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INSTRUCTIONAL OBJECTIVES 

The process of shaping pulses is very important, since the
shape of the pulse can affect the operation of many devices,
ranging from radar systems to microprocessors. Clipping and
limiting circuits are often used to change wave shapes from
one form to another. You‘ll learn about these circuits in the
course of this lesson. 

The relationship ofa waveform to the zero-volt axis is very
important in some applications—industrial televi sion, for
example. You’ll learn how that relationship can be lost, and
how it can be regained. Also, some practical aspects ofpulse
circuitry are reviewed in this lesson. 
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After you’ve completed this lesson you’ll be
able to: 

• Distinguish between a clipper and a limiter. 

• Recognize a baseline stabilizer capable of stabi lizing to
zero volts. 

• Limit a waveform to some value other than zero volts . 

• Explain how a waveform can be clamped to a positive or
negative voltage. 

• Discuss why a d-c (direct-current) restorer circuit is
sometimes needed. 

• Compare an ideal clamping circuit with those that exist
in the real world. 

• Identify a sawmaker circuit. 

• Explain how amplifiers change the characteris tics of
a pulse. 

Remember to regularly check your student portal. Your instructor
may post additional resources that you can access to enhance your
learning experience.
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1

CLIPPING CIRCUITS AND
LIMITING CIRCUITS 

Definition of Clippers and Limiters 

In many electronics applications, it’s desirable to remove
some portion of a complex waveform. The portion re moved
may be used for some other purpose, or it may simply be dis-
carded. The circuits for doing this are called clippers and
limiters, and the terms are often used inter changeably. In
reality, though, they differ in meaning, as we shall see. 

As a matter of fact, a good way to start this subject is to
define these two important terms—not once but twice! The
first set of definitions comes from the Institute of Electrical
and Electronics Engineers (IEEE), an organi zation that sets
the standards for many electronics appli cations. Here are the
IEEE definitions: 

limiter A circuit in which some characteristic of an output
signal is prevented from exceeding a predeter mined input.
The output is linear with regard to the input up to a prede-
termined value, and substantially constant thereafter. 

clipper (peak clipper)  A device that automatically limits
the instantaneous value of the output to a prede termined
maximum value. The term is usually applied to devices that
transmit only portions of an inputwave lying on one side of
an amplitude boundary. 

Wave-Shaping Circuits
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As you can see, the distinction between these two
devices that the limiter prevents the waveform from
exceeding a  certain value, while the clipper cuts off some
portion of the waveform. 

The military also sets the meanings of certain terms, includ-
ing the two of interest to us: 

limiter A circuit in which the output voltage is propor tional
to the input voltage up to a certain level and is maintained at
a constant value for all input voltages exceeding this level
(known as the limiting level ), 

clipper  A circuit in which the output voltage is propor tional
to the input voltage only for those values of the input voltage
that exceed a certain level, and is main tained at a constant
value for all input voltages below this level (known as the clip-
ping level.) 

Limiters and Clippers Compared 

The terms will become clearer after you study the illustra tions
in Fig. 1. In Fig. 1(a), if you were to plot voltage, current, and
resistance, the resistance would form a curve that’s at an angle
of 45° (degrees) with the voltage and current. This line, called
the transfer line, is actually the characteristic curve of a resis-
tor; the input signal can be projected from this line to give the
limits of the output signal. Note that the output  signal is iden-
tical to the input signal; this is to be expected, since a resistor
doesn’t nor mally change the shape of a waveform. 

Fig. 1(b) shows the transfer line or curve for a limiter. Here,
the transfer line is linear up to a certain value; beyond that
value no increase in output is possible. Note that the output
waveform is complete up to the limiting value, but at that
point the output becomes constant (as indicated in the flat
tops on the waveform). This transfer value is sometimes
called a positive-peak clipper. 

Fig. 1(c ) shows another transfer line for a type of limiter
sometimes called a negative-peak clipper. In this case, the
output waveform is intact for all values above the limiting
value. Even though the opposite side of the waveform is
taken off, this is still a transfer curve for a limiter. Keep in
mind that the limiter prevents the waveform from
exceeding some particular value. 
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Fig. 1(d ) shows the transfer line for a positive-and· negative-
peak clipper. This is the type of transfer line or curve most
often used to represent limiters. In this case, the amplitude
of the waveform is kept from exceeding a certain value on
both the positive and negative half -cycles. 

Fig. 1(e), finally, shows the relationship between the input
and output signals that have passed through a clipper. In
this case, only the peaks of the output are permitted to pass
through the clipper: an other parts of the waveform have
been removed. 

One way to compare the two systems is to note that in the
limiter the peaks are removed while in the clipper the peaks
are retained.

FIGURE 1—When the trans-
fer line is linear, the input
and output waveforms
have the same shape as
shown in (a), For a limiter,
there’s no output when the
input exceeds a certain
value, as shown by the
transfer line in (b): for
example, this limiter has
an output only when the
input is more positive
than a certain value
(c). The characteristics of a
positive-peak and nega-
tive-peak clipper can be
combined (d). Finally,
(e) provides an example
of a clipper system, 
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Diode Limiters 

One simple way of making a limiter is by using a diode and
resistor in the configuration of Fig. 2. On one half -cycle of the
input signal, the positive voltage is applied to the cathode of
the diode, and the diode can’t conduct. 

Therefore, for the first half-cycle on the waveform shown,
there’s no output voltage and the output waveform is marked
at 0 V (volts) for this period. On the next half-cycle, the input
signal goes negative, putting a negative voltage on the cath-
ode of the diode, which forward-biases it. When the diode
conducts, it permits an electron current through the resistor
in the direction shown by the arrow. The top half of the volt-
age drop across the resistor is negative whenever the diode
conducts; therefore, the negative half-cycle of the input wave-
form is preserved. 

