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INTRODUCTION

electrical circuit in many operations. In some appli-

cations, it is desirable and necessary that this make
and break should be very quick and without sparking.
The mechanical switches cannot be used for the pur-
pose for two main reasons. Firstly, a mechanical switch
has high inertia which limits its speed of operation. Sec-
ondly, there is sparking at the contacts during breaking
operation which results in the burning of the contacts.

In practice, it is often required to make or break an

The researches in the past years have revealed that
tubes and transistors can serve as switching devices.
They can turn ON or OFF power in an electrical circuit
ata very high speed without any sparking. Such switches
are known as electronic switches. The electronic
switches are being extensively used to produce non-si-
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nusoidal waves e.g., square, rectangular, triangular or saw-tooth waves. Solid-state switching circuits
are finding increasing applications. For example, solid-state switching circuits are the fundamental
components of modern computer systems. In this chapter, we shall confine our attention to transistor
as a switch. Once the reader gets acquainted with the switching action of a transistor, he can continue
to study digital electronics on his/her own.

18.1 Switching Circuit

A circuit which canturn ON or OFF current in an electrical circuit isknown asa switching circuit.

A switching circuit essentially consists of two parts Viz (i) a switch and (ii) associated circuitry.
The switch is the most important part of the switching circuit. It actually makes or breaks the electri-
cal circuit. The function of associated circuitry is to help the switch in turning ON or OFF current in
the circuit. It may be worthwhile to mention here that associated circuitry is particularly used with
electronic switches.

18.2 Switch

A switch is a device that can turn ON or OFF current in an electrical circuit. It is the most important
part of a switching circuit. The switches can be broadly classified into the following three types :
(i) Mechanical switch
(if) Electro-mechanical switch or Relay
(iii) Electronic switch
Although the basic purpose of this chapter is to discuss the switching action of a transistor, yet a

brief description of mechanical and electromechanical switches is being presented. This will help the
reader to understand the importance of transistor as a switch.

18.3 Mechanical Switch

A switch which is operated mechanically to turn ON or OFF currentin =~ _|
an electrical circuit is known as a mechanical switch. §RL

The familiar example of a mechanical switch is the tumbler switch
used in homes to turn ON or OFF power supply to various appliances
such as fans, heaters, bulbs etc. The action of a mechanical switch can
be beautifully understood by referring to Fig. 18.1 where a load R, is
connected in series with a battery and a mechanical switch S As long as the switch is open, there is
no current in the circuit. When switch is closed, the current flow is established in the circuit. Itis easy

to see that the whole current flows through the load as well as the switch.

Limitations. A mechanical switch suffers from

S

Fig. 18.1

the following drawbacks :

(i) In the closed position, the switch carries
the whole of the load current. For a large load cur-
rent, the switch contacts have to be made heavy to
enable them to carry the necessary current without
overheating. This increases the size of the switch.

(i) If the load current carried by the circuit is
large, there will be sparking at the contacts of the
switch during breaking operation. This results in
the wear and tear of the contacts.

(ii1) Due to high inertia of a mechanical switch,
the speed of operation is very small. Mechanical Switches
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Due to above limitations, the use of mechanical switches is restricted to situations where switch-
ing speed is small and the load current to be handled is not very heavy.

18.4 Electro-mechanical Switch or Relay

It isa mechanical switch which is operated electrically to turn ON or OFF current in an electrical
circuit.

The electro-mechanical
switch or relay is an 1mprqved SPRING
form of simple mechanical switch.
Fig. 18.2 shows the schematic dia-
gram of a typical relay. It consists | /o\ L |

of lever L carrying armature Aand 7/7 7\7 l l
A

asolenoid C. The spring pulls the
lever upwards while the solenoid

when energised pulls it down- _I '2—
wards. The solenoid circuit is so
designed that when switch Sis — — C
closed, the downward pull of the - ~1
solenoid exceeds the upward pull T ] —_ |:Z:|
of the spring. s —
When the switch Sis closed,
the lever is pulled downward and SOLENOID

the armature A closes the relay
contacts 1 and 2. This turns ON
current in the circuit. However,
when switch Sis opened, the so-
lenoid is de-energised and the spring pulls the lever and hence the armature A upwards. Conse-
quently, the relay contacts 1 and 2 are opened and current flow in the circuit is interrupted. In this
way, a relay acts as a switch.

Fig. 18.2

Advantages. A relay possesses the following advantages over a simple mechanical switch :

(i) The relay or electro-mechanical switch requires a small power for its operation. This per-
mits to control a large power in the load by a small power to the relay circuit. Thus a relay acts as a
power amplifier i.€. it combines control with power amplification.

(if) The switch in the relay coil carries a small current as compared to the load current. This
permits the use of a smaller switch in the relay coil circuit.

(i) The operator can turn ON or OFF power to a load even from a distance. This is a very
important advantage when high voltages are to be handled.

(iv) There is no danger of sparking as the turning ON or OFF is carried by the relay coil switch
which carries a small current.

However, a relay has two principal limitations. First, the speed of operation is very small; less
than 5 operations per second. Secondly, a relay has moving parts and hence there is considerable
wear and tear.

18.5 Electronic Switches

It is a device which can turn ON or OFF current in an electrical circuit with the help of electronic
devicese.g., transistors or tubes.
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Electronic switches have become very popular because of their high speed of operation and
absence of sparking. A transistor can be used as a switch by driving it back and forth between
saturation and cut off. This is illustrated in the discussion below :

Vee=Vece 0 —— TRANSISTOR

Fig. 18.3

(i) When the base input voltage is enough negative, the transistor is cut off and no current flows
in collector load [See Fig. 18.3 (i)]. As a result, there is no voltage drop acorss R and the output
voltage is *ideally V. i.€.,

lc =0 and V=V
This condition is similar to that of an open switch (i.e., OFF state) as shown in Fig. 18.3 (ii).

+Vee

Fig. 18.4

(i) When the input base voltage is positive enough that transistor saturates, then | o) will flow
through R.. Under such conditions, the entire V- will drop across collector load R and output

*  The collector current will not be zero since a little leakage current always flows even when the base input
voltage is negative or zero.

