 3.18 V

or that available from a half-wave rectifier withetsame input. However, the PIV as 0|
determined from Fig. 2.58 is equal to the maximwtiage acros®, which is 5V
or half of that required for a half-wave rectifigith the same input.

NI—
—
-

Figure 2.66 Resulting output
for Example 2.19.
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2.9 CLIPPERS

There are a variety of diode networks caltdigpersthat have the ability to “clip”
off a portion of the input signal without distorjirthe remaining part of the alternat-
ing waveform. The half-wave rectifier of Sectiory 2s an example of the simplest
form of diode clipper—one resistor and diode. Dejieg on the orientation of the
diode, the positive or negative region of the ingighal is “clipped” off.

There are two general categories of clippsesiesandparallel. The series con-
figuration is defined as one where the diode isanes with the load, while the par-
allel variety has the diode in a branch parallethte load.

Series

The response of the series configuration of Fig7/&to a variety of alternating wave-
forms is provided in Fig. 2.67b. Although firstriotluced as a half-wave rectifier (for
sinusoidal waveforms), there are no boundaries on the type of signals that can be ap-
plied to a clipper. The addition of a dc supply such as shown in Fig. 2.68 can have a
pronounced effect on the output of a clipper. @uial discussion will be limited to

ideal diodes, with the effect &fr reserved for a concluding example.

+o
4
+o

@

0 t t \/ t t
-V V-

(b)

Figure 2.67 Series clipper.

k
Pt : |I .l ! 3
f i
A
£ l.llI T ¥ g&
- - Figure 2.68 Series clipper with
e - “ adc supply.

There is no general procedure for analyzing neteach as the type in Fig.
2.68, but there are a few thoughts to keep in mind as you work toward a solution.
1. Make a mental sketch of the response of the network based on the direc-
tion of the diode and the applied voltage levels.

For the network of Fig. 2.68, the direction of thed# suggests that the signal
must be positive to turn it on. The dc supply farthequires that the voltage be
greater tharV volts to turn the diode on. The negative regiorthef input signal is
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“pressuring” the diode into the “off” state, supported further by the dc supply. In gen-
eral, therefore, we can be quite sure that the d®d® open circuit (“off” state) for
the negative region of the input signal.
2. Determine the applied voltage (transition voltage) that will cause a change
in state for the diode.

For the ideal diode the transition between statidfisogcur at the point on the
characteristics whereg; = 0 V andig = 0 A. Applying the conditiorig = 0 atvy =
0 to the network of Fig. 2.68 will result in the configuration of Fig. 2.69, where it is
recognized that the level of that will cause a transition in state is

v =V (2.14)

v Vg=0V )
° Iy + N _\Id -0 /3

I
+ | Yy o+
v; R  V,=igR=igR= (O)R=0V

Figure 2.69 Determining the
_ _ transition level for the circuit of g
o o Fig. 2.68. I et
+

For an input voltage greater th&rvolts the diode is in the short-circuit state, while "
for input voltages less thavivolts it is in the open-circuit or “off” state. KVL

3. Be continually aware of the defined terminals and polarity of V. * _

When the diode is in the short-circuit state, suglstaown in Fig. 2.70, the out- Figure 2.70 Determining v,.
put voltagev, can be determined by applying Kirchhoff’'s voltagevlin the clock-

wise direction: N
V; — V — v, = 0 (CW direction) o Va
P L
. A
and Vo=V =V (2.15) 5 11_;..' T

4. It can be helpful to sketch the input signal abthe output and determine |
the output at instantaneous values of the input. :

It is then possible that the output voltage carshetched from the resulting data
points ofv, as demonstrated in Fig. 2.71. Keep in mind that at an instantaneous vi ;
of v; the input can be treated as a dc supply of thatevahd the corresponding dc g¥m =¥
value (the instantaneous value) of the output detexd. For instance, at = V,, i
for the network of Fig. 2.68, the network to be amaly appears in Fig. 2.72. Pdy, ol T T ¢
>V the diode is in the short-circuit state and= V., — V, as shown in Fig. 2.71. ' :

Atv; = Vthe diodes change stateyat= —Vm, Vo = 0'V; and the complete curve ;... > 71 Determining
for v, can be sketched as shown in Fig. 2.73. levels of v,.

+i —i_“-.ll
| | Vo Vin— V
4=
n =V, D I 0 T T t 0 T T t
“"- 2 2

v; =V (diodes change state

Figure 2.72 Determining v, when v; = V.. Figure 2.73 Sketching v,,.
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EXAMPLE 2.20 Determine the output waveform for the network af.Rt.74.

M V5%

i ..||.
= Y = i
F=Y 0 + +
f h
. v e

o I\ T
]
A i
- o —o Figure 2.74  Series clipper for
Example 2.20.
Solution

Past experience suggests that the diode will kberfon” state for the positive re-
gion of v, —especially when we note the aiding effectoft 5 V. The network will
then appear as shown in Fig. 2.75 ageF v; + 5 V. Substitutingy = 0 atvy = 0 for

the transition levels, we obtain the network of RIgi6 andy, = —5 V.
] o
+_5v+
W A

Figure 2.75 v, with diode in
the “on” state.

Vi

+ I
Figure 2.76 Determining the

5 Id:’A
§ R b = VR iR R id 1 (O) =0V

o Fig. 2.74.

o)

For v; more negative thar5 V the diode will enter its open-circuit state, iehi
for voltages more positive than5 V the diode is in the short-circuit state. Thpun
and output voltages appear in Fig. 2.77.

Vo

20 Vi+5V=20V+5V=25V
54\///\1 VO:OV+5V:5V
-5Vl T\ __JT_ t 0 T t
2 \
Transition

voltage

NI—

\,=-5V+5V=0V

(o)

Figure 2.77  Sketching v, for Example 2.20.

The analysis of clipper networks with square-wanputs is actually easier to an-
alyze than with sinusoidal inputs because only lgvels have to be considered. In
other words, the network can be analyzed as if it had two dc level inputs with the re-
sulting outputv, plotted in the proper time frame.
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Repeat Example 2.20 for the square-wave input @f Zi78.

Solution

Forv, = 20V (0 - T/2) the network of Fig. 2.79 will result. The dioden the short-

2]

PR

circuit state andi, = 20 V+ 5V = 25 V. Fory;

sulting output voltage appears in Fig. 2.81.

¢

Figure 2.78 Applied signal for

Example 2.21

—iR

0
+
+ 5V — 5V
20V == §R Yo 10V §R
- +
°
Figure 2.79 v,atv; = +20 V. Figure 2.80 v,atv;=—10V.

—10 V the network of Fig. 2.80
will result, placing the diode in the “off” state ang= irRR = (O)R= 0 V. The re-

EXAMPLE 2.21

L

0

Figure 2.81
Example 2.2

Note in Example 2.21 that the clipper not only clipped off 5 V from the total
swing but raised the dc level of the signal by 5 V.

Parallel

The network of Fig. 2.82 is the simplest of pataliede configurations with the out-
put for the same inputs of Fig. 2.67. The analg$iparallel configurations is very
similar to that applied to series configurationsdamonstrated in the next example.

-V

+o

NN
i R
Vi
o
Vo Vi
V,,
0 t 0
-V[--- -V

Figure 2.82 Response to a parallel clipper.

2.9 Clippers
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EXAMPLE 2.2 Determinev,, for the network of Fig. 2.83.
' ANy

+ R ¢

Ih -_l,.-'"h"'

i ;
L i

“ NS/ Vmr 4y

PR ) T
I a Figure 2.83 Example 2.22.

Solution

The polarity of the dc supply and the directiortted diode strongly suggest that the
diode will be in the “on” state for the negative imggof the input signal. For this re-

gion the network will appear as shown in Fig. 2:84ere the defined terminals for

V, require thaty, = V=4 V.