You know from previous lessons that there’s actually a small
voltage drop across the diode. In this lesson, however, we’ll
disregard that voltage drop. In other words, we’ll assume that
the diodes are perfect, and will conduct in one direction with
no resistance. We’ll further assume that our diodes won’t
conduct any current in the reverse-biased condition. Such
ideal diodes don’t exist in practice, of course, but are often
used to simplify circuit discussions. 

Now, look again at the circuit in Fig. 2. Note that it’s actually
a half-wave rectifier in which the negative half -cycle is pre-
served. (Another way of saying this is that a half-wave
rectifier is one form of limiter.) 

FIGURE 2—In this simple
diode limiter, the output
waveform isn’t permitted
to rise above the zero
level. 
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Fig. 3 shows another diode limiter that produces exactly the
same waveform as the one in Fig. 2. In this case, though, the
diode is connected in parallel with the output load, rather
than in series with it. Hence, the cir cuit of Fig. 2 is called a
series limiter, while the one in Fig. 3 is called a shunt limiter. 

When the input signal in Fig. 3 is on the positive half-cycle,
the diode conducts and there’s no voltage across it.
(Remember, this is an ideal diode.) Therefore, during the
 positive half-cycle of the input signal the out put voltage
waveform is at 0 V. 

On the next half-cycle—that is, the negative half-cycle of the
input—the negative voltage is applied to the anode of the
diode. The diode can’tconduct; therefore, the diode is an open
circuit, and the negative half-cycle of voltage waveform is
delivered to the output terminal. 

The circuits of’ Figs. 2 and 3 are often referred to as positive-
peak clippers. This isn’t entirely accurate in terms of the
definition you’ve been given, but the term prevails and you’ll
have to get used to seeing it used more or less interchange-
ably with the term limiter. 

Transistor Limiters 

The disadvantage of the circuits in Figs. 2 and 3 is that the
output waveform has the same (or less) amplitude when com-
pared with the input signal—and in many applications it’s
desirable to amplify the input waveform. A circuit for that
purpose is called an active limiter, and Fig. 4 provides a
 representative example. 

FIGURE 3—For a sine-wave
input, the output of a shunt
limiter is the same as that
for a series limiter. 
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The first thing you should note about this circuit is that
the transistor has no bias: there’s no provision for a base
current, so the transistor is normally cut off. Since the tran-
sistor is cut off, there’s no voltage drop across R2, and the
collector voltage must be equal to the B� voltage, or 18 V.
Resistor R3 is used to provide temperature compensation
during those periods of time when the transistor is biased to
conduction by the input signal. The input waveform, finally,
is developed across resistor R1.

On the positive half-cycle of the input signal, a posi tive volt-
age is placed on the base of the transistor; this causes the
transistor to conduct, and to produce a current through R2.
The voltage across R2 increases as the ampli tude of the input
voltage increases. Therefore, the collec tor voltage decreases,
since it’s equal to the 18 V minus the drop across R2.

Another way of saying this is to describe the circuit as a con-
ventional (that is, a common-emitter) amplifier; that means,
of course, that the output signal is 180° out of phase with
the input. As a result, when the input signal goes positive,
the output signal must go negative. 

Note that on the next half-cycle when the input signal is neg-
ative, the transistor is driven beyond cutoff: no current is
now flowing through R2. The output voltage goes to �18 V
and stays there. 

FIGURE 4—A limiter can
be made to include an
amplifier. 
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The solid arrow in the circuit shows the charging path for the
capacitor during the positive half-cycle input; the dotted
arrow shows how the capacitor discharges through R1 during
the negative half-cycle. 

As already mentioned, the advantage of the circuit in Fig. 4
over other limiters is that the output waveform is an ampli-
fied version of the input signal. 

Limiting to Values Other Than Zero 

The limiting circuits discussed so far prevent the output
waveform from going above 0 V. However, it's desirable in
some applications to have circuits that limit the output
to some voltage other than zero. The circuit in Fig. 5 is a
good example. It’s a shunt limiter, since the diode is across
the output waveform. 

The difference between Fig. 5 and the shunt limiter in Fig. 3,
however, is that a battery has been added in the cathode cir-
cuit of the diode; that makes the cathode a positive 2 V with
respect to ground. In order for the diode to conduct, its
anode must be more positive than its cath ode; so, the diode
is cut off for all values of input below �2V. 

Since the diode is cut off for all values below �2 V, it’s an
open circuit and the input signal is delivered directly to the
output. However, when the input signal exceeds the �2 V-
level, the anode of the diode is more positive than the battery
voltage V. The diode begins to conduct, and to act as a short
circuit. The output is therefore held at a con stant 2-V value
anytime the diode is in conduction. 

FIGURE 5—The bias voltage
prevents the diode from
conducting until the input
voltage reaches �2 V; so
the output waveform can’t
exceed a value of �2 V. 
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A transistorized limiter is shown in Fig. 6. In this circuit, any
part of the waveform that’s more negative than �5 V doesn’t
appear in the output. (Note that the battery produces a �5-V
d-c value at the emitter of the transistor.) 

When the input signal is at �5 V, the voltage between the
emitter and the base is 0 V and the transistor can’t conduct.
Furthermore, for any value less than �5 V, the transistor is
cut off. The result is that only that portion of the input signal
above �5 V can be reproduced. 

The output signal is limited to 35 V (the power-supply volt-
age), which occurs during the period when the tran sistor is
cut off. 

Negative Limiting 

All of the circuits discussed up to now have prevented the
output signal from going in a positive direction above a cer-
tain predetermined value. However, it’s also possible to make
a circuit that will prevent the waveform from going below a
certain value. Such a circuit called a negative limiter or
 negative-peak clipper.