Output voltage = Ve — ljggage Re: 1 ljeakage = 0> then output voltage = V.
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voltage is ideally zero i.e.,

Vee
le = loeay = K and V=0

This condition is similar to that of a closed switch (i.e., ON
state) as shown in Fig. 18.4 (ii). lc
Conclusion. The above discussion leads to the conclusion
that a transistor can behave as a switch under proper conditions.
In other words, if the input base voltages are enough negative
and positive, the transistor will be driven between cut off and
saturation. These conditions can be easily fulfilled in a transis- N Ver
tor circuit. Thus a transistor can act as a switch. Fig. 18.5 shows 0
the switching action of a transistor in terms of dc load line. The

C(sat)

Fig. 185

point A of the load line represents
the ON condition while point B rep-
resents the OFF condition.

Example 18.1. Determine
the minimum high input voltage
(+V) required to saturate the tran-
sistor switch shown in Fig. 18.6.

Solution. Assuming the
transistor to be ideal,
Electronic Switches

lown = Vod/Re = 10 V/TkQ = 10mA

|
|, = o= _ 10mA_ oy 0
B 100
Now +V = 15 Ry + Vge

= (0.1 mA) (47kQ) +0.7
=47+07 = 54V

+Vee=10V

Re=1kQ

+V_L +——————— o
|

B =100
47kQ

-llll—o

s
&)

Fig. 18.6
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Hence in order to saturate the transistor, we require + 5.4 V.

18.6 Advantages of Electronic Switches

The following are the advantages of transistor switch over other types of switches :

(i) Tt has no moving parts and hence there is little wear and tear. Therefore, it gives noiseless
operation.

(i) It has smaller size and weight.
(i) It gives troublefree service because of solid state.
(iv) Tt is cheaper than other switches and requires little maintenance.

(v) Ithasavery fast speed of operation say upto 10° operations per second. On the other hand,
the mechanical switches have a small speed of operation €.g. less than 5 operations in a second.

18.7. Important Terms

So far we have considered the transistor to be an ideal one. An ideal transistor has Vo = V- (or |
=0) in the OFF state and V- =0 (or | = IC(%I)) in the ON state. However, such ideal conditions are
not realised in practice. In a practical transistor, the output voltage is neither V. in the OFF state nor
it is zero in the ON state. While designing a transistor
switching circuit, these points must be taken into consid-
eration.

(i) Collector leakagecurrent. When the input cir- Re
cuit is reverse biased or input voltage is zero, a small
current (a few pA) flows in the collector. This is known
as collector leakage current and is due to the minority -
carriers. The value of this leakage current is quite large T
in Ge transistors, but in modern silicon transistors, the Vv
value of leakage current is low enough to be ignored. —

(il) Saturation collector current. It isthe maxi- T
mum collector current for a particular load in atransis-
tor.

Consider an npn transistor having a load R in its
collector circuit as shown in Fig. 18.7. As the input forward bias is increased, the collector current I -
also increases because |- = Blg. However, with the increase in |, the voltage drop across R in-
creases. This results in the *decrease of Vz. When V drops to knee voltage (V,,,.), any further
increase in collector current is not possible since B decreases sharply when V¢ falls below knee
voltage. This maximum current is known as saturation collector current.

VCC — anee

Re

+Vee

Fig. 18.7

Saturation collector current, I o =

18.8 Switching Transistors

A transistor which isused as a switch is known as a switching transistor.

In general, switching transistor is fabricated by the same process as an ordinary transistor except
that it has special design features to reduce switch-off time and saturation voltage. Itis so arranged in
the circuit that either maximum current (called saturation collector current) flows through the load or
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minimum current (called collector leakage current) flows through the load. In other words, a switch-
ing transistor has two states Viz. (i) ON state or when collector saturation current flows through the
load (ii) OFF state or when collector leakage current flows through the load. In the discussion that
follows transistor means the switching transistor.

18.9 Switching Action of a Transistor

The switching action of a transistor can also be explained with the help of output characteristics. Fig.
18.8 shows the output characteristics of a typical transistor for a CE configuration. The load line is
drawn for load R and collector supply V.. The characteristics are arranged in three regions : OFF,
ON or saturation and active regions.

IC
+Vee A
I;=15pA
ON
C
%Rc I;=10 pA
B
I;=5pA

IC (sat) A
L_/ Icro ry Ig=0pA
» Vg
0
T— OFF

Fig. 18.8

(i) OFFregion. When the input base voltage is zero or *negative, the transistor is said to be in
the OFF condition. In this condition, Iz = 0 and the collector current is equal to the collector leakage
current | g, The value of | . can be obtained from the characteristics if we know V.

Power loss = Output voltage X Output current

As already noted, in the OFF condition, the output voltage = V- since voltage drop in the load
due to | .z is negligible.
: Power loss = Ve X g

Since | g is very small as compared to full-load current that flows in the ON condition, power
loss in the transistor is quite small in the OFF condition. It means that the transistor has a high
efficiency as a switch in the OFF condition.

(if) ON or saturation region. When the input voltage is made so much positive that saturation
collector current flows, the transistor is said to be in the ON condition. In this condition, the satura-
tion collector current is given by :

C(sat) R:

Power loss = Output voltage x Output current

If a small negative voltage is given to the input, the base-emitter junction is reverse biased and load current
becomes | g instead of | .
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The output voltage in the ON condition is equal to V., and output current is | ).

. Power loss = Voo X i)

Again the efficiency of transistor as a switch in the ON condition is high. It is because the power
loss in this condition is quite low due to small value of V.

(i) Activeregion. Itistheregion that lies between OFF and ON conditions.

The OFF and ON regions are the stable regions of operation. The active region is the unstable
(or transient) region through which the operation of the transistor passes while changing from OFF
state to the ON state. Thus referring to Fig. 18.8, the path AB is the active region. The collector
current increases from lcgq t0 | ooy along the path AB as the transistor is switched ON. However,
when the transistor is switched OFF, the collector current decreases from | o) to I g along BA.

Conclusions

(a) In the active region, the transistor operates as a linear amplifier where small changes in
input current (Alg) cause relatively large changes in output current (Al ).

(b) Inthe saturation state, the transistor behaves like a virtual short (collector — emitter shorted),
where V¢ is approximately zero and |~ is maximum, limited only by the resistance R in the collec-
tor. In the cut off state, the transistor behaves like an open circuit (collector-emitter open), where | - is
practically zero and V¢ is equal to supply voltage V.. Thustransistor in the saturation and cut
off statesbehavesasa switch—saturation state corresponds to the closure of switch and cut off state
corresponding to opening of switch.

Note. Transistor switch is inferior to mechanical switch or relay in one respect. When the mechanical
switch or relay is in the OFF condition, the load current is exactly zero. But when transistor switch is in the OFF
condition, the collector current is not zero but is equal to small collector leakage current. However, for all
practical purposes, this small collector leakage current may be neglected.