— ANV °
- R +
Vi W=V=4V
V=4V
+ -|- _ Figure 2.84 v, for the negative
o o region of v;.
a0V The transition state can be determined from Fig5,2where the conditiory =

Since the dc supply is obviously “pressuring” theddi to stay in the short-
circuit state, the input voltage must be greater than 4 V for the diode to be in the “off”
state. Any input voltage less than 4 V will resalia short-circuited diode.

d Bl [ e 0 A atvy = 0 V has been imposed. The resuly;igtransition)= V = 4 V.
dem
- 1J;,=¢| v
+
i T ay For the open-circuit state the network will appaarshown in Fig. 2.86, where

-4 Vo = V;. Completing the sketch af, results in the waveform of Fig. 2.87.
Figure 2.85 Determining the |
transition level for Example 2.22. 16 - p
f{':'r - — - AV transaion level
i ] I'.'H.I‘l Fl T ]
H !
"] g
i
i i
TR i |
A |y
+ o= t oL |
=08} LR -!;.'A".__:
; N "
T i _ll' T I
¥
1 1Y z
= T E Figure 2.87 Sketching v, for
o : Example 2.22.

Figure 2.86 Determining v, for
the open state of the diode.

To examine the effects &fr on the output voltage, the next example will spec-
ify a silicon diode rather than an ideal diode galgint.
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Repeat Example 2.22 using a silicon diode with= 0.7 V. EXAMPLE 2.23

Solution

The transition voltage can first be determined pplygng the conditiorig =0 A at
Vg = Vp = 0.7 V and obtaining the network of Fig. 2.88. Appty Kirchhoff’s volt-
age law around the output loop in the clockwisedation, we find that

Vi + VT -V=0
and vi=V-V:=4V-07V=33V
===l R=0
[
——AAPyr '
+  ig=0A L
¥ - 07 '..':
P, +
b s PRV Figure 2.88 Determining the
- T_ transition level for the network of

7 Fig. 2.83.

For input voltages greater than 3.3 V, the diode will be an open circuit and
Vo = V;. For input voltages of less than 3.3 V, the diodd kal in the “on” state and
the network of Fig. 2.89 results, where

Vo=4V—-07V=33V

Figure 2.89 Determining v, for
the diode of Fig. 2.83 in the “on”
state.

The resulting output waveform appears in Fig. 296te that the only effect oft
was to drop the transition level to 3.3 from 4 V.

1 » N
i I T i Figure 2.90 Sketching v, for
¥ Example 2.23.

There is no question that including the effect&/pfwvill complicate the analysis
somewhat, but once the analysis is understood Wwihideal diode, the procedure,
including the effects of/+, will not be that difficult.

Summary

A variety of series and parallel clippers with tiesulting output for the sinusoidal
input are provided in Fig. 2.91. In particular, ntte response of the last configura-
tion, with its ability to clip off a positive andreegative section as determined by the
magnitude of the dc supplies.

2.9 Clippers
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Figure 2.91 Clipping circuits.
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2.10 CLAMPERS

The clampingnetwork is one that will “clamp” a signal to a different dc level. The
network must have a capacitor, a diode, and a resistive element, but it can also em-
ploy an independent dc supply to introduce an amdit shift. The magnitude d®
andC must be chosen such that the time constantRCis large enough to ensure
that the voltage across the capacitor does nobhaige significantly during the inter-
val the diode is nonconducting. Throughout the ysiglwe will assume that for all
practical purposes the capacitor will fully chagyedischarge in five time constants.

The network of Fig. 2.92 will clamp the input signa the zero level (for ideal
diodes). The resistdR can be the load resistor or a parallel combinadibthe load
resistor and a resistor designed to provide theetbtevel ofR.

+ ' .
= ;_:Jr - J b 4 R Vj-_ () I §R v_O

Figure 2.92  Clamper. Figure 2.93 Diode “on” and the
capacitor charging to V volts.

+o0

<j=0

During the interval 0~ T/2 the network will appear as shown in Fig. 2.93hwi
the diode in the “on” state effectively “shortingtothe effect of the resistdR. The
resultingRCtime constant is so smaR@determined by the inherent resistance of the C
network) that the capacitor will charge Yovolts very quickly. During this interval | - H— . a

¥ +l i
&

the output voltage is directly across the shoxtuitrandv, = 0 V. =
When the input switches to theV state, the network will appear as shown in, L Du § "
Fig. 2.94, with the open-circuit equivalent for td®de determined by the applied
signal and stored voltage across the capacitor—tpo&ssuring” current through the
diode from cathode to anode. Now tlkats back in the network the time constant
determined by th&C product is sufficiently large to establish a disgeaperiod 5  Figure 2.94 Determining v,
much greater than the perid2 - T, and it can be assumed on an approximate bavith the diode “off.”
sis that the capacitor holds onto all its chargd #merefore, voltage (sindé= Q/C)
during this period. i
Sincev, is in parallel with the diode and resistor, it casoabe drawn in the al- L.'
ternative position shown in Fig. 2.94. Applying &ihoff's voltage law around the
input loop will result in

&

-V-V—-v,=0 ] ; T B
and Vo = —2V Vi

The negative sign resulting from the fact thatpbéarity of 2V is opposite to the po-
larity defined forv,. The resulting output waveform appears in Figs2:v&h the in-

put signal. The output signal is clamped to 0 V for the intervalf@2dut maintains i i
the same total swing Y2 as the input. | 4 i
For a clamping network: a T E
The total swing of the output is equal to the total swing of the input il
signal.
This fact is an excellent checking tool for theufegbtained. ap
In general, the following steps may be helpful whealyzing clamping networks:
1. Start the analysis of clamping networks by considering that part of the in- Figure 2.95 Sketching v, for the
put signal that will forward bias the diode. network of Fig. 2.92.

2.10 Clampers 83



The statement above may require skipping an intefvene input signal (as demon-
strated in an example to follow), but the analysi$ mot be extended by an unnec-
essary measure of investigation.

2. During the period that the diode is in the “on” state, assume that the ca-
pacitor will charge up instantaneously to a voltage level determined by the
network.

3. Assume that during the period when the diode is in the “off” state the ca-
pacitor will hold on to its established voltage level.

4. Throughout the analysis maintain a continual awareness of the location
and reference polarity for v, to ensure that the proper levels for v, are ob-
tained.

5. Keep in mind the general rule that the total swing of the total output must
match the swing of the input signal.

EXAMPLE 2.24 Determinev, for the network of Fig. 2.96 for the input indicate
L] = J(KEI H

- | S = 1000 Hz —
s N L o

&} 5 1. Iy iy f
¥ R il

I .I. A%
P, | | —— --i" ¥

Figure 2.96 Applied signal and network for Example 2.24.

i.' Solution
- - ,!II‘ + % 1| ~  Note that the frequency is 1000 Hz, resulting inesiqel of 1 ms and an interval of
0.5 ms between levels. The analysis will begin vifté periodt; - t, of the input
any L RS0 signal since the diode is in its short-circuit stas recommended by comment 1. For
~ |_W this interval the network will appear as shown ig.R2.97. The output is across
+ _T ; but it is also directly across the 5-V battery duyfollow the direct connection be-
o + - = tween the defined terminals fgg and the battery terminals. The resulivis= 5 V
Figure 2.97 Determining v, and for this interval. Applying Kirchhoff’s voltage lawround the input loop will result in
;/[gtzlth the diode in the “on -20V+Ve—-5V=0
and V=25V
. s o The capacitor will therefore charge up to 25 V, ttesl in comment 2. In this
+ it 1 ; case the resistdR is not shorted out by the diode but a Thévenin equivalent circuit
of that portion of the network which includes the battery and the resistor will result
v a u in Ry, = 0 Q with Er, = V = 5 V. For the period, - t; the network will appear as
3 3 shown in Fig. 2.98.
SV The open-circuit equivalent for the diode will reveathe 5-V battery from hav-
= i — ing any effect orv,, and applying Kirchhoff’s voltage law around theside loop of
< the network will result in
K¥L
+10V+25V—-v,=0
Figure 2.98 Determining v,
with the diode in the “off” state. and Vo =35V
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The time constant of the discharging network of. B@®8 is determined by the
productRC and has the magnitude

7= RC= (100 K2)(0.1 uF) = 0.01 s= 10 ms
The total discharge time is therefore=5 5(10 ms)= 50 ms.