FIGURE 6—The highest
possible output voltage for
this amplifier is �35 V
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An example series limiter that removes the nega tive half-cycle
of the input waveform is shown in Fig. 7. Its operation is
 similar to the circuit in Fig. 2, except that the diode has been
turned around: the positive half-cycle of input signal now
causes the diode to be forward-biased . 

An electron current follows the path shown by the arrow
when there’s diode conduction. During this half -cycle, the
voltage across the resistor is positive at the top half; therefore
a positive peak output will occur. During the negative half-
cycle of input signal, the diode is reverse-biased, with a
negative voltage on its anode. There’s no output during
this period. 

Fig. 8 shows that the waveform can be prevented from
going below a certain value by means of a shunt limiter. If
you compare this circuit with the one in Fig. 3, you’ll note
that they’re the same except that the diode has been
turned around. 

FIGURE 7—This series
diode limiter cuts off the
negative part of the signal.
(This circuit is also called a
negative-peak clipper.) 

FIGURE 8—The shunt diode
clipper provides the
same output as the
series clipper. 
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The shunt diode can’t conduct during the positive half-cycle
of input signal because it’s reverse-biased; therefore, during
the positive half-cycle of input signal the diode presents an
open circuit. As a result, all of the positive half of the cycle is
delivered to the output terminal. 

On the negative half-cycle of input, the diode is forward-
biased and represents a short circuit across the line. The
output voltage will therefore remain at 0 V dur ing the nega-
tive half-cycle of input. 

Transistor Negative Limiters 

A transistor amplifier used to limit the output signal to all
 values above 0 V is shown in Fig. 9. (This is a negative peak
limiter.) Again, note that there is no bias circuit for the tran-
sistor. Operating the transistor with zero bias means that
only the positive half-cycle of the signal can cause the
transistor to conduct. When it’s not conducting, there’s no
voltage drop across R3, and the output is 0 V. 

On the positive half-cycle of input, the transistor is biased
into operation, causing an emitter current to flow through R3.
This produces a voltage drop across R3 that has the same

FIGURE 9—A transistor
operated without base bias
can be used as a negative-
peak clipper. 
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waveform as the input signal voltage. (Note that the output
appears at the emitter in this emitter follower circuit.) 

Another way of looking at the circuit of Fig. 9 is to recall that
an emitter follower doesn’t produce a 180°phase shift
between its input and output signals; there fore, during the
positive half-cycle of input, the output must be positive.
However, on the negative half-cycle of input signal, a negative
voltage is applied to the base of the transistor. Since the
transistor is already cut off, this negative voltage drives it
beyond cutoff. No current can flow through the transistor
during this period of time; therefore, there’s no current
through R3. The output wave form is at 0 V during this half-
cycle. 

There’s no voltage gain in an emitter-follower circuit, so the
output waveform has about the same amplitude as the input
waveform. However, there may be a power gain in this circuit.
If a coupling capacitor C is used, its value must be large
enough not to distort the shape of the signal. 

There’s another reason for using the emitter follower: the
input impedance of this circuit can be very high, and as a
result the circuit doesn’t load the generator that produced
the input waveform. 

Clipping Below a Predetermined Value 

In the limiting circuits of Figs. 7, 8, and 9, the output wave-
form was limited to positive values. The negative half-cycles
were removed (which explains why such cir cuits are some-
times called negative-peak clippers). 

It may sometimes be desirable to limit the negative half-cycle
to some value other than 0 V. How this is ac complished is
shown in Fig. 10, where a negative voltage supplied by the
battery is applied to the anode of the shunt limiter. The diode
can’t conduct when the positive half-cycle of input signal is
applied to its anode. Further more, it can’t conduct on the
negative half-cycle unless the input voltage is more negative
than �3 V. In other words, the anode must be positive
with respect to the cathode, so the cathode must be
more than 3 V negative.
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When the diode conducts, it’s a short circuit. That results in
the �3-V battery voltage being applied directly across the
output terminal. 

FIGURE 10—By adding a
battery to a shunt limiter,
it’s possible to remove the
signal below some desired
level. 
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Check Your
Learning 1

Here’s a chance to review your understanding of limiters and 
clippers. If you miss any of these questions, review the related 
articles and illustrations. 

1. Suppose that the output of a circuit is linear with regard to its 
input, up to a predetermined value, and that the output is 
constant beyond that value. This circuit is a (limiter, clipper) 
______

2. A linear transfer line forming an angle of 45 degrees with the 
voltage and current is the characteristic curve of a 
(resistor, clipper) ______

3. True or False? A series limiter has a higher output than a shunt 
limiter when the input signal is a sine wave. 

4. A transistor circuit with its input voltage is shown here. Which 
one of the output signals is correct? 

a. c.

b. d.

(Continued)

Your Answers

1. ____________

2. ____________

3. True    False
(Circle your choice)

4. ____________
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Check Your
Learning 1

5. Which of the following is an advantage of a. transistor limiter 
over a diode limiter?

a. The transistor limiter is cheaper.

b. The transistor limiter has an amplified output voltage.

c. The transistor limiter can be used with sawtooth waves.

d. The transistor limiter does not require a d-c voltage for 
its input.

6. A circuit with its input voltage is shown below. Which one of 
the output signals is correct?

a. c.

b. d.

Check your answers with those in the back of this book. 

Your Answers

5. ____________

6. ____________
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CLAMPING CIRCUITS 

Diode Restoration

There are some circuits in which the relationship between the
d-c and a-c (alternating-current) levels must be main tained
throughout a series of amplifier stages. Fig. 11 illustrates one
way in which the d-c level is lost: the input signal for the
amplifier is a square wave that never reaches zero. You can
think of this as being an a-c square wave superimposed
upon a d-c level (shown by the dashed lines). The d-c level
for this particular application is assumed to be important in
the overall operation of the system. 