Example 18.2. Atransistor isused as a switch. If V. = 10V, R. = 1 kQ and | 55 = 10 uA,
determine the value of V. when the transistor is (i) cut off and (ii) saturated.
Solution.
(i) At cut off
lc = lcgo =10 pA
Vee = Vee—leso Re
10V-10pA x 1 kQ =10V —-10 mV =9.99V

(if) At saturation
| _ Vee ~ Viee
C(sa) Re
o Vee = Vipee= 0.7V
Example 18.3. Fig. 18.9 showsthetransistor switching circuit. Giventhat Ry = 2.7 k€2, Vg =
2V, Vge = 0.7V and V, . = 0.7V.
(i) Calculate the minimum value of  for saturation.

(ii) If Vggischanged to 1V and transistor has minimum = 50, will the transistor be saturated.
Solution.
Vo — V,
(|) I — BB BE
. Re
2V-07v _ 13V
= T27kQ 27kQ ~048mA

[ _ VCC — anee

C(sat) RC

Now
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+Vee= 10V

Fig.18.9
10V = 0.7V _ 9.3V
1kQ 1kQ ~93mA
I 9.3mA
Minimum B = I(:t’ = SaR i — 104
) Ve =V
(”) IB _ BBRB BE
IV-07V _ 03V
= 27kQ  27kq ~OllImA
lc = Plg=50x0.111=5.55mA

Since the collector current is less than saturation current (= 9.3 mA), thetransistor will not be
satur ated.

18.10 Multivibrators

An electronic circuit that generates square waves (or other non-sinusoidals such as rectangular,
saw-tooth waves) is known as a * multivibrator.

FEEDBACK
‘—
FEEDBACK
SECOND
FIRST STAGE STAGE
TRANSISTOR| —>  [TRANSISTOR Vout
0 0,
'y
Fig. 18.10

A multivibrator is a switching circuit which depends for operation on positive feedback. It is
basically a two-stage amplifier with output of one fedback to the input of the other as shown in
Fig. 18.10.

*  The name multivibrator is derived from the fact that a square wave actually consists of a large number of
(fourier series analysis) sinusoidals of different frequencies.
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The circuit operates in two states (vizON and OFF) controlled by circuit conditions. Each ampli-
fier stage supplies feedback to the other in such a manner that will drive the transistor of one stage to
saturation (ON state) and the other to cut off (OFF state).

After a certain time controlled by circuit con-
ditions, the action is reversed i.e. saturated stage Ie
is driven to cut off and the cut off stage is driven
to saturation. The output can be taken across ei-
ther stage and may be rectangular or square wave

depending upon the circuit conditions. Togant =" >

Fig. 18.10 shows the block diagram of a A Y Y S
multivibrator. Itis atwo-stage amplifier with 100% Iego l—» > R
positive feedback. Suppose output is taken across a d e
the transistor Q,. At any particular instant, one 0 TIME >t
transistor is ON and conducts | ) While the other
is OFF. Suppose Q, is ON and Q, is OFF. The Fig. 18.11

collector current in Q, will be Ic(%ﬁ) as shown in

Fig. 18.11. This condition will prevail for a time (bc in this case) determined by circuit conditions.
After this time, transistor Q, is cut off and Q, is turned ON. The collector current in Q, is now | o
as shown. The circuit will stay in this condition for a time de. Again Q, is turned ON and Q), is driven
to cut off. In this way, the output will be a square wave.

18.11 Types of Multivibrators

A multivibrator is basically a two-stage amplifier with output of one fedback to the input of the other.
At any particular instant, one transistor is ON and the other is OFF. After a certain time depending
upon the circuit components, the stages reverse their conditions — the conducting stage suddenly cuts
off and the non-conducting stage suddenly starts to conduct. The two possible states of a multivibrator
are :

ON OFF
First Sate Q, Q,
Second State Q, Q,

Depending upon the manner in which the two stages interchange their states, the multivibrators
are classified as :
(i) Astable or free running multivibrator
(i) Monostable or one-shot multivibrator
(iif) Bi-stable or flip-flop multivibrator
Fig. 18.12 shows the input/output relations for the three types of multivibrators.
(i) The astable or free running multivibrator alternates automatically between the two states
and remains in each for a time dependent upon the circuit constants. Thus it is just an oscillator since
it requires no external pulse for its operation. Of course, it does require a source of d.c. power.

Because it continuously produces the square-wave output, it is often referred to as a free running
multivibrator.

(if) The monostable or one-shot multivibrator has one state stable and one quasi-stable (i.e.
half-stable) state. The application of input pulse triggers the circuit into its quasi-stable state, in
which it remains for a period determined by circuit constants. After this period of time, the circuit
returns to its initial stable state, the process is repeated upon the application of each trigger pulse.
Since the monostable multivibrator produces a single output pulse for each input trigger pulse, it is
generally called one-shot multivibrator.
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Input Circuit Output

ASTABLE
NONE MULTIVIBRATOR [—*

MONOSTABLE
—» MULTIVIBRATOR >

BISTABLE
MULTIVIBRATOR [—>

|
-~
Ny

|

Fig. 18.12

(iif) The bistable multivibrator has both the two states stable. It requires the application of an
external triggering pulse to change the operation from either one state to the other. Thus one pulse is
used to generate half-cycle of square wave and another pulse to generate the next half-cycle of square
wave. Itis also known as a flip-flop multivibrator because of the two possible states it can assume.

18.12 Transistor Astable Multivibrator

A multivibrator which generates square waves of its own (i.e. without any external triggering pulse)
isknown as an astable or free running multivibrator.

The *astable multivibrator has no stable state. It switches back and forth from one state to the
other, remaining in each state for a time determined by circuit constants. In other words, at first one
transistor conducts (i.e. ON state) and the other stays in the OFF state for some time. After this period
of time, the second transistor is automatically turned ON and the first transistor is turned OFF. Thus
the multivibrator will generate a square wave output of its own. The width of the square wave and its
frequency will depend upon the circuit constants.

Circuit details. Fig. 18.13 shows the circuit of a typical transistor astable multivibrator using
two identical transistors Q, and Q,. The circuit essentially consists of two symmetrical CE amplifier
stages, each providing a feedback to the other. Thus collector loads of the two stages are equal i.e.
R, = R, and the biasing resistors are also equal i.e. R, = R;. The output of transistor Q, is coupled to
the input of Q, through C, while the output of Q, is fed to the input of Q, through C,. The square
wave output can be taken from Q, or Q,.