Since the interval, — t3 will only last for 0.5 ms, it is certainly a goodmpxima-
tion that the capacitor will hold its voltage dgithe discharge period between pulses
of the input signal. The resulting output appear$ig. 2.99 with the input signal.
Note that the output swing of 30 V matches the firgwing as noted in step 5.

By
5 — p— —
103 i
I:I- 3 Iy iy iy K ETRY
CIRY
! 5 A
- |_ . =i i | 1 Figure 2.99 v; and v, for the
ib & ty £ P clamper of Fig. 2.96.
Repeat Example 2.24 using a silicon diode With= 0.7 V. EXAMPLE 2.25
Solution

For the short-circuit state the network now takeghe appearance of Fig. 2.100 and

V, can be determined by Kirchhoff's voltage law in théput section. —H = I
+5V — 0.7V~ V=0 '* i
oy
and Vo=5V—-07V=43V :E|
For the input section Kirchhoff’'s voltage law wilsult in % T 5|"* E
—20V+Ve+07V—-5V=0 " . J
and Ve=25V—-07V=243V

Figure 2.100 Determining v,

For the period, — t5the network will now appear as in Fig. 2.101, whi bnly ~ and Vc with the diode in the “on”
change being the voltage across the capacitoryimpKirchhoff’s voltage law yields ¢

+10V+243V—-yv,=0

and Vo =343V
l—1 .
* _J-I i 'l-'+ l [ ‘
IR i
o
> T : o Figure 2.101 Determining v,

e

with the diode in the open state.
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The resulting output appears in Fig. 2.102, verifying the statement that the input and
output swings are the same.

431V - F—

N 4

§3V —=

Figure 2.102  Sketching v, for
the clamper of Fig. 2.96 with a
silicon diode.

A number of clamping circuits and their effect & tinput signal are shown in
Fig. 2.103. Although all the waveforms appearing-ig. 2.103 are square waves,
clamping networks work equally well for sinusoid#ynals. In fact, one approach to
the analysis of clamping networks with sinusoidgduits is to replace the sinusoidal
signal by a square wave of the same peak valuesrédulting output will then form
an envelope for the sinusoidal response as shown in Fig. 2.104 for a network appear-
ing in the bottom right of Fig. 2.103.

'lll
i s T |
c wl C 1
' 1R o=l ey, . 5 2y
i & T T i Fa ' -
I‘II T ] i | | 1 :]r 1 T 1I- 4
& - = B 2 = ]
¥
I 11—
p
'I'
W R & 0 —— &%
_ l..:=_ _ -'u_‘J _qvl; . V)
[ - =1 1 F—f— i -1

Figure 2.103 Clamping circuits with ideal diodes (57 = 5RC => T/2).
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+0
o=
+ 0o

i +30
20V ! /\ /\
— \ - g R V.

10v ’ VARV

]

-20V

o

Figure 2.104 Clamping network with a sinusoidal input.

2.11 ZENER DIODES

The analysis of networks employing Zener diodes is quite similar to that applied to
the analysis of semiconductor diodes in previoutiaes. First the state of the diode
must be determined followed by a substitution ef dppropriate model and a deter-
mination of the other unknown quantities of thewwk. Unless otherwise specified,

the Zener model to be employed for the “on” statk bé as shown in Fig. 2.105a.

For the “off” state as defined by a voltage lessitiia but greater than 0 V with the
polarity indicated in Fig. 2.105b, the Zener equévilis the open circuit that appears

in the same figure.

+ i +
Vi . i
i
Vo 0 >0V [ A -
Figure 2.105 Zener diode .
equivalents for the (a) “on” and
iml 1] (b) “off” states. ¥ i Ry
1
\% ; and R -

The simplest of Zener diode networks appears in ZEib06. The applied dc voltage rigure 2.106 Basic Zener regu-
is fixed, as is the load resistor. The analysis foamdamentally be broken down into lator.
two steps.

1. Determine the state of the Zener diode by removing it from the network
and calculating the voltage across the resulting open circuit.

Applying step 1 to the network of Fig. 2.106 widlsult in the network of Fig PP 1
2.107, where an application of the voltage dividde will result in -
_y - RV e Y.  eA
V=Vi= gk (2.16) R

If V=V, the Zener diode is “on” and the equivalent modeFigf. 2.105a can bt w
substitu_ted. IfV_< Vz, the diode is “off” and the open-circuit equivalence of Fig.rigure 2.107 Determining the
2.105b is substituted. state of the Zener diode.
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LI 2. Substitute the appropriate equivalent circuit and solve for the desired un-

N ._,l fi knowns.
r + For the network of Fig. 2.106, the “on” state wilktédt in the equivalent network
v, = .

g ¥, of Fig. 2.108. Since voltages across parallel efgmmust be the same, we find that

The Zener diode current must be determined by phcagion of Kirchhoff's current
law. That is,
Figure 2.108 Substituting the
Zener equivalent for the “on” situ- lr=1z+ I
ation.
and |z= IR_ ||_ (218)
where
A Ve V-V,
IL=—= and g=-=-—-L
L RL R R R

The power dissipated by the Zener diode is detexdhby

PZ = VZ IZ (219)

which must be less than tiRe, specified for the device.

Before continuing, it is particularly important tealize that the first step was em-
ployed only to determine th&tate of the Zener diod#. the Zener diode is in the
“on” state, the voltage across the diode is Vi@blts. When the system is turned on,
the Zener diode will turn “on” as soon as the valtagross the Zener diode\is
volts. It will then “lock in” at this level and neweeach the higher level &f volts.

Zener diodes are most frequently usedegulator networks or as aeference
voltage. Figure 2.106 is a simple regulator degsigonamaintain a fixed voltage across
the loadR,_. For values of applied voltage greater than reglio turn the Zener diode
“on,” the voltage across the load will be maintair¢d, volts. If the Zener diode is
employed as a reference voltage, it will provide\gel for comparison against other
voltages.

EXAMPLE 2.26 (a) For the Zener diode network of Fig. 2.109, detee,, Vg, |-, andP,.
(b) Repeat part (a) witR_= 3 k().

. A Figure 2.109 Zener diode
w regulator for Example 2.26.

Solution

(a) Following the suggested procedure the networkdsawn as shown in Fig.
2.110. Applying Eq. (2.16) gives

vo RV _ 12k0(16V)
" R+R 1kQ+1.2kQ

=8.73V
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Figure 2.110 Determining V for
- the regulator of Fig. 2.109.

SinceV = 8.73 V is less thaW; = 10 V, the diode is in the “off” state as showr . 7 fmAd
on the characteristics of Fig. 2.111. Substitutimg open-circuit equivalent will re-
sult in the same network as in Fig. 2.110, wherdfing: that |

Vom0V
VL =V=8.73V 3 =
Ve=V,—V =16V —-873V=7.27V CRERY B
IZ =0A
— — — Figure 2.111  Resulting operat-
and Pz=Vaz = V04 =0 W ing point for the network of Fig.
(b) Applying Eq. (2.16) will now result in 2.109.

vo RV _ 3k0(16V)

“R+R _1ko+3ka 2V

SinceV = 12 V is greater thak; = 10 V, the diode is in the “on” state and the net-
work of Fig. 2.112 will result. Applying Eg. (2.1¥)elds

VL:VZ:10V
and Vr=Vi—V_ =16V-10V=6V
. \ 10V
with |L=¢=m=3.33mA
_Vr_ 6V _
and IR—R TrQ 6 mA
so that I, =1g— I [EQ. (2.18)]
=6 mA— 3.33 mA
= 2.67 mA

The power dissipated,
P; = Vi, = (10 V)(2.67 mA)= 26.7 mW
which is less than the specifi€d,, = 30 mW.

J-!
PP
| k2
‘ [ } | i
v LRy 5 I v R g': kil

— 1 Figure 2.112  Network of Fig.
2.109 in the “on” state.
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Fixed V;, Variable R;

Due to the offset voltag¥,, there is a specific range of resistor values taedefore
load current) which will ensure that the Zenemighe “on” state. Too small a load
resistancdr_ will result in a voltage/, across the load resistor less thgn and the
Zener device will be in the “off” state.