After the waveform has passed through the first am plifier, it
goes through an RC-coupling circuit. This is a simple RC-
coupling network of the type used between vacuum-tube,
transistor, and FET (field-effect transistor) amplifier stages.
Once the capacitor in that coupling network becomes
charged, the output waveform (which is the input to the next

FIGURE 11—When a signal passes through RC (resistance-capacitance)-coupled networks, they lose
their d-c reference level. 
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amplifier) goes above and below 0 V. As you can see, the d-c
level for the waveform has been lost. Furthermore, since it’s a
conventional amplifier stage, the phase has been shifted 180°

The signal is next delivered to a second amplifier (and a sec-
ond RC-coupling network). Further amplifica tion takes place,
but the output voltage is a true a-c wave form, with both posi-
tive and negative values. In other words, the d-c level has
been lost.  

The d-c level of a signal is also lost when a trans former cou-
pling or some form of impedance coupling is used. It is not
lost when direct coupling is used. 

There are circuits that can be used to restore this d-c level,
however: the principle is illustrated in Fig. 12. In (a), the
waveform has passed through an amplifier and coupling cir-
cuit, and the output is a true a-c square wave form. If this
square waveform is passed through a special circuit called a
d-c restorer (b), the original relationship with respect to 0 V

can be established. The d-c restorer circuit goes by a number
of other names, including base line stabilizer, clamping circuit,
and clamping network. 

Simple Clamping Network 

The simplest clamping network consists of a capacitor and
diode, as shown in Fig. 13. In (a), an a-c square wave is
applied from some type of generator. (This generator could be

FIGURE 12—A d-c restorer
can be used to reestablish
the signal d-c level.
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an electronic circuit, such as a multivibrator, or a logic clock
circuit.) The voltage is applied through the capacitor C to the
load resistor RL. The diode is connected in such a way that its
cathode is at the top of the circuit. This means that it can
conduct only during the time that the input waveform is on
the negative half-cycle. 

During the negative half-cycle, the diode conducts and repre-
sents a short circuit across the line. The result is that the
capacitor charges to 4 V, as shown in Fig. 13(b). It must be
assumed that the time constant of the capacitor and the load
resistor is so large that the capacitor can't discharge between
half-cycles of input signal; therefore, once the capacitor
charged, there’s a d-c voltage across it of 4 V. 

FIGURE 13—Operation of a
d-c restorer. The basic cir-
cuit consists of a diode and
capacitor. 
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This, of course, is an ideal condition. In real practice, the
capacitor will discharge and there will be some loss of voltage
across it during each half-cycle of input. How ever, for the
purpose of explaining this circuit we’re as suming a perfect
diode that has no forward resistance, no conducting voltage
drop across it, and a capacitor that doesn’t discharge
between half-cycles. 

Since the capacitor has a 4-V d-c voltage across it—which
voltage was established by the input waveform—it can be
represented as a battery, as in Fig. 13(c ). The battery is in
series with the a-c generator. (Again, that may be any type of
circuit capable of producing an a-c waveform.) 

On one half-cycle, the input a-c voltage will be at �4 V. That
4 V, added to the 4 V of the capacitor, means that the output
voltage from the generator side will be 8 V. Look at the out-
put waveform and note that it goes to a �8 V. 

On the next half-cycle of input, the input waveform goes to
�4 V. That �4 V subtracts from the �4 V across the capaci-
tor, with the result 4 V � 4 V � 0 V. The overall result is
that, during the negative half-cycle, there is zero output volt-
age. The output waveform goes above and below a reference
for the logic circuit, the output is safe to use, since it moves
between �8 V and 0 V —never nega tive at any time. 

Clamping to a Positive Voltage 

Let’s take another look at the input signal for the system in
Fig. 11. Note that the signal doesn’t go to 0 V at any time
during its cycle. If a simple diode clamper is used at the
output, the signal will go to 0 V during the negative half-
cycle. The output will therefore not be an accurate
representation of the input signal. 

What’s needed for the system of Fig. 11 is some sort of clamp-
ing circuit that will keep the negative half-cycle above the 0-V
line. An example of such a circuit is shown in Fig. 14. As can
be seen, the only difference between the circuit of Fig. 14(a)
and the simple diode clamping circuit in Fig. 13(a) is the 2-V
battery in the diode branch. As you’ll see, that voltage sets the
minimum value of the output-voltage waveform. 
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In Fig. 14(b), the 2 V battery (V2) has been moved around the
circuit so that it’s next to the generator (V1). (Note that the
negative side of V2 is next to the generator.) On the first
 negative half-cycle of input voltage at V1, the negative 8 V
combines with the �2 V of V2. This is shown in Fig. 14(b).

FIGURE 14—A clamping circuit can be used to clamp to a voltage other than zero. In view (a), the bat-
tery V2 has been added to the basic circuit of Fig. 13; in (b), the reference battery (V2 ) has been
moved into the generator branch. In (c). the capacitor has been replaced by a battery that represents
the charge voltage; in (d), the voltages on the negative half-cycle of generator input are shown. A full
cycle of output waveform is shown in (e). 
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The diode is forward·biased, since the nega tive end of the
supply is at its cathode side and the posi tive end of the sup-
ply is at its anode side. 

Since the diode is forward-biased, it acts like a short circuit.
(Remember, it’s an ideal diode.) Electron current flows along
the path shown by the arrows, and the capac itor charges to
the total amount of input voltage, which is 10 V. 

After the diode has conducted, and the capacitor has
charged to �10 V, there’s no further use for the diode
and 2-V battery in the circuit! That’s a very important
statement, and it’s true not only of this circuit, but for the
circuit of Fig. 13(a), too. There, the diode con ducted to charge
the capacitor; once the capacitor was charged, there was no
longer any conduction in the diode branch. The reason is
that the voltage at the cathode of the diode never went nega-
tive again after C was charged! 