Operation. When V. is applied, collector currents start flowing in Q, and Q,. In addition, the
coupling capacitors C, and C, also start charging up. As the characteristics of no two transistors
(i.e. B, Vgg) are exactly alike, therefore, one transistor, say Q,, will conduct more rapidly than the
other. The rising collector current in Q, drives its collector more and more positive. The increasing
positive output at point Ais applied to the base of transistor Q, through C,. This establishes a reverse

A means not. Hence astable means that it has no stable state.
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- VCC

> 0, OUTPUT

Fig. 18.13

bias on Q, and its collector current starts decreasing.
As the collector of Q, is connected to the base of Q,
through C,, therefore, base of Q, becomes more nega-
tive i.e. Q, is more forward biased. This further in-
creases the collector current in Q, and causes a further
decrease of collector current in Q,. This series of ac-
tions is repeated until the circuit drives Q, to satura-
tion and Q, to cut off. These actions occur very rap-
idly and may be considered practically instantaneous.
The output of Q, (ON state) is approximately zero and Fig. 18.14
that of Q, (OFF state) is approximately V.. This is

shown by abin Fig. 18.14.

When Q, is at saturation and Q, is cut off, the full voltage V. appears across R, and voltage
across R, will be zero. The charges developed across C, and C, are sufficient to maintain the satura-
tion and cut off conditions at Q, and Q, respectively. This condition is represented by time interval bc
in Fig. 18.14. However, the capacitors will not retain the charges indefinitely but will discharge
through their respective circuits. The discharge path for C,, with plate L negative and Q, conducting,
is LAQ,VcR,M as shown in Fig. 18.15 (i).

The discharge path for C,, with plate K negative and Q, cut off, is KBR,R;J as shown in Fig.
18.15 (ii). As the resistance of the discharge path for C, is lower than that of C,, therefore, C, will
discharge more rapidly.

As C, discharges, the base bias at Q, becomes less positive and at a time determined by R, and
C,, forward bias is re-established at Q,. This causes the collector current to start in Q,. The increas-
ing positive potential at collector of Q, is applied to the base of Q, through the capacitor C,. Hence
the base of Q, will become more positive i.e. Q, is reverse biased. The decrease in collector current
in Q, sends a negative voltage to the base of Q, through C,, thereby causing further increase in the
collector current of Q,. With this set of actions taking place, Q, is quickly driven to saturation and Q,
to cut off. This condition is represented by cd in Fig. 18.14. The period of time during which Q,
remains at saturation and Q, at cut off is determined by C, and R,;.

— OUTPUT
B
Q.‘ <
4
fj

— TIME

el
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(@) (it)
Fig. 18.15
ON or OFF time. The time for which either transistor remains ON or OFF is given by :
ON time for Q, (or OFF time for Q,) is

T, = 0.694R,C,
OFF time for Q, (or ON time for Q,) is
T, = 0.694R,C,

Total time period of the square wave is
T=T+T,=0.694(R,C +R,C)
AsR, = R, = RandC, = C, = C,
: T = 0.694 (RC+RC)~1.4 RCseconds

Frequency of the square wave is
1 0.7
f = T2 RC Hz

It may be noted that in these expressions, Ris in ohms and C in farad.

Example 18.4. In the astable multivibrator showninFig. 18.13, R,= R;= 10kQand C, = C,
= 0.01 uF. Determine the time period and frequency of the square wave.

Solution.

HereR = 10kQ = 10*Q;C = 0.0l uF = 10°F

Time period of the square wave is

T = 14RC = 1.4x 10" x 10~ second
= 1.4x 10" second = 1.4x 107" x 10’ m sec
= 0.14m sec
Frequency of the square wave is
1 1
f = Hz =
T in second 14x107%

= 7x10°Hz = 7kHz

18.13 Transistor Monostable Multivibrator

A multivibrator in which one transistor is always conducting (i.e. in the ON state) and the other is
non-conducting (i.e. in the OFF state) is called a monostable multivibrator.
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A *monostable multivibrator has only one state stable. In other words, if one transistor is con-
ducting and the other is non-conducting, the circuit will remain in this position. It is only with the
application of external pulse that the circuit will interchange the states. However, after a certain time,
the circuit will automatically switch back to the original stable state and remains there until another
pulse is applied. Thus a monostable multivibrator cannot generate square waves of its own like an
astable multivibrator. Only external pulse will cause it to generate the square wave.

Circuit details. Fig. 18.16 shows the circuit of a transistor monostable multivibrator. It consists
of two similar transistors Q, and Q, with equal collector loads i.e. R, = R,. The values of Vgg and R,
are such as to reverse bias Q, and keep it at cut off. The collector supply V- and R, forward bias Q,
and keep it at saturation. The input pulse is given through C, to obtain the square wave. Again output
can be taken from Q, or Q,.

_VCC
C R, C
[l AN [ |
9,
< g >Q2 OUTPUT
2 R
/,T 5
INPUT
PULSE T 47
Fig. 18.16

Operation. With the circuit arrangement
shown, Q, is at cut off and Q, is at saturation.
This is the stable state for the circuit and it will e T B B R R

continue to stay in this state until a triggering pulse - “
= -

is applied at C,. When a negative pulse of short = == & & & = & & = & & & & = = = = = =
duration and sufficient magnitude is applied to I EEEEEEESESESESESEEEEEEEEN
the base of Q, through C,, the transistor Q, starts #®SSESEESSSSS S S S &s".s=

I E E RN EE N EEEEEEEEEEDN

conducting and positive potential is established - _
at its collector. The positive potential at the col-

. EE S EE E N E S EEEE N EEEEEEN
lector Ole 1S COU.plCd to the base OfQ2 through fE s s s EEEEEEEEEEEEEEEE
capacitor C,. This decreases the forward bias on IS SS NSNS SEEEESEEEENEES

. . EEEEEEEEEEEEEEEEEEEEEE
Q, and its collector current decreases. The increas- T T T T T T T T T T T T
ing negative potential on the collector of Q, is _ _
applied to the base of Q, through R,. This further BN NEEEE NNNEE NNENE
increases the forward bias on Q, and hence its
collector current. With this set of actions taking
place, Q, is quickly driven to saturation and Q, to Monostable Multivibrator
cut off.