To determine the minimum load resistance of Fij0&.that will turn the Zener
diode on, simply calculate the valueRf that will result in a load voltage, = V..
That is,

V.
V|_ = VZ = RLRL+ IR
Solving forR_, we have
__RV;
R = V=V, (2.20)

Any load resistance value greater than Rpeobtained from Eq. (2.20) will ensure
that the Zener diode is in the “on” state and tleeldican be replaced by s source
equivalent.

The condition defined by Eq. (2.20) establishesmi@mumR_ but in turn spec-
ifies the maximuml, as

I = % = RLV—an (2.21)
Once the diode is in the “on” state, the voltage s€Rremains fixed at
Vo=V, — Vy (2.22)
andlg remains fixed at
g = % (2.23)
The Zener current
lz=1r— I (2.24)

resulting in a minimum; whenl_ is a maximum and a maximula whenl_ is a
minimum value sincég is constant.

Sincel; is limited tol,y as provided on the data sheet, it does affect thgera
of R_ and thereforé, . Substitutingly, for 1, establishes the minimuip as

I = IR~ Izm (2.25)

and the maximum load resistance as

V.
RLmaX = Z

I I—min

(2.26)
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(a) For the network of Fig. 2.113, determine the eaofR,_and|, that will result EXAMPLE 2.27
in Vg, being maintained at 10 V.
(b) Determine the maximum wattage rating of the diod

I.-_2 = i
Tog =12 ma

= Figure 2.113 Voltage regulator
for Example 2.27.

Solution
(&) To determine the value Bf that will turn the Zener diode on, apply Eqg. (2.20):

R =Rz _ (1kO)10V) 10k
mn\, =V, 50V -—-10V 40

The voltage across the resis®is then determined by Eq. (2.22):
Ve=V,—-V,=50V-10V=40V
and Eq. (2.23) provides the magnitudd @f

I_ﬁ_mv
R R 1kQ

The minimum level of_ is then determined by Eqg. (2.25):
||_rnln = IR_ IZM =40 mA— 32 mA=8 mA
with Eq. (2.26) determining the maximum valueRpf

_V, _ 10V
R =7 "~ 8mA

A plot of V, versusR_ appears in Fig. 2.114a and fér versusl, in Fig. 2.114b.

(b) Pmax= Vz Izm
= (10 V)(32 mA)= 320 mW

= 2500

=40 mA

= 1.25 kO

iy

1] o6 1.25 ka ﬁ'- EmA Al mu, A
Pk ihi

Figure 2.114 V| versus R; and I; for the regulator of Fig. 2.113.
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Fixed R;, Variable V;

For fixed values oR_ in Fig. 2.106, the voltag¥; must be sufficiently large to turn
the Zener diode on. The minimum turn-on voltage= V; . is determined by

_y RV
Vi=Vz = R +R
and Vi, = (RL%RLR)VZ (2.27)

The maximum value o¥; is limited by the maximum Zener curreigt,. Since
Izm = Ir— I,

IR = 1zm + 1L (2.28)

Sincel, is fixed atVz/R_andlyy is the maximum value df, the maximumy,
is defined by

Vi = VRmax + VZ

max

Vi =Ig R+V, (2.29)

EXAMPLE 2.28

Figure 2.116 V; versus V, for
the regulator of Fig. 2.115.

92

Determine the range of values\gfthat will maintain the Zener diode of Fig. 2.115
in the “on” state.

Figure 2.115 Regulator for Ex-
ample 2.28.

Solution
_ (RL+ RV, _ (12000 +2200)(20 V) _

I = R R 12kQ 16.67 mA
Eq. (2.28): I = Izm + I = 60 MA + 16.67 mA
= 76.67 mA

Eq. (2.29): V, = Ir R+ Vz
= (76.67 mA)(0.22 k) + 20 V
=16.87 V+ 20V
= 36.87V
A plot of V| versusV, is provided in Fig. 2.116.

Chapter 2 Diode Applications



The results of Example 2.28 reveal that for the network of Fig. 2.115 with a fixed
R_, the output voltage will remain fixed at 20 V forange of input voltage that ex-
tends from 23.67 to 36.87 V.

In fact, the input could appear as shown in Figl2.and the output would re-
main constant at 20 V, as shown in Fig. 2.116. The waveform appearing in Fig. 2.117
is obtained byiltering a half-wave- or full-wave-rectified output—a prosetescribed
in detail in a later chapter. The net effect, howgigeto establish a steady dc voltage
(for a defined range df;) such as that shown in Fig. 2.116 from a sinudaidarce
with 0 average value.

an
. A . .

M} Y e e

B || =

10 F

| — Figure 2.117 Waveform gener-
P " ated by a filtered rectified signal. & WV _
—AAA———
. . . . . 5 kik

Two or more reference levels can be establishedldning Zener diodes in series T
as shown in Fig. 2.118. As long ¥sis greater than the sum ®f, andV;,, both e
diodes will be in the “on” state and the three refee voltages will be available. | ﬁ'qw ST

Two back-to-back Zeners can also be used as an ac regulator as shown in = |=
2.119a. For the sinusoidal signathe circuit will appear as shown in Fig. 2.119b al r Y
the instanty; = 10 V. The region of operation for each diode is ¢atkd in the ad- |

joining figure. Note thaZ, is in a low-impedance region, while the impedanc&.of T
is quite large, corresponding with the open-circajiresentation. The result is that

Vo = Vi Wheny; = 10 V. The input and output will continue to duplieaach other gi,..c 5 118 Establishing three
until v; reaches 20 VZ, will then “turn on” (as a Zener diode), whilg will be in @  reference voltage levels.

o M o Vo
+ 5 kQ +
22V Z;

v, 20-V < Vo 20V i
0 v ot Zeners 0 T 20V, ot

)
ol

@)

3

1L |
Vv, =10V ==
| ' \/V O '
Z;

(b)

Figure 2.119 Sinusoidal ac regulation: (a) 40-V peak-to-peak sinusoidal ac reg-
ulator; (b) circuit operation at v; = 10 V.
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region of conduction with a resistance level sidfitly small compared to the series
5-kQ) resistor to be considered a short circuit. Theltieguoutput for the full range
of v; is provided in Fig. 2.119(a). Note that the wavefas not purely sinusoidal, but
its rms value is lower than that associated withlla22-V peak signal. The network
is effectively limiting the rms value of the avdila voltage. The network of Fig.
2.119a can be extended to that of a simple squave-generator (due to the clip-
ping action) if the signal; is increased to perhaps a 50-V peak with 10-V Zeasr
shown in Fig. 2.120 with the resulting output wawef.

o AN\ o} A
50V + 5kQ + +
Z
v; 10-v<_ Vo OV
0 o711 oot Zeners ;'2 T RV E—— | I
o o>

Figure 2.120 Simple square-wave generator.

2.12 VOLTAGE-MULTIPLIER CIRCUITS

Voltage-multiplier circuits are employed to maimtai relatively low transformer peak
voltage while stepping up the peak output voltagéno, three, four, or more times
the peak rectified voltage.

Voltage Doubler

The network of Figure 2.121 is a half-wave voltagebler. During the positive volt-
age half-cycle across the transformer, secondamedda conducts (and diodB, is
cut off), charging capacitdC, up to the peak rectified voltag¥,{). DiodeD;, is ide-
ally a short during this half-cycle, and the inpottage charges capacit@y to V,,
with the polarity shown in Fig. 2.122a. During thegative half-cycle of the sec-
ondary voltage, diod®- is cut off and diodeD, conducts charging capacit@.
Since diodeD, acts as a short during the negative half-cycle @odeD, is open),
we can sum the voltages around the outside loa K&e 2.122b):

~Vm— Ve, + Vg, =0
Vi = Vin+ Ve, =0

from which
Ve, = 2Vim
e

- > -
N v L

g“ W, ¥ I —t

! ® Figure 2.121 Half-wave voltage

= L o doubler.
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Diude Ly * Dinde I . Figure 2.122  Double opera-
Saiaiins icapsricinoKing tion, showing each half-cycle of
operation: (a) positive half-cycle;
Tl ] (b) negative half cycle.