Of course, the diodes and capacitors of the real world aren’t
perfect components. On each half-cycle the capacitor will dis-
charge slightly, and the diode will conduct long enough to
bring it back to full charge. (Actual waveforms will be shown
later on in this lesson.) 

After an ideal capacitor has been charged, as shown in Fig.
14(b), it holds that charge throughout the opera tion of the
circuit. In fact, the capacitor could be replaced by a 10-V bat-
tery (Ve), as shown in Fig. 14(c). When the generator voltage
is positive, the total voltage applied to the circuit is Vc added
to V1, or 10 V � 8 V � 18 V. Note that the 2-V battery has
been moved back to the diode leg; the diode is reverse-biased,
since its cathode is more positive than its anode. As a result,
the 2-V battery is in an open circuit and doesn’t contribute to
the output voltage. 

On the next half-cycle, the generator voltage is �8 V. As shown
in Fig. 14(d ), that voltage subtracts from the voltage the voltage
across the capacitor VC , because V1 and VC have opposite
polarities. The overall result is that the output voltage is 2 V
during the negative half-cycle of V1 (10 V �  8 V � 2 V). 
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Fig. 14(e) shows the output waveform for the circuit. This
output assumes that the capacitor has already been charged.
The most positive point of the output voltage is �18 V; the
most negative value of the output voltage is �2 V. This gives
a peak-to-peak voltage of 16 V, which is equal to the genera-
tor input voltage. 

Note again that the output waveform is always posi tive, so
that the diode is always reverse-biased. That’s another way of
saying that the diode branch is an open circuit. 

Clamping to a Negative Voltage 

In order to clamp a waveform to a negative voltage, both the
diode and battery V2 must be turned around. The resulting
circuit is shown in Fig. 15. 

Fig. 15(a) shows the input voltage as well as the clamping
voltage V2. Compare this circuit with the one shown in
Fig. 14(a). In Fig. 15(b), the battery has been moved into the
generator branch. On the first positive half-cycle, the genera-
tor and battery voltages are said to be in series adding: that
means that the applied voltage during this half-cycle is added
to the battery voltage. (Applied voltage: 9 � 3 � 12 V.) 

The diode is forward-biased in Fig. 15(b), so it acts like a
short circuit. The capacitor charges to the total input voltage.
(The arrows show the electron charging current.) Note the
polarity of the voltage across the charged capacitor. 

Once the capacitor is fully charged (to 12 V), there’s no
longer any current through the diode. The capacitor remains
charged, and behaves like a battery. Fig. 15(c) shows the
 circuit redrawn with a battery used in place of the charged
capacitor. 

On the negative half-cycle, the capacitor voltage Vc and gen-
erator voltage V1 are in series adding. The voltages combine
for a total of’ 21 V with a negative at the top. The next half-
cycle is illustrated in Fig. 15(d ). Now the capacitor voltage
and generator voltage are said to be in series opposing: the
voltages subtract, leaving a voltage of �3 V across the
output terminals. 
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A complete cycle of wave form is shown in Fig. 15(e). The
 output voltage varies between �3 and �21 V, giving a peak-
to-peak value of 18 V—the same value as the input
(generator) voltage. 

Finally, keep this important fact in mind: clipping and lim-
iting circuits change the input waveform, but clamping
circuits retain the original wave shape. The circuit’s only job
is to change the relation between the signal and the 0-V level. 

FIGURE 15—Compare the basic circuit shown here (a) with the one in Fig. 14(a). The capacitor is
charged on the first negative half-cycle (b). In (c), the capacitor has been replaced by a 12-V battery.
The maximum output voltage is �3 V (d). A complete cycle of output voltage is shown in (e).
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Check Your
Learning 2

It’s not enough to know only the circuitry that shapes waves: as
a technician, you should also be familiar with the circuitry that
affects other signal characteristics. Clamping circuits are used to
set the relationship between a signal and the 0-V level. Check
your learning by answering the following questions. Be sure to
review the material indicated for any questions that you fail to
answer correctly. 

1. Give two other names for the term clamping circuit. 

2. The relationship between a signal and the 0-V level will be lost
when (direct coupling, transformer coupling) ______ is used
between amplifiers. 

3. A charged capacitor can be replaced by a ______ for the purpose
of discussing circuit action. 

4. Look carefully at the circuit shown here. 

The diode 

a doesn’t conduct, because of the capacitor. 
b. conducts on the first positive half-cycle of input signal. 
c. conducts on the first negative half-cycle of input signal. 
d. conducts on both positive and negative half-cycles. 

(Continued)

Your Answers

1. ____________

____________

2. ____________

3. ____________

4. ____________
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Check Your
Learning 2

Questions 5 and 6 refer to the figure shown. 

5. Which one of the switch positions in the circuit here will pro duce
this waveform? 

a. Position x
b. Position y

6. Which one of the following would be necessary in order to clamp
the input waveform of the circuit shown? 

a. Reverse the diode and switch to x. 
b. Leave the diode the way it is, and switch to x. 
c. Reverse the diode and switch to y. 
d. Leave the diode the way it is, and switch to y. 

7. True or False? When a clamping circuit is used, one of the signal
peaks always touches the 0-V axis. 

Check your answers with those in the back of this book. 

Your Answers

5. ____________

6. ____________

7. True    False
(Circle your choice)
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PRACTICAL APPLICATIONS OF
WAVE-SHAPING CIRCUITS

Introduction 

This is a good time to apply some of the principles that
you’ve learned to practical pulse circuitry. Some of the cir-
cuits that are discussed in this section have been stu died
before; however, they’ll be given a different empha sis here in
the light of the new and important facts you’ve learned about
pulse circuits. 

Clamping to a Change In Amplitude 

See if you can recall the simple diode clamping circuit of
Fig. 13(a). You may remember that the capacitor in that cir-
cuit charges to the peak voltage on the first negative
half-cycle input. And once the capacitor is charged, it’s pre-
sumed to remain charged throughout the operation of the
clamping circuit. This means that the capacitor and load
resistor have a long time constant. 