*  Mono means single.
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With Q, at saturation and Q, at cut off, the circuit will come back to the original stage (i.e. Q, at
saturation and Q, at cut off) after some time as explained in the following discussion. The capacitor
C, (charged to approximately Vy-) discharges through the path R,V Q,. As C, discharges, it sends
avoltage to the base of Q, to make it less positive. This goes on until a point is reached when forward
bias is re-established on Q, and collector current starts to flow in Q,. The step by step events already
explained occur and Q, is quickly driven to saturation and Q, to cut off. This is the stable state for the
circuit and it remains in this condition until another pulse causes the circuit to switch over the states.

18.14 Transistor Bistable Multivibrator

A multivibrator which has both the states stable is called a bistable multivibrator.

The bistable multivibrator has both the states stable. It will remain in whichever state it happens
to be until a trigger pulse causes it to switch to the other state. For instance, suppose at any particular
instant, transistor Q, is conducting and transistor Q, is at cut off. Ifleft to itself, the bistable multivibrator
will stay in this position forever. However, if an external pulse is applied to the circuit in such a way
that Q, is cut off and Q, is turned on, the circuit will stay in the new position. Another trigger pulse
is then required to switch the circuit back to its original state.

Circuit details. Fig. 18.17 shows the circuit of a typical transistor bistable multivibrator. It
consists of two identical CE amplifier stages with output of one fed to the input of the other. The
feedback is coupled through resistors (R,, R;) shunted by capacitors C, and C,. The main purpose of
capacitors C, and C, is to improve the switching characteristics of the circuit by passing the high
frequency components of the square wave. This allows fast rise and fall times and hence distortionless
square wave output. The output can be taken across either transistor.

+Vee

0

o <) l l @) 0, OUTPUT
G Ry Rq —{ Cy

TRIGGER v TRIGGER
INPUT 1 BB INPUT 2

u|||<

Fig. 18.17

Operation. When V. is applied, one transistor will start conducting slightly ahead of the other
due to some differences in the characteristics of the transistors. This will drive one transistor to
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saturation and the other to cut off in a manner described for the astable multivibrator. Assume that Q,
is turned ON and Q, is cut OFF. If left to itself, the circuit will stay in this condition. In order to
switch the multivibrator to its other state, a trigger pulse must be applied. A negative pulse applied to
the base of Q, through C; will cut it off or a positive pulse applied to the base of Q, through C, will
cause it to conduct.

Suppose a negative pulse of sufficient magnitude is applied to the base of Q, through C,. This
will reduce the forward bias on Q, and cause a decrease in its collector current and an increase in
collector voltage. The rising collector voltage is coupled to the base of Q, where it forward biases the
base-emitter junction of Q,. This will cause an increase in its collector current and decrease in
collector voltage. The decreasing collector voltage is applied to the base of Q, where it further
reverse biases the base-emitter junction of Q, to decrease its collector current. With this set of actions
taking place, Q, is quickly driven to saturation and Q, to cut off. The circuit will now remain stable in
this state until a negative trigger pulse at Q, (or a positive trigger pulse at Q,) changes this state.

18.15 Differentiating Circuit

A circuit in which output voltageis directly proportional to the derivative of the input is known as a
differentiating circuit.

Output o< %(Input)

A differentiating circuit is a simple RC series circuit with output taken across the resistor R. The
circuit is suitably designed so that output is proportional to the derivative of the input. Thus ifad.c.
or constant input is applied to such a circuit, the output will be zero. It is because the derivative of a
constant is zero.

\ S

+ -
—e.—

c @ R % OUTPUT =¢,

|

Fig. 18.18 shows a typical differentiating circuit. The output across R will be the derivative of
the input. It is important to note that merely using voltage across R does not make the circuit a
differentiator; it is also necessary to set the proper circuit values. In order to achieve good differen-
tiation, the following two conditions should be satisfied :

Fig. 18.18

(i) The time constant RC of the circuit should be much smaller than the time period of the input
wave.

(i) The value of X should be 10 or more times larger than R at the operating frequency.
Fulfilled these conditions, the output across Rin Fig. 18.18 will be the derivative of the input.

Let g be the input alternating voltage and let i be the resulting alternating current. The charge g
on the capacitor at any instant is

q

Ce,

W _dg_d
Now =4 = dt(q) = dt(cec)
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. d
or i = Ca(ec)

Since the capacitive reactance is very much larger than R, the input voltage can be considered
equal to the capacitor voltage with negligible errori.e. e, =€,

. d
Output voltage, ¢, = i R

d
— RCE(Q)

oc % (&) (. RCis constant)

Output voltage o< % (Input)

Output waveforms. The output waveform from a differentiating circuit depends upon the time
constant and shape of the input wave. Three important cases will be considered.

(i) When input isa square wave. When the input fed to a differentiating circuit is a square
wave, output will consist of sharp narrow pulses as shown in Fig. 18.19. During the OC part of input
wave, its amplitude changes abruptly and hence the differentiated wave will be a sharp narrow pulse
as shown in Fig. 18.19. However, during the constant part CB of the input, the output will be zero
because the derivative of a constant is zero.

L i C e,
+1 = A
5v = B
A e R% c, +5v|C
0 ot B
Input Waveform l 2 \/ >t
A

Fig. 18.19

Let us look at the physical explanation of this behaviour of the circuit. Since time constant RC of
the circuit is very small w.r.t. time period of input wave and X, >> R, the capacitor will become fully
charged during the early part of each half-cycle of the input wave. During the remainder part of the
half-cycle, the output of the circuit will be zero because the ca-

pacitor voltage (€,) neutralises the input voltage and there can be
no current flow through R Thus we shall get sharp pulse at the /\/\
output during the start of each half-cycle of input wave while for

o A" B

the remainder part of the half-cycle of input wave, the output will
be zero. In this way, a symmetrical output wave with sharp posi-

I |
| |
| |
| |
| |
tive and negative peaks is produced. Such pulses are used in ! !
| |

I

|

|

|

l

many ways in electronic circuits €.g. in television transmitters :
and receivers, in multivibrators to initiate action etc.

(i) Wheninputisatriangular wave. When the input fed

to a differentiating circuit is a triangular wave, the output will be

arectangular wave as shown in Fig. 18.20. During the period OA

|| L

Fig. 18.20



Solid-State Switching Circuits B 485

of the input wave, its amplitude changes at a constant rate and, therefore, the differentiated wave has
a constant value for each constant rate of change. During the period AB of the input wave, the change
is less abrupt so that the output will be a very narrow pulse of rectangular form. Thus when a triangu-
lar wave is fed to a differentiating circuit, the output consists of a succession of rectangular waves of
equal or unequal duration depending upon the shape of the input wave.