On the next positive half-cycle, diod® is nonconducting and capacitGs will dis-
charge through the load. If no load is connectedssccapacito€,, both capacitors
stay charged-€; to V,, andC, to 2Vv,,,. If, as would be expected, there is a load con-
nected to the output of the voltage doubler, théaga across capacit@ drops dur-
ing the positive half-cycle (at the input) and tapacitor is recharged up t¥,2dur-
ing the negative half-cycle. The output waveformoas capacitoC, is that of a
half-wave signal filtered by a capacitor filter. The peak inverse voltage across each
diode is &/,

Another doubler circuit is the full-wave doubler of Fig. 2.123. During the posi-
tive half-cycle of transformer secondary voltagee(§ig. 2.124a) diode, conducts
charging capacito€, to a peak voltag¥,,,. DiodeD, is honconducting at this time.

0k
g
=
TE:
i

| H @ Figure 2.123 Full-wave voltage
th doubler.

Nonconducting

_N_/___'

Dy |
Cut
=V

]|

L

<

DZ\Nonconducting Dz\ Conducting Figure 2.124 .Alternate half-
cycles of operation for full-wave

(@ (b) voltage doubler.
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During the negative half-cycle (see Fig. 2.124lmdéiD, conducts charging ca-
pacitorC, while diodeD, is nonconducting. If no load current is drawn frtima cir-
cuit, the voltage across capacit@sandC, is 2V, If load current is drawn from the
circuit, the voltage across capacit@sandC, is the same as that across a capacitor
fed by a full-wave rectifier circuit. One differemds that the effective capacitance
is that of C; andC, in series, which is less than the capacitance bke@; or C,
alone. The lower capacitor value will provide padikering action than the single-
capacitor filter circuit.

The peak inverse voltage across each diod¥js &s it is for the filter capacitor
circuit. In summary, the half-wave or full-wave \aae-doubler circuits provide twice
the peak voltage of the transformer secondary whigiiring no center-tapped trans-
former and only ¥, PIV rating for the diodes.

Voltage Tripler and Quadrupler

Figure 2.125 shows an extension of the half-wavéage doubler, which develops
three and four times the peak input voltage. It should be obvious from the pattern of
the circuit connection how additional diodes angazdtors may be connected so that
the output voltage may also be five, six, seven, amars, times the basic peak

voltage ¥,).

(e} F i F YL

Figure 2.125 Voltage tripler and quadrupler.

In operation capacitd€, charges through diode, to a peak voltagey,, during
the positive half-cycle of the transformer secogdaitage. Capacito€, charges to
twice the peak voltageVg, developed by the sum of the voltages across capagit
and the transformer, during the negative half-cpélthe transformer secondary volt-
age.
During the positive half-cycle, diode; conducts and the voltage across capaci-
tor C, charges capacito€; to the same \2,, peak voltage. On the negative half-
cycle, diodedD, andD, conduct with capacito€s, chargingC, to 2V,

The voltage across capacitos is 2V,,, acrosC, andC; it is 3V,,,, and acros&,
andC, it is 4V, If additional sections of diode and capacitor ased, each capaci-
tor will be charged to\2,. Measuring from the top of the transformer wind{fig.
2.125) will provide odd multiples df,,, at the output, whereas measuring the output
voltage from the bottom of the transformer will yiste even multiples of the peak
voltage, V.

The transformer rating is onl,,, maximum, and each diode in the circuit must
be rated at 2, PIV. If the load is small and the capacitors hatteelleakage, ex-
tremely high dc voltages may be developed by tpe tof circuit, using many sec-
tions to step up the dc voltage.
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2.13 PSPICE WINDOWS

Series Diode Configuration

PSpice Windows will now be applied to the network of Fig. 2.27 to permit a com-
parison with the hand-calculated solution. As lyielescribed in Chapter 1, the ap-
plication of PSpice Windows requires that the nekwiirst be constructed on the
schematics screen. The next few paragraphs withex@the basics of setting up the
network on the screen, assuming no prior experigvite the process. It might be
helpful to reference the completed network of 2id.26 as we progress through the
discussion.

R1

Al o] .
10.00 f 4.?kD1N4143 421.56m

10.00V _ 218.79MY oy 421.56mV

(¢ Jj2.081ma R2 522k

\c‘, 3
E1 —10V g2 —— 5V Figure 2.126 PSpice Windows
T. analysis of a series diode
configuration.

)

In general, it is easier to draw the network if the grid is on the screen and the stip-
ulation is made that all elements be on the grids Will ensure that all the connec-
tions are made between the elements. The screemecset up by first choosir@p-
tions at the heading of the schematics screen, followedisplay Options. The
Display Options dialog box will permit you to make all the choicescessary re-
garding the type of display desired. For our puegosve will choosé&rid On, Stay
on Grid, andGrid Spacing of 0.1 in.

R

The resistoR will be the first to be positioned. By clicking ¢ime Get New Part
icon (the icon in the top right area with the binkecs) followed byLibraries, we
can choose thanalog.slb library of basic elements. We can then scroll Plagt list
until we findR. Clicking onR followed by OK will result in thePart Browser Ba-
sic dialog box reflecting our choice of a resistivenadmt. Choosing th@lace &
Closeoption will place the resistive element on the sarand close the dialog box.
The resistor will appear horizontal, which is petfler theR,; of Fig. 2.27 (note Fig.
2.126). Move the resistor to a logical location, atick the left button of the mouse—
the resistoR; is in place. Note that it snaps to the grid struethe resistoR, must
now be placed to the right &;. By simply moving the mouse to the right, the sec-
ond resistor will appear, ang, can be placed in the proper location with a subse-
quent click of the mouse. Since the network only tveo resistors, the depositing of
resistors can be ended by a right click of the raol$e resistoR, can be rotated
by pressing the key€trl andR simultaneously or by choosirgdit on the menu
bar, followed byRotate.

The result of the above is two resistors with tightrlabels but the wrong val-
ues. To change a value, double click on the valutaefscreen (firsR1). A Set At-
tribute Value dialog box will appear. Type in the correct value, and send the value
to the screen witlOK. The 4.7K) will appear within a box that can be moved by
simply clicking on the small box and, while holditige clicker down, moving the
4.7k to the desired location. Release the clicker, aed4ti7) label will remain
where placed. Once located, an additional click drgre on the screen will remove
the boxes and end the process. If you want to move thé€4o7the future, simply
click once on the value and the boxes will reappRapeat the above for the value
of the resistoR,
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To remove (clip) an element, simply click on it @stablish the red or active
color), and then click thecissorsicon or use the sequengglit-Delete.

E

The voltage sources are set by going testhece.slblibrary of Library Browser
and choosingvDC. Clicking OK results in the source symbol appearing on the
schematic. This symbol can be placed as requirédr Blicking it in the appropri-
ate place, &1 label will appear. To change the labeBb simply click theV1 twice
and ankdit Reference Designatordialog box will appear. Change the labelBb
and clickOK, and thenE1 will appear on the screen within a box. The box ban
moved in the same manner as the labels for resistors. When you have the correct po-
sition, simply click the mouse once more and plagas desired.

To set the value d&,, click the value twice and tHget Attribute Value will ap-
pear. Set the value to 10V and clioK. The new value will appear on the schematic.
The value can also be set by clicking the battgrgtml itself twice, after which a
dialog box will appear labelddl PartName:VDC. By choosingDC = 0V, DC and
Value will appear in the designated areas at the tophefdialog box. Using the
mouse, bring the marker to thalue box and change it to 10V. Then cliSlave Attr.
to be sure and save the new value, an®knwill result in E; being changed to 10V.
E, can now be set, but be sure to turn it 180° withappropriate operations.

DIODE

The diode is found in thEVAL.slb library of theLibrary Browser dialog box.
Choosing théD1N4148diode followed by atOK andClose & Placewill place the
diode symbol on the screen. Move the diode to threect position, click it in place
with a left click, and end the operation with a right click of the mouse. The Bftels
and D1N4148will appear near the diode. Clicking on either labél provide the
boxes that permit movement of the labels.