Such a long time constant can work against the opera-
tion of the clamping circuit if the input signal voltage
has a change in amplitude. Fig. 16 shows the condition: in
(a), the negative-going output signal has been clamped at
0 V. At the point where the arrow is marked, the amplitude
of the input signal (not shown) has been reduced. 

Since the capacitor is charged to the peak of the high-
 amplitude signal—and since, further, it cannot
dis charge—it follows that the low-amplitude signal will no
longer be clamped. Obviously. then, there must be some
way to  discharge the capacitor when there’s a change in
input amplitude. 

The simple circuit is shown again in Fig. 16(b). This is a cir-
cuit for negative clamping. (Compare the direction of the
diode with the one shown in Fig. 13(a). When you see this
circuit in practice, you’ll often find a resistor connect ed in



Wave-Shaping Circuits26

parallel with the diode, as shown in Fig. 16(c). The purpose of
such a connection is to lower the circuit time constant, and
thereby to provide a discharge for the ca pacitor d-c voltage. 

Fig. 16(d) shows the result. Here, the change in ampli tude—
which occurs at the same point as in Fig. 16(a)—initiates a
reduction in the d-c voltage across the ca pacitor. After three
cycles, the signal is again clamped to 0 V, as desired in this
example. 

The time constant of the RC combination is critical. If it’s
too long, it will take too many cycles for the baseline to be
reestablished. If, on the other hand, the time constant is too
short, the capacitor will discharge considerably on each half-
cycle, and the original waveform will be lost as a result. As a
technician, you must remember that a replacement of
the resistor or capacitor in this circuit requires that
exact  duplicate values be used; otherwise, the circuit
operation may be upset. 

FIGURE 16—In (a), it’s
assumed that the input sig-
nal decreased in amplitude
at the point marked with
an arrow. This circuit (b)
doesn’t provide for a drop
in sig nal voltage. Adding
the resistor (c) permits the
capacitor to dis charge to a
lower d-c voltage. When
the resistor is added, the
signal responds this way to
a decrease in input ampli-
tude. The decrease occurs
at the point marked with
an arrow (d). 



Clamping Distortion 

The input and output waveforms of the clamping circuit in
Fig. 13 are perfectly square. In order to accomplish this,
the capacitor would have to be ideal—that is, the capacitor
would charge to the peak value of the input signal, and
remain charged with no leakage throughout the operation of
the clamping circuit. Also, the diode would have to be perfect.
That means the diode would conduct with 0 V in the for-
ward direction, and have an infinite resistance in the
reverse direction. 

No such components exist in real life, of course; the, actual
input and output signals for a typical clamping circuit are
shown in Fig. 17. The slight discharge of the capacitor during
the positive half-cycle of operation causes a downward tilt of
the upper amplitude. The angle of this tilt depends upon how
much the capacitor discharges on that half-cycle. Obviously,
if you replace a capacitor with a smaller one, you’ll pro-
duce a greater tilt—and this may not be acceptable in
some circuit applications. 

Note that on the half-cycle against the baseline, a certain
amount of time is required to recharge the capacitor. This
causes a slight negative-going peak that goes below the base-
line. In some circuits, this negative peak can’t be tolerated,
and must be removed before the waveform can be used. 

FIGURE 17—In practice,
there's a small amount of
negative voltage at the out-
put of a circuit that clamps
to 0 V.
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One factor that hasn’t been taken into consideration so far is
the forward resistance of the diode. That resis tance will cause
a voltage drop across the diode during the period when the
capacitor is charging, with the result that the capacitor won’t
actually charge to the peak. In stead, it will charge to the
peak voltage minus .6 V. The .6 V assumes that the diode
is silicon; in case of a germanium diode, the drop would
be .2 V. 

This small drop in voltage across the diode could be critical in
a TTL (transistor-transistor logic) circuit where a 5-V clock is
required for operation of the system. The 5 V minus the .6-V
drop across the diode would result in a peak voltage of only
4.4 V. That’s not sufficient for operating a TTL system: the
 signal would have to be 5 V before it could be used. 

How Amplifiers Affect Pulse Circuits 

An amplifier has an important influence on the shape—and
also on the timing—of a pulse. The change in a pulse wave-
form that has passed through an amplifier can operation
of the entire system. 

Fig. 18 shows two important changes in a pulse caused by
an amplifier. In (a), the pulses pass through the amplifier
without a change in shape. (In this case, the gain of the
amplifier—which would make the output pulse higher than
the input pulse—has been disregarded. Also, a single-stage
amplifier would invert the phase; this is also disregarded in
the illustration.) 

The important thing about the output signal is that it occurs
later because of the propagation delay introduced by the
amplifier. This delay may be only a few a nanoseconds,
but that’s enough to completely disrupt the operation of
a logic system if it’s not taken into account. 

An important factor in producing the propagation delay is the
transit time of the charge carriers in the amplifier device. It
takes a finite amount of time for an electron to pass through
a transistor, or a tube, or an FET; therefore, the output volt-
age doesn’t change instantaneously when the input voltage
changes. Since the transit time (and resulting propagation
delay) can affect the op eration of a system, it’s very important
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that a replacement amplifying device have exactly the same
transit time. If you use an equivalent transistor instead of
an exact replacement, you: may be changing this propa-
gation delay—with unwanted results.

Of course, it isn’t always possible to get an exact replacement
part: in foreign-made equipment, for example, manufacturers
sometimes use proprietary transistors with part numbers
that can’t be located in a directory. If you have to use a
replacement transistor, but can’t get the information neces-
sary to ensure an exact replacement, there are some factors
you must take into consideration. Obviously, for example, if
the amplifier is used in a pulse circuit, it must be able to
change its output very rapidly. (Another way of saying this is
that the replacement device must he a switching transistor.) 