(iif) When input isa sinewave. A sine wave input becomes a cosine wave and a cosine wave
input becomes an inverted sine wave at the output.

Example 18.5. (i) What is the effect of time constant of an RC circuit on the differentiated wave?
(ii) Sketch the output waveform from the differentiating circuit when input is square wave for
T =100RC, T =10RC, T = RC.

Solution.

(i) Inan RCdifferentiating circuit, the output voltage is taken across Rand the waveform of the
output depends upon the time constant of the circuit. The circuit will function as a differentiator if the
product RC is many times smaller than the time period of the input wave.

(if) Squarewaveinput. Fig. 18.21 shows the input square wave fed to a differentiating circuit.
Fig. 18.22 shows the output waveforms for different values of time period of the input wave.

A

INPUT WAVEFORM
Fig. 18.21

It may be noted that RC coupling circuit is the same as a differentiating circuit except that it has
a long time constant—in excess of 5 RC. Therefore, a coupling circuit does not noticeably differen-
tiate the input wave.

e() e() e()
A A A
+5V ‘\ +5V +5V--\‘ ’\
0 \/ >t 0 t 0 i/ >t
-5V -5V -5V+
T =100RC T=10RC T=RC
Fig. 18.22

Example 18.6. Inadifferentiating circuit, R= 10 kQ2and C = 2.2 pF. If theinput voltage goes
fromO V to 10 V at a constant rate in 0.4 s, determine the output voltage.

Solution.
d de
= RCE (e) = RC—
e, it (®) it ... See Art. 18.15
_ e . dg _10-0 _
Here R = 10kQ; C=22uF; d& - 04 = 25V/s
e, = (10x10°)x(22x 10 x25 = 055V
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18.16 Integrating Circuit

A circuit in which output voltage is directly proportional to the integral of the input is known asan
integrating circuit i.e.
Output oc ,[ Input
An integrating circuit is a simple RC series circuit with output taken across the capacitor C as

shown in Fig. 18.23. It may be seen that Rand C of the differentiating circuit have changed places. In
order that the circuit renders good integration, the following conditions should be fulfilled :

i R
> VIWWVWA
—€p —l

€ @ —_—cC OUTPUT =¢,

:

(i) The time constant RC of the circuit should be very large as compared to the time period of
the input wave.
(i) The value of Rshould be 10 or more times larger than X..
Let & be the input alternating voltage and let i be the resulting alternating current. Since Ris very
large as compared to capacitive reactance X of the capacitor, it is reasonable to assume that voltage
across R (i.e. &) is equal to the input voltage i.e.

&~ &

Fig. 18.23

Now i=8=41

The charge g on the capacitor at any instant is

q = [id

Output voltage, &, = = = =——

C
i

L (Qi=
C

xl-o
N

oc Jq dt (. RCis constant)

Output voltage o< _[Input

Output waveforms. The output waveform from an integrating circuit depends upon time con-
stant and shape of the input wave. Two important cases will be discussed :

(i) When input is a square wave. When the input fed to an integrating circuit is a square
wave, the output will be a triangular wave as shown in Fig. 18.24 (i). As integration means summa-
tion, therefore, output from an integrating circuit will be the sum of all the input waves at any instant.
This sum is zero at A and goes on increasing till it becomes maximum at C. After this, the summation
goes on decreasing to the onset of negative movement CD of the input.



Solid-State Switching Circuits B 487

INPUT INPUT

D

I I !
OUTPUT M OUTPUT W

O] (i)

Fig. 18.24

(i) Wheninputisrectangular wave. When the input fed to an integrating circuit is a rectangu-
lar wave, the output will be a triangular wave as shown in Fig. 18.24 (ii).

18.17 Important Applications of Diodes
We have seen that diodes can be used as rectifiers. Apart from this, diodes have many other applica-
tions. However, we shall confine ourselves to the following two applications of diodes :

(i) asa clipper (i) as a clamper

A clipper (or limiter) is used to clip off or remove a portion of an a.c. signal. The half-wave
rectifier is basically a clipper that eliminates one of the alternations of an a.c. signal.

A clamper (or dc restorer) is used to restore or change the dc reference of an ac signal. For
example, you may have a 10 Vpp ac signal that varies equally above and below 2 V dc.

18.18 Clipping Circuits
The circuit with which the waveform is shaped by removing (or clipping) a portion of the applied
wave is known as a clipping circuit.

Clippers find extensive use in radar, digital and other electronic systems. Although several clip-
ping circuits have been developed to change the wave shape, we shall confine our attention to diode
clippers. These clippers can remove signal voltages above or below a specified level. The important
diode clippers are (i) positive clipper (ii) biased clipper (iii) combination clipper.

(i) Positive clipper. A positive clipper is that which removes the positive half-cycles of the
input voltage. Fig. 18.25 shows the typical circuit of a positive clipper using a diode. As shown, the
output voltage has all the positive half-cycles removed or clipped off.

@ RL%oiTPUT —V,S __\/ \/

Fig. 18.25
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The circuit action is as follows. During the positive half-cycle of the input voltage, the diode is
forward biased and conducts heavily. Therefore, the voltage across the diode (which behaves as a short)
and hence across the load R is zero. Hence *output voltage during positive half-cycles is zero.

During the negative half-cycle of the input voltage, the diode is reverse biased and behaves as an
open. In this condition, the circuit behaves as a voltage divider with an output given by :

R
R+RLVm

Output voltage = —

Generally, R is much greater than R.
R Output voltage = -V,

It may be noted that if it is desired to remove the negative half-cycle of the input, the only thing
to be done is to reverse the polarities of the diode in the circuit shown in Fig. 18.25. Such a clipper is
then called a negative clipper.

(i) Biased clipper. Sometimes it is desired to remove a small portion of positive or negative
half-cycle of the signal voltage. For this purpose, biased clipper is used. Fig. 18.26 shows the circuit
of a biased clipper using a diode with a battery of V volts. With the polarities of battery shown, a
portion of each positive half-cycle will be clipped. However, the negative half-cycles will appear as
such across the load. Such a clipper is called biased positive clipper.

The circuit action is as follows. The diode will conduct heavily so long as input voltage is greater
than +V. When input voltage is greater than +V, the diode behaves as a short and the output equals +V.
The output will stay at +V so long as the input voltage is greater than +V. During the period the input
voltage is less than +V, the diode is reverse biased and behaves as an open. Therefore, most of the
input voltage appears across the output. In this way, the biased positive clipper removes input voltage
above +V.