Let us now take a look at the diode specs by clighhe diode symbol once, fol-
lowed by theEdit-Model-Edit Instance Model sequence. For the moment, we will
leave the parameters as listed. In particular, tiael = 2.682nA and the terminal
capacitance (important when the applied frequermnpines a factor) is 4pF.

IPROBE

One or more currents of a network can be displdyethserting aHPROBE in
the desired patiPROBE is found in theSPECIAL.slb library and appears as a me-
ter face on the screetPROBE will respond with a positive answer if the current
(conventional) enters the symbol at the end wighafc representing the scale. Since
we are looking for a positive answer in this inigegion, IPROBE should be in-
stalled as shown in Fig. 2.126. When the symbest &ppears, it is 180° out of phase
with the desired current. Therefore, it is necessanyse theCtrl-R sequence twice
to rotate the symbol before finalizing its positigks with the elements described
above, once it is in place a single click will plabe meter and a right click will com-
plete the insertion process.

LINE

The elements now need to be connected by chodsegdn with the thin line
and pencil or by the sequenideaw-Wire. A pencil will appear that can draw the de-
sired connections in the following manner: Move feacil to the beginning of the
line, and click the left side of the mouse. The pencil is now ready to draw. Draw the
desired line (connection), and click the left sidmia when the connection is com-
plete. The line will appear in red, waiting for amet random click of the mouse or
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the insertion of another line. It will then turnegeto indicate it is in memory. For
additional lines, simply repeat the procedure. Wtlene, simply click the right side
of the mouse.

EGND

The system must have a ground to serve as a reference point for the nodal volt-
ages. Earth groun@EGND) is part of the®ORT.slb library and can be placed in the
same manner as the elements described above.

VIEWPOINT

Nodal voltages can be displayed on the diagrann giféesimulation usiny/IEW-
POINTS, which is found in theSPECIAL.slb library. Simply place the arrow of the
VIEWPOINT symbol where you desire the voltage with respegtéoind. AVIEW-
POINT can be placed at every node of the network if resggsalthough only three
are placed in Fig. 2.126. The network is now comeplas shown in Fig 2.126.

ANALYSIS

The network is now ready to be analyzed. To expeti# process, click ohnaly-
sisand choosé’robe Setup.By selectingDo not auto-run Probeyou save inter-
mediary steps that are inappropriate for this agigiyt is an option that will be dis-
cussed later in this chapter. Af®K, go to Analysis and choosé&imulation. If the
network was installed properly, RSpiceAD dialog box will appear and reveal that
the bias (dc) points have been calculated. If we agit the box by clicking on the
small x in the top right corner, you will obtain the results appearing in Fig. 2.126.
Note that the program has automatically provideat fdc voltages of the network
(in addition to theVIEWPOINT voltages). This occurred because an option under
analysis was enabled. For future analysis we walhixcontrol over what is displayed
so follow the path througAnalysis-Display Results on Schematiand slide over to
the adjoiningEnable box. Clicking theEnable box will remove the check, and the
dc voltages will not automatically appear. Theylwihly appear where/IEW-
POINTS have been inserted. A more direct path toward odimg the appearance
of the dc voltages is to use the icon on the memwiith the large capitdl. By click-
ing it on and off, you can control whether the deele of the network will appear.
The icon with the large capitalwill permit all the dc currents of the network te b
shown if desired. For practice, click it on andaxfid note the effect on the schematic.
If you want to remove selected dc voltages on the schematic, simply click the nodal
voltage of interest, then click the icon with theatler capitalV in the same group-
ing. Clicking it once will remove the selected dc voltage. The same can be done for
selected currents with the remaining icon of theugr For the future, it should be
noted that an analysis can also be initiated byplsiralicking the Simulation icon
having the yellow background and the two wavefo(atgiare wave and sinusoidal).

Note also that the results are not an exact mattththvose obtained in Example
2.11. TheVIEWPOINT voltage at the far right is421.56 rather than the454.2
mV obtained in Example 2.11. In addition, the current is 2.081 rather than the 2.066
mA obtained in the same example. Further, the veltagoss the diode is 281.79 mV
+ 421.56 mV= 0.64 V rather than the 0.7 V assumed for all silidiodes. This all
results from our using a real diode with a long dfvariables defining its operation.
However, it is important to remember that the arialgé Example 2.11 was an ap-
proximate one and, therefore, it is expected thaté¢lselts are only close to the ac-
tual response. On the other hand, the results @utdor the nodal voltage and cur-
rent are quite close. If taken to the tenths pldgecurrents (2.1 mA) are an exact match.

The results obtained in Fig. 2.126 can be imprdiethe sense that they will be
a closer match to the hand-written solution) bglkitig on the diode (to make it red)
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B B=75 Fi 2.127 The circuit of Fi
- : . igure 2. e circuit of Fig-
T - ure 2.126 reexamined with
—T- I set to 3.5E-15A.

and using the sequenkdit-Model-Edit Instance Model (Text) to obtain theviodel

Editor dialog box. Choosds = 3.5E-15A (a value determined by trial and error),
and delete all the other parameters for the deviben, follow with OK-Simulate

icon to obtain the results of Fig. 2.127. Note that the voltage across the diode now is
260.17 mV+ 440.93 mV= 0.701V, or almost exactly 0.7 V. TMEWPOINT volt-

age is—440.93 V or, again, an almost perfect match withhad-written solution

of —0.44 V. In either case, the results obtained are very close to the expected values.
One is more accurate as far as the actual devamniserned, while the other provides

an almost exact match with the hand-written sofuti@ne cannot expect a perfect
match for every diode network by simply settipgpl3.5E-15A. As the current through

the diode changes, the level ginhust also change if an exact match with the hand-
written solution is to be obtained. However, rattiean worry about the current in
each system, it is suggested that13.5E-15A be used as the standard value if the
PSpice solution is desired to be a close match thighhand-written solution. The re-
sults will not always be perfect, but in most cattey will be closer than if the pa-
rameters of the diode are left at their defaultgal For transistors in the chapters to
follow, it will be set to 2E-15A to obtain a suitabinatch with the hand-written so-
lution. Note also that thBias Current Display was enabled to show that the current

is indeed the same everywhere in the circuit.

The results can also be viewed in tabulated formrdiyrning toAnalysis and
choosingexamine Output. The result is the long listing of Fig. 2.128. Thehemat-
ics Netlistdescribes the network in terms of humbered nodes.Olrefers to ground
level, with the 10V source from node O to 5. Thersei?2 is from O to node 3. The
resistorR2 is connected from node 3 to 4, and so on. Scrotlimgn the output file,
we find theDiode MODEL PARAMETERS clearly showing thatglis set at 3.5E-
15A and is the only parameter listed. Next is #MALL SIGNAL BIAS SOLU-
TION or dc solution with the voltages at the variousewdn addition, the current
through the sources of the network is shown. Thgatne sign reveals that it is re-
flecting the direction of electron flow (into thegitive terminal). The total power dis-
sipation of the elements is 31.1 mW. Finally, @EPERATING POINT INFOR-
MATION reveals that the current through the diode is th@7and the voltage across
the diode 0.701 V.

The analysis is now complete for the diode cirofiinterest. We have not touched
on all the alternative paths available through E&Windows, but sufficient cover-
age has been provided to examine any of the networks covered in this chapter with a
dc source. For practice, the other examples shoailldxamined using the Windows
approach since the results are provided for corspariThe same can be said for the
odd-numbered exercises at the end of this chapter.