FIGURE 18—An amplifier
can change the characteris-
tics of a pulse. Propagation
delay is illustrated in (a);
distributed capacity
changes the rise time
and decay time (b).
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FETs aren’t always designated by their switching characteristics.
As a general rule, however, an FET with a very high-frequency
amplifying capability can be used in switching applications. 

The distributed capacitance in an amplifier is also an impor-
tant factor, because of its effect on wave shapes. This is
illustrated in Fig. 18(b). (The input and output capacity of the
amplifier are represented by dotted lines.) This capacity is
due to a number of factors, such as the wiring and the con-
necting leads of the amplifying device. Remember that any
time you have two metals separated by an insulator you have
a capacitor. Wires and their insulation, for example, form
capacitors; so do the ampli fier leads separated by air.
Another factor contributing to amplifier capacity is the junc-
tion capacity in a bipolar transistor, the interelectrode
 capacity of an electron tube, or the interelement capacity
of an FET. 

The capacitors Cin and Cout in Fig. 18(b) represent the combi-
nation of all the capacity in the circuit. You know that a
capacitor takes a finite amount of time to charge; therefore,
these distributed capacities in the circuit will charge and dis-
charge when a pulse is passed through the amplifier. So, the
distributed capacity can seriously affect the shape of the
pulse. This is also shown in Fig. 18(b). 

One way to reduce the problem of distributed capacity is to
use printed circuitry a well-designed board usually has less
capacity than a hand-wired circuit. In some cases, induc-
tance may be added to the circuit to resonate with the
distributed capacitance; inductors used for that purpose—
called peaking coils—help to eliminate the effects of capacity.
Finally, if the effects of amplifier capacity can’t be offset, it
may be necessary to reshape the pulse by using techniques
discussed in previous lessons.

The Sawmaker

Many nonsinusoidal oscillators produce square-wave out-
puts; yet, in some applications, a sawtooth waveform is
desired. To produce the sawtooth waveform from a square
wave, a circuit that technicians refer to as a sawmaker is
added to the output of the square wave generator. The
principle is illustrated in Fig. 19. 
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The input square wave will result in an amplified square
waveform for the circuit of Fig. 19(a). (In this discussion, it’s
assumed that there’s no distortion of the waveform; this can
be very closely approached if the frequency of the square
wave is relatively low.) 

In Fig. 19(b), a capacitor has been added from the transistor
collector to common. When the negative-going input voltage
arrives at the base, it shuts the transistor off; this causes the
collector of the transistor to go toward B�. Without the
capacitor, the collector voltage would immediately go to the
B� value. However, the voltage across a capacitor can’t
change instantly, so the capacitor charges toward B�. (The
electron charging current is indicated by arrows in Fig. 19.) 

Since the capacitor is charging, the voltage across it is
increasing; the result is an output ramp voltage. At the end
of the input square wave to the base, the transistor, con-
ducts. Its collector voltage is immediately lowered, and the
capacitor discharges rapidly. 

Any time you’re servicing a sawtooth generator, look for this
sawmaker circuit. Remember that the time constant of RL
and C is critical to getting the desired ramp in output wave-
form. Changing the value of C or RL will change the angle
of the ramp on the sawtooth, and that may have a criti-
cal effect on the system. 

FIGURE 19—A sawmaker
converts a square wave to
a sawtooth wave. This
 circuit doesn’t have a saw-
maker (a): the capacitor C
in (b) changes the output
waveform into a sawtooth
shape. 
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Converting Pulses to Square Waves 

If a square waveform is required, it may be produced from a
pulse waveform by using a basic logic component. This is
shown in Fig. 20, where a toggled flip-flop has a pulse input. 

You may remember that a toggled flip-flop can’t change its
state unless the input waveform had a trailing edge (in the
case of TTL) or a leading edge (in the case of CMOS (comple-
mentary metal-oxide semiconductor)). We’ll assume that this
is a TTL toggled flip-flop, so that every time the trailing edge
of the pulse occurs, the output of the flip-flop will change.
(The waveforms tell the story.) 

Note that each time the trailing edge occurs, the Q-output
signal changes its state; therefore, even though the input
waveform is a series of pulses, the output is a perfect
square wave. 

An important fact to keep in mind is that the toggled
flip-flop not only converts the pulses to a square wave,
but also divides the frequency in half. Note that there are
only two cycles of output waveform for four cycles of pulse
input. For obvious reasons, then, toggled flip-flops are some-
times referred to as divide-by two circuits. 

Summary of R, L, and C Effects 

FIGURE 20—A toggled flip-
flop can be used to produce
a square wave. 
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When a low-frequency pulse is delivered to a purely resistive
circuit, it doesn’t undergo a change in shape. At frequencies
above 30 MHz (megahertz), it’s very difficult to get pure resist-
ance in a circuit: a simple carbon resistor begins to behave like
a combination of R, L, and C at those frequencies. Therefore,
you could expect a resistance to have some effect on the shape
of a very high-frequency pulse. Luckily. most microprocessor
and logic circuits operate at frequencies below 30 MHz. 

The effect of a capacitor on pulses is to round the leading
and trailing edges, which occurs because the capacitor
takes a finite amount of time to change its voltage. At lower
frequencies, distributed capacities can be so small that they
don’t affect the shape of the wave. However, at high fre-
quencies even the smallest capacitance-measured in
nanofarads—can affect the shape of a wave. 

When you’re working in high-frequency circuitry, it’s neces-
sary not only to get the exact replacement parts (when
possible), but also to wire the parts in place so that they’re in
the same position as the parts being replaced. Even a slight
change in wiring or component location can have a serious
effect on the distributed capacitance of the circuit, and there-
fore a serious effect on the shape of a pulse passing through
that circuit. 