During the negative half-cycle of the input voltage, the diode remains reverse biased. Therefore,
almost entire negative half-cycle appears across the load.

W i T Vo [ //*_\\
@ ;L/; R; < OUTPUT 0 \/ \/
_ T .

Fig. 18.26
If it is desired to clip a portion of negative half-cycles of input voltage, the only thing to be done
is to reverse the polarities of diode or battery. Such a circuit is then called a biased negative clipper.
(iif) Combination clipper. It is a combination of biased positive and negative clippers. With a
combination clipper, a portion of both positive and negative half-cycles of input voltage can be re-
moved or clipped as shown in Fig. 18.27.

A A

Tl ho

Vl — VZ _ V2 .......U

Fig. 18.27

< It may be noted that all the input voltage during this half-cycle is dropped across R.
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The circuit action is as follows. When positive input voltage is greater than +V,, diode
D, conducts heavily while diode D, remains reverse biased. Therefore, a voltage +V, appears across
the load. This output stays at +V, so long as the input voltage exceeds +V,. On the other hand,
during the negative half-cycle, the diode D, will conduct heavily and the output stays at -V, so
long as the input voltage is greater than —V,. Note that +V, and -V, are less than + V_ and -V,
respectively.

Between +V, and -V, neither diode is on. Therefore, in this condition, most of the input voltage
appears across the load. It is interesting to note that this clipping circuit can give square wave output
if V,is much greater than the clipping levels.

Example 18.7. For the negative series clipper shown in Fig.18.28, what is the peak output
voltage from the circuit ?

Solution. When the diode is connected in series with the load, it is called a series clipper. Since
it is a negative clipper, it will remove negative portion of input a.c. signal.

in
= o
y Vout
11.3V |

O
V.
Fig. 18.28

124

L

During the positive half-cycle of input signal, the dioide is forward biased. As a result, the diode
will conduct. The output voltage is

Voupedy = Vinpeag = 0-7 = 12-0.7 =113V

During the negative half-cycle of input signal, the diode is reverse biased and consequently it
will not conduct. Therefore, V,; = 0. Note that under this condition, the entire input voltage will
appear across the diode.

Example 18.8. The negative shunt clipper shown in Fig. 18.29 (i) has a peak input voltage of
+ 10 V. What isthe peak output voltage from this circuit ?

R
V. 1 kQ

l O—PiiN

Fig. 18.29

(i)

Solution. When the diode is connected in parallel with the load, it is called a shunt clipper.
During the positive half-cycle of input ac signal, the diode is reverse biased and it will behave as an
open. This is shown in Fig. 18.29 (ii). With diode as an open,

Vout(peay = Peak voltage across R

R _ 4 0o
= R+R e = g x 10 =8

Note that peak output voltage is somewhat less than the peak input voltage.
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Example 18.9. In example 18.8, what will be the output voltage and voltage across R when the
input voltageis —10 V ?

Solution. During the negative half-cycle of input signal, the diode is forward biased. Therefore,
diode can be replaced by its simplified equivalent circuit as shown in Fig. 18.30. Since load is
connected in parallel with the diode,

Vou = —0.7V
Voltage across R, Vp = (=10)-(=0.7) = —=10+0.7 = =93V

Example 18.10. The positive shunt clipper shown in Fig. 18.31 has the input waveform as
indicated. Determine the value of V,, for each of the input alternations.

A R
o MWA—
V., 2000 _T_
~10V l R, =1kQ _VE,

Fig. 18.31

Solution.

Positive half-cycle. During the positive half-cycle of the input ac signal, the diode is forward
biased. Therefore, diode can be replaced by its simplified equivalent circuit as shown in
Fig. 18.32. Since the load is connected in parallel with the diode,

V,, = 07V
Vin R
o—— AW
+10V v, 2000 L
- ; l Io.w R,=1kQ

Negative half-cycle. During the negative half-cycle of the input a.c. signal, the diode is reverse
biased and it conducts no current. Therefore, the diode will behave as an open as shown in Fig. 18.33.

out

Fig. 18.33

- Ry
out (peak) R + RL in(peak)
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1000
= |21 = -8
(200+1000)( 0V) =-833V

Again the peak output voltage is somewhat less than the peak input voltage.
Example 18.11. InFig. 18.31, what isthe purpose of using the seriesresistance R ?

Solution. The purpose of series resistance Ris to protect the diode from damage. Let us explain
this point. Suppose the series resistance Ris not in the circuit. The circuit then becomes as shown in
Fig. 18.34.

During the positive half-cycle of the input signal, the diode is forward biased. Since series resis-
tance Ris not present, it is easy to see that the diode will short the signal source to the ground. As a
result, excessive current will flow through the diode as well as through the signal source. This large
current may damage/destroy either the diode or the signal source.

V.

in

S
Vin

Fig. 18.34

Note. The series resistance Rprotects the diode and signal source when diode is forward biased.
However, the presence of this resistance affects the output voltage to a little extent. It is because in a
practical clipper circuit, the value of Ris much lower than R, . Consequently, output voltage will be
approximately equal to V,, when the diode is reverse biased.

Example 18.12. For the input wave to the clipping circuit shown in Fig. 18.35, find the output
waveform.

+30 V|
+o L }I o+
0 > 10V
Vin 10kQ Vout
~30 Ve
— 0 o —
Fig. 18.35

Solution. For any value of V,, > 10V, the ideal diode is forward biased and V= V,,— 10. For
example, at V,, = 15V [See Fig. 18.36 (i)], V, ;= 15-10=5V.

L v e & e,
>
= 10V OPEN
SHORT
15V _1*
i 10 kQ% VIz SV 10 kQ% ‘{JI

(i) (i)
Fig. 18.36
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For any value of V;, < 10V, the ideal diode is reverse biased. Therefore, circuit current is zero and
hence V,,, = 0. For example, with V; = 5V [See Fig. 18.36 (ii)], V,,; = 0 and V (drop across diode) = 5V

\%

V. out

G
+30 V| +20 Vi

21 > ¢ ) >
X n\/ ' 0] To2m

30 Vi

() (i)

Fig. 18.37

The output waveform will be as shown in Fig. 18.37 (ii).

Example 18.13. For the input wave to the clipping circuit in Fig. 18.38, find the output wave-
form.

“/m
h
+ II Pt
+15V — _| Tlov T
ol o | ! v, 10k§2§ Vour
-30V _l L

Fig. 18.38

Solution. For any value of V;, > 10V, the ideal diode is forward biased and V= V;,— 10. For
any value of V;, < 10V, the ideal diode is reverse biased and V= 0.