Diode Characteristics

The characteristics of the D1N4148 diode used in the above analysis will now be ob-
tained using a few maneuvers somewhat more sogtisti than those employed pre-
viously. First, the network in Fig. 2.129 is consted using the procedures described
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DO CIRCUIT DESCRIPTION

P e R e e T e e e T R R DL S L S L LR bl b

* Bchematics Wetlist »

R_R1 FN 0002 £N_ 0001 4.7k
V_E2 0 $N_0003 5V

R_R2 EN_0003 $N 0004 2.2k
V_E1 FH_O005 0 10V

ool $N_0001 $8 0004 DIN4A14E-X2
v_V3 $N_O0D05 $£N_0002 0

bl Diode MODEL PARAMETERS

RN RN R A R RN A N AN N AN Ak ad T RN AN A RN NN R A AN A bk bbb ANF R AN AT kb ke

DIN4148-X2
I5 3.500000E-15

CrIae SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C

e T S L L e LR T TR R T RS L L R AL LA A LR L R AL L LR bbb bbb

HODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
(¥N_D00L} L2602 {¥N_0002) 1¢.0000
{$N_0003} -5.04000 {$M_0004) -.4409

{$m_0005) 10.0000

VOLTAGE SOURCE CURRENTS

HAME CURRENT

V_E2 -2.072E-03
V_E1 -2.072E-03
v_V3 2.072E-03

TOTAL POWER DISSIPATION 3.11E-02 wWATTS

LRI OFPERATING POINT INFCRMATION TEMFERATURE = 27.000 DEG C

B e e T T R S R R R L LA AL AL L R RN R L R A PR A R ALl E b bl

*xwx DIODES

MAME L_Dl

MODEL DIN4148-X2

1D 2.07E-03

:EQ ;.gég;gi Figure 2.128 Output file for

CAP 0. 00E+00 PSpice Windows analysis of the
circuit of Figure 2.127.

above. Note, however, théd appearing above the diodd. A point in the network ) "
(representing the voltage from anode to groundHerdiode) has been identified as . b | vd
a particular voltage by double-clicking on the witleove the device and typing Vd &= o D1 X2 DINdt4a

in the Set Attribute Value as theLABEL. The resulting voltag&/ is, in this case, ) |
the voltage across the diode. =

Next, Analysis Setupis chosen by either clicking on the Analysis Setqm (at . 2.120  Network to ob-
the top left edge of the schematic with the horiabblue bar and the two small (ain the characteristics of the
squares and rectangles) or by using the sequemalysis-Setup.Within the Analy-  D1N4148 diode.
sis-Setupdialog box theDC Sweepis enabled (the only one necessary for this ex-
ercise), followed by a single click of tHeC Sweeprectangle. ThddC Sweepdia-
log box will appear with various inquiries. In thiase, we plan to sweep the source
voltage from 0 to 10 V in 0.01-V increments, so Bwept Var. Type is Voltage
Source, thesweep Typewill be linear, theName E, and theStart Value 0V, theEnd
Value 10V, and thdncrement 0.01V. Then, with afOK followed by aClose of the
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Figure 2.130 Characteristics of

the DIN4148 diode.

102

Analysis Setupbox, we are set to obtain the solution. The analysise performed
will obtain a complete solution for the network for each valu& &om 0 to 10 V

in 0.01-V increments. In other words, the network & analyzed 1000 times and

the resulting data stored for the plot to be obtained. The analysis is performed by the

sequenceéinalysis-Run Probe, followed by an immediate appearance of e
croSim Probegraph showing only a horizontal axis of the sowakageE running

from O to 10 V.

BmA ! 0 0 0 0
: |
Bind 1 - - - - -
. 1
Amb
1

o3 4
oV a.z2v
vivd)

o I{Dl})

Since the plot we want is df versusVp, we have to change the horizontal
(x-axis) toVp. This is accomplished by selectifgot and thenX-Axis Settingsto
obtain theX Axis Settingsdialog box. Next, we cliclxis Variable and selecV/(Vd)
from the listing. AfterOK, we return to the dialog box to set the horizostle.
ChooseUser Defined,then enter OV to 1V since this is the range ofradefor Vd
with aLinear scale. ClickOK and you will find that the horizontal axis is now V(Vd)
with a range of 0 to 1.0 V. The vertical axis mustvrbe set tdp by first choosing
Trace (or theTrace icon, which is the red waveform with two sharp peaks and a set

of axis) and therAdd to obtainAdd Traces. Choosingl(D1) and clickingOK will
result in the plot of Fig. 2.130. In this case, thgulting plot extended from 0 to 10 mA.
The range can be reduced or expanded by simphgdoiRlot-Y-Axis Setting and

defining the range of interest.

In the previous analysis, the voltage across thdalisas 0.64 V, corresponding
to a current of about 2 mA on the graph (recall the solution of 2.07 mA for the cur-
rent). If the resulting current had been close8.®omA, the voltage across the diode
would have been about 0.7 V and the PSpice solalimser to the hand-written ap-
proach. Iflg had been set to 3.5E-15A and all other parameters removed from the
diode listing, the curve would have shifted to the right and an intersection of 0.7 V

and 2.07 mA would have obtained.
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§ 2.2 Load-Line Analysis PROBLEMS

1. (a) Using the characteristics of Fig. 2.131b, deteeni, Vp, and Vg for the circuit of Fig.
2.131a.
(b) Repeat part (a) using the approximate modetHerdiode and compare results.
(c) Repeat part (a) using the ideal model for ttoleiand compare results.

| [F g
Ty imAf ES=FRY B 033k,
HP -"
L}
25 —
Figure 2.131  Problems 1, 2
0
nma [ =
10r
L I | 2 | ¥ G W VW
L7V

E-I-ﬁ'l.' [ e e T v I

Figure 2.132 Problems 2, 3

2. (a) Using the characteristics of Fig. 2.131b, deteeh, andV, for the circuit of Fig. 2.132.
(b) Repeat part (a) witR = 0.47 K.
(c) Repeat part (a) witR = 0.18 K.
(d) Is the level ofV relatively close to 0.7 V in each case?

How do the resulting levels of compare? Comment accordingly. H
3. Determine the value @R for the circuit of Fig. 2.132 that will result in a diode current of 1 -y 5
mA if E = 7 V. Use the characteristics of Fig. 2.131b for the diode. nn
4. (a) Using the approximate characteristics for theliBile, determine the level &, Ip, and F T MY e 11k |

Vg for the circuit of Fig. 2.133. -
(b) Perform the same analysis as part (a) using the ideal model for the diode. |
(c) Do the results obtained in parts (a) and (bpssgthat the ideal model can provide a good

approximation for the actual response under someitons? Figure 2.133  Problem 4

Problems 103



104

§ 2.4 Series Diode Configurations with DC Inputs

5. Determine the currentfor each of the configurations of Fig. 2.134 uding approximate equiv-

alent model for the diode.

12%
T

o v .
P —AAA i 4
b
| | . b
i + "
§].:|n ! = Yy glﬂﬂ
M B %i
|
(8] i
o] izl
Figure 2.134 Problem 5
6. DetermineV, andl for the networks of Fig. 2.135.
In
- Ay rEY
o ™} AP ——
i 1.2 kLR
22k0 4.7 K61
J'_nl =i
(o) ihi
Figure 2.135 Problems 6, 49
* 7. Determine the level o, for each network of Fig. 2.136.
i Ge  2kDO I [pedy S
W oy
i [ b L ] —a|
Thid 4.7 ki
¥
Jo2y
qaa Ihi
Figure 2.136 Problem 7
* 8. DetermineV, andl, for the networks of Fig. 2.137.
- '.h
5 H = W,
| 5
/ f ma 22k L2 kil 0 LU
W1
- AP ] o 5
LER ] i
LEH]

I}
Figure 2.137 Problem 8
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* 9. DetermineV,, andV,, for the networks of Fig. 2.138.

— A 0| 10w o— i }

Si 4.7 ki Ge 5 1.2 KEd
+12¥%

Il 1t

Figure 2.138 Problem 9

§ 2.5 Parallel and Series—Parallel Configurations

10. DetermineV, andl, for the networks of Fig. 2.139.

I5Y

+30 Y E.
Lir—— p—— !
o
» AT REY
22 ki)
+ =5%
o} L]

Figure 2.139  Problems 10, 50
*11. DetermineV, andl for the networks of Fig. 2.140.
R +ia W

¥ *u

L,

| Y
| kEX 47 k0
12 %
[} ik

Figure 2.140 Problem 11
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12. DetermineV,,, V,,, andl| for the network of Fig. 2.141.
* 13. DetermineV, andl for the network of Fig. 2.142.