Inductors can be disastrous in pulse circuits. When a short
duration pulse is applied to an inductor, a high counter-
voltage capable destroying the tran sistors in the circuit
may be produced. Furthermore, the distributed capacitance
in the winding of the coil may resonate and produce a paral-
lel-tuned circuit. That means that the pulse excitation will
cause the circuit to start oscillating and produce a sinusoidal
output wave form—a condition known as ringing. 

Since inductors require a large amount of space, and have
moving magnetic fields that can produce induced voltages at
undesired places in the circuit, there has been some effort to
eliminate the use of inductors in logic sys tems. If an inductor
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must be included, the designer will sometimes use a special
operational amplifier circuit called a gyrator. A gyrator is an
amplifier circuit that behaves like an inductor, but has only
RC components. 
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Check Your
Learning 3

Some practical aspects of pulse circuitry have been discussed
that will be very useful in your work. Before you go on to com-
plete the Self-Test, check yourself as to how weil you’ve learned
these fundamentals. 

1. A basic clamping circuit is made with a capacitor and resistor. A
disadvantage of this circuit is that it doesn’t respond well to a
decrease in (frequency, amplitude) ______. 

2. A (resistor, inductor) ______ can be added to eliminate the prob-
lem described in question 1. 

3. Under less than ideal conditions, a clamping circuit produces a tilt
on its output square waveform. Decreasing the capacity of the
circuit will ______ the tilt. 

a.. remove 
b. increase 
c. decrease 

4. True or False? Distributed capacity in an amplifier circuit will
cause the rise and decay of an output square wave to be curved. 

5. True or False? A hand-wired circuit fabrication is the best method
for minimizing distributed capacity in an amplifier. 

6. Which one of the following components can be added to an
amplifier to provide a sawmaker? 

a. Diode c. Inductor 
b. Capacitor d. Resistor 

(Continued)

Your Answers

1. ____________

2. ____________

3. ____________

4. True    False
(Circle your choice)

5. True    False
(Circle your choice)

6. ____________
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Check Your
Learning 3

7. Which one of the two circuits shown in the drawing might be 
subject to ringing?

a. 

b. 

Check your answers with those in the back of this book. 

Your Answers

7. ____________
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Check Your Learning Answers 1
1. limiter Art. 1 

2. resistor Art. 2 

3. False Art. 3, Fig. 3 
(Both have the 
same output.) 

4. D. Art. 5, Fig. 6

5. B. The transistor limiter Art. 4 
has an amplified output 
volt age.

6. D. Art. 8, Fig. 10 

Check Your Learning Answers 2
1. (Any two) 

d-c restorer 
Baseline stabilizer 

Clamping network Art. 9 

2. transformer coupling Art. 9 

3. battery Art. 10, Fig. 13(c) 

4. b. conducts on the first 
pos itive half-cycle of 
Input signal. Art. 10, Fig. 13 

5. a. Position x Art. 11, Fig. 14 

6. c. Reverse the diode Art. 12, Fig. 15
and switch to y.

7. False Art. 11 

(Refer to Fig. 14(e) 
for sig nal peaks.) 



Check Your Learning Answers 3
1. amplitude Art. 14

2. resistor Art. 14

3. b. increase Art. 15

4. True Art. 16

5. False Art. 16

(A printed-circuit 
fabrica tion is the 
best method for 
minimizing distributed 
capac ity in an amplifier.) 

6. b. Capacitor Art. 17, Fig. 19

7. b. Art. 19, Fig. 19

Check Your Learning Answers38
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Read each of the following statements carefully. and be sure
you understand it. Each statement is followed by four words or
phrases, only one of which is correct. Choose the one best
answer to each question. Do not submit your answers to the
school for grading.

1. One way to compare the circuits you’ve just studied is to say
that one removes the peaks while the other retains peaks.
The circuit that removes one or both peaks is called a 

A. limiter. C. clamping network. 
B. Clipper. D. toggle. 
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Self-Test
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2. The input signal shown in the figure below is caused a composite video waveform; it’s
used in industrial television systems. Only the sync pulses are in the output signal. The
circuit is a 

A. limiter. C. d-c restorer. 
B. clipper. D. flip-flop. 

3. A half-wave rectifier may be classed as a form of 

A. limiter. C. clamping network.
B. clipper. D. toggle. 

4. Shown is circuit with its input and output waveforms. 

Which one of these branches would you insert in place of the block marked circuit to
produce the waveforms shown? 

A. B. C. D. 
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5. Which one of the following does not change the shape of the input waveform? 

A. An FET amplifier operated at cutoff 
B. A clipper 
C. A limiter 
D. A baseline stabilizer 

6. You connect a resistor in parallel with the diode in a clamping circuit to 

A. reduce the peak inverse voltage. 
B. differentiate the input waveform. 
C. provide a discharge path for the capacitor. 
D. convert a square waveform into a sawtooth waveform. 

7. If you have to replace a transistor in a pulse circuit and you can’t get an exact replace-
ment, you might try a general-purpose 

A. power transistor. C. switching transistor. 
B. voltage amplifier. D. silicon-controlled rectifier. 

8. Which one of the input waveforms will produce the output waveform shown in the
drawing? 

A. C.

B. D.
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9. look at the drawing for question 2. To convert the output signal to a square wave, the
best circuit to use is a 

A. limiter. C. d-c restorer. 
B. clipper. D. toggled flip-flop. 

10. Which operational amplifier can be used in place of an inductor? 

A. Inderator C. Imitator 
B. Gyrator D. Retainer 



Question Answer Reference
1 A Art. 2

2 B Art. 2, Fig. 1(e)

3 A Art. 3

4 C Art. 5, Fig. 5

5 D Art. 9

6 C Art. 14

7 C Art. 16

8 B Art. 17, Fig. 19

9 D Art. 18, Fig. 20

10 B Art. 19
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