Vin ‘{mt
A
+ 15V — —|
, VI M
ol o |n ! 0 ‘ L
-30V -
@) (i0)

Fig. 18.39

The output waveform will be as shown in Fig. 18.39 (ii).

Example 18.14. For the input waveform to the clipping circuit in Fig. 18.40, find the output
voltage waveform.

Solution. The battery of 5V reverse biases the diode. The point *A must go positive to 5V before
the diode turns on. For all voltages at point A equal to or greater than 5V, the diode conducts and the

* Assuming the diode to be ideal. Actually point A must go positive to 5.6V before the diode turns on. Here
0.6V accounts for potential barrier.
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output voltage stays at 5V. For all negative voltages at A and positive voltages less than 5V, the diode
is reverse biased. When reverse biased, the diode acts like an open circuit and V= V. Thus circuit
in Fig. 18.40 is an adjustable positive peak clipper that clips all positive peaks greater than battery
voltage (i.e. 5V).

V‘in A m B “/kout
+ 10V — T T +10V—T
S5V
0 >t Vin 1 V., 0 >t
— 10V l T l — 10V
Fig. 18.40

Example 18.15. For the input wave to the symmetrical clipper shown in Fig. 18.41, find the
output voltage waveform. Assume that the barrier voltage of each diodeis 0.6V.

Solution. Fig. 18.41 shows the symmetrical clipper.

(i) Diode D is reverse biased for all positive inputs and negative inputs less than 0.6V. Diode
D, is reverse biased for all negative inputs and positive inputs less than 0.6V.

(ii) For all positive inputs greater than 0.6V, D, is forward biased and output voltage stays at
0.6V. For all negative inputs greater than —0.6V, D, is forward biased and output stays at — 0.6V.

Km m . . Kout
+ 10V —
0.6V —
0 >t Vi, D, D, Vour 0 >t
-0.6V
- 10V
Fig. 1841

Thus for the input voltage waveform, the output voltage varies between — 0.6V and 0.6V. This
circuit is sometimes used to convert a sine-wave input to a reasonably square-wave output signal.

Example 18.16. Fig. 18.42 shows a zener shunt clipper with sine wave input. Determine the
output waveform.

Rg
o WWH

in
/\ S O
Z

V4

Fig. 18.42
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Solution. The zener shunt clipper uses a zener diode in place of the ordinary diode. The zener
shunt clipper uses both the forward and reverse characteristics of the zener diode. Thus when the
zener diode is forward biased, this clipper acts just like the standard shunt clipper.

When the input signal in Fig. 18.42 goes positive, the zener is reverse biased. Therefore, the zener
diode will remain OFF until the value of V,, reaches the value of V. At that time, the zener diode will
turn ON, clipping the input signal. As long as V,,, is greater than V,, the zener will remain ON and the
output voltage is

Vou = V2

When the input signal goes negative, the zener is forward biased. Therefore, the zener is clipped
offat 0.7 V.

Example 18.17. Fig. 18.43 shows a symmetrical zener shunt clipper with sine wave input.
Determine the output waveform.

Rg A

m
Vz1 ~~ D, «—V,+V
a\ i

v S T

Fig. 18.43

Solution. The symmetrical zener clipper uses two zener diodes that are connected as shown in
Fig. 18.43. When the input is positive, D, is forward biased and D, is reverse biased (assuming that
the value of V,, is high enough to turn both diodes ON). When both diodes are conducting, the
voltage from point A to ground will be equal to the sum of V,, and the forward voltage drop of D, i.e.,
Vg, =0.7V.

Vo = Vgt Ve =V, +0.7V

When the input is negative, D, is reverse biased and D, is forward biased. The output voltage in
this case is

Vout

= —=Vz =V, == (V5 +0.7V)
In practice, the two zeners have the same voltage rating i.e. V,, =V,, =V,.

Vo, = =(V,+0.7V)

out
18.19 Applications of Clippers
There are numerous clipper applications and it is not possible to discuss all of them. However, in
general, clippers are used to perform one of the following two functions :

(i) Changing the shape of a waveform

(i) Circuit transient protection

(i) Changing the shape of waveform. Clippers can alter the shape of a waveform. For ex-
ample, a clipper can be used to convert a sine wave into a rectangular wave, square wave etc. They
can limit either the negative or positive alternation or both alternations of an a.c. voltage.

(if) Circuit Transient protection. *Transients can cause considerable damage to many types
of circuits e.g., a digital circuit. In that case, a clipper diode can be used to prevent the transient form
reaching that circuit.

* A transient is a sudden current or voltage rise that has an extremely short duration.
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+5V
o]

+5Vmmm oo -
o0vV---L-d_—=
—5V---——F-X--

TRANSIENT

Fig. 18.44

Fig. 18.44 shows the protection of a typical digital circuit against transients by the diode clipper.
When the transient shown in Fig. 18.44 occurs on the input line, it causes diode D, to be forward
biased. The diode D, will conduct; thus shorting the transient to the ground. Consequently, the input
of the circuit is protected from the transient.

18.20 Clamping Circuits

Acircuit that places either the positive or negative peak of asignal at adesired d.c. level isknown as
aclamping circuit.

+5 Vy +10 Vi
/\ POSITIVE
0 \/ CLAMPER
— 5V oo 5
Fig. 18.45

A clamping circuit (or a clamper) essentially adds a d.c. component to the signal. Fig. 18.45
shows the key idea behind clamping. The input signal is a sine wave having a peak-to-peak value of
10 V. The clamper adds the d.c. component and pushes the signal upwards so that the negative peaks
fall on the zero level. As you can see, the waveform now has peak values of +10 V and 0 V.

It may be seen that the shape of the original signal has not changed; only there is vertical shift in
the signal. Such a clamper is called a positive clamper. The negative clamper does the reverse i.e. it
pushes the signal downwards so that the positive peaks fall on the zero level.

The following points may be noted carefully :

(i) The clamping circuit does not change the peak-to-peak or r.m.s. value of the waveform.
Thus referring to Fig. 18.45 above, the input waveform and clamped output have the same peak-to-
peak value i.e., 10 V in this case. If you measure the input voltage and clamped output with an a.c.
voltmeter, the readings will be the same.

(if) A clamping circuit changes the peak and average values of a waveform. This point needs
explanation. Thus in the above circuit, it is easy to see that input waveform has a peak value of 5 V
and average value over a cycle is zero. The clamped output varies between 10 V and 0 V. Therefore,