-
Figure 2.141  Problem 12 Figure 2.142 Problems 13, 51
_5 8§ 2.6 AND/OR Gates
Vo
& 14. DetermineV, for the network of Fig. 2.38 with 0 VV on both inputs.
- 15. DetermineV, for the network of Fig. 2.38 with 10 V on both inputs.
o 16. DetermineV, for the network of Fig. 2.41 with 0 V on both inputs.
5l 17. DetermineV, for the network of Fig. 2.41 with 10 V on both inputs.
I kit 18. DetermineV,, for the negative logic OR gate of Fig. 2.143.
19. DetermineV,, for the negative logic AND gate of Fig. 2.144.
20. Determine the level o, for the gate of Fig. 2.145.
Figure 2.143 Problem 18 21. DetermineV, for the configuration of Fig. 2.146.
=5 R | LR |
s i Si
0w 1 % iV
A . > - — .
5 Ei e
gu kl1 | ki 22D
L 5 Y '
Figure 2.144 Problem 19 Figure 2.145 Problem 20 Figure 2.146 Problem 21

§ 2.7 Sinusoidal Inputs; Half-Wave Rectification

22. Assuming an ideal diode, sketgh vy, andiq for the half-wave rectifier of Fig. 2.147. The in-
put is a sinusoidal waveform with a frequency of 60 Hz

Tubezal A
o =¥ . >3 Repeat Problem 22 with a silicon diodé & 0.7 V).
* 24. Repeat Problem 22 with a 6.8Xkload applied as shown in Fig. 2.148. Skeictandi, .
25. For the network of Fig. 2.149, sketghand determin&/y..

"I" Tibizal Y =Y

_ Y 2250
v n_H._ i iy
Figure 2.147 Problems 22, 23, : 1|- . rd ¥
24 —
22kl %, o B8 kil Kyo= 1100 W (mesh R Tdeal
= =]
Figure 2.148 Problem 24 Figure 2.149  Problem 25
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* 26. For the network of Fig. 2.150, sketghandig.

iy
—
) o Py ————o—y
ik % + kL | E
— Lt i
il r LU
NTRY - ¥
o

Figure 2.150 Problem 26

* 27. (a) GivenPyax = 14 mW for each diode of Fig. 2.151, determine th&imam current rating
of each diode (using the approximate equivalentef)od
(b) Determinel o for Vi = 160 V.
(c) Determine the current through each diod¥;at using the results of part (b).
(e) If only one diode were present, determine theelicurrent and compare it to the maximum

rating.

+

1k W i — - O =

- : = 1.7 ki g 56 K

Figure 2.151  Problem 27

8 2.8 Full-Wave Rectification

28. A full-wave bridge rectifier with a 120-V rms sinusoidal input has a load resistor &. 1 k
(a) If silicon diodes are employed, what is the ditage available at the load?
(b) Determine the required PIV rating of each diode.
(c) Find the maximum current through each dioderdudonduction.
(d) What is the required power rating of each diode?

29. Determinev, and the required PIV rating of each diode for tbefiguration of Fig. 2.152.

LT

lidgal iy ) |

LU

Figure 2.152 Problem 29
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* 30. Sketchy, for the network of Fig. 2.153 and determine thevaditage available.

0

Bzl ilicadies

Figure 2.153 Problem 30

* 31. Sketchy, for the network of Fig. 2.154 and determine the dc voltage available.

Tilzal
e =

P 14
1Ty

T2 kid
1My =

Figure 2.154 Problem 31

§ 2.9 Clippers

32. Determinev, for each network of Fig. 2.155 for the input shown.

Y, [ 5% ldvesl

—i—

e )
R'I v 11 kel ¢ =4 KEL V

-
L = i

|
4

=

g

=]

MW

Figure 2.155 Problem 32

33. Determinev, for each network of Fig. 2.156 for the input shown.

Al 1.0 gLl 5 5%
[(TR% — haa
— VoA i e ] =
g i3 g-"‘ﬂl
1Y - =
[E1] ik

Figure 2.156 Problem 33
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* 34. Determiney, for each network of Fig. 2.157 for the input shown.

T
|0
W Il Ixdeal
a— ——— ¥y o vl
4 . ' M
] L ksl Z7kid
¥ i - —
T o : =l w4y
i b

Figure 2.157 Problem 34

* 35. Determiney, for each network of Fig. 2.158 for the input shown.

av
. i .;_m_h_. PR
H Y 2.2k0
= e 5i
f
iy
I} i

Figure 2.158 Problem 35

36. Sketchig andy, for the network of Fig. 2.159 for the input shown.

i kit
T o
+ == ¢
5 i
(1 i
| \\/ , 53W 73V
| SR e T —|_
&} " . ]

Figure 2.159 Problem 36

§ 2.10 Clampers

37. Sketchy, for each network of Fig. 2.160 for the input shown.

-.-:I : & "_
a0y :— ﬂ ,_. il —
] T e al gk B e r
il L ’ r B = T LR
: % o -

Figure 2.160 Problem 37
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38. Sketchy, for each network of Fig. 2.161 for the input showould it be a good approxima-
tion to consider the diode to be ideal for bothfipmations? Why?

v, C C
o—f o o—dijf °
il + | -
Si
¥ -1} A [ R
\/} i & .I. m
[ ul a : il
(a} (b
Figure 2.161 Problem 38
* 39. For the network of Fig. 2.162:
(a) Calculate 5.
(b) Compare 5 to half the period of the applied signal.
(c) Sketchv,,.
LF, e
,i & I{ [ 0
+ nluF '
5l
- B Sakil
| rRY
=SSR I 4| s =
F=1kHz i i
Figure 2.162 Problem 39
* 40. Design a clamper to perform the function indicated in Fig. 2.163.
I.lI "II'
+0
Tdhizal dewikes
WY =
+ +
v | Rethgn L P
r 1] r
— — ~1F ¥
-mny
Figure 2.163 Problem 40
* 41. Design a clamper to perform the function indicated in Fig. 2.164.
¥, Sibcon dodey W,
L = —= 17V
+ + e
] i
¥ ¥
il r
X NTET

Figure 2.164 Problem 41
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8 2.11 Zener Diodes

* 42.(a) DetermineVy, I, I, andlg for the network Fig. 2.165 iR_ = 180()
(b) Repeat part (a) R = 470().
(c) Determine the value d®_that will establish maximum power conditions foe tBener
diode.
(d) Determine the minimum value & to ensure that the Zener diode is in the “on” state.

ﬁl'-
i o i A ' _l ]
+ —= 22002 -

———

Vr=l0W
Al e .

s = Z{H} i W
LT

Figure 2.165 Problem 42

* 43. (a) Design the network of Fig. 2.166 to maint®inat 12 V for a load variatiorl () from 0
to 200 mA. That is, determinig; and V5.

(b) DetermineP,__ for the Zener diode of part (a).

* 44. For the network of Fig. 2.167, determine the ranfg¥;dhat will maintainV, at 8 V and not
exceed the maximum power rating of the Zener diode.

45. Design a voltage regulator that will maintain an output voltage of 20 V acros§)dda# with

an input that will vary between 30 and 50 V. Thadistermine the proper value Bf and the
maximum currentzy,. Figure 2.166 Problem 43

46. Sketch the output of the network of Fig. 2.120h input is a 50-V square wave. Repeat for
a 5-V square wave.

Ity ' 0=

§ 2.12 Voltage-Multiplier Circuits

47. Determine the voltage available from the voltagehder of Fig. 2.121 if the secondary volt- 410

age of the transformer is 120 V (rms). by= B Q¥ BL
48. Determine the required PIV ratings of the diodeigf 2.121 in terms of the peak secondary © faw = 1% m%

voltageV,.

§ 2.13 PSpice Windows Figure 2.167 Problems 44, 52

49. Perform an analysis of the network of Fig. 2.13Bgi$Spice Windows.
50. Perform an analysis of the network of Fig. 2.13Bgi$Spice Windows.
51. Perform an analysis of the network of Fig. 2.14hg$Spice Windows.
52. Perform a general analysis of the Zener networkigf 2.167 using PSpice Windows.

* Please Note: Asterisks indicate more difficult pesbé.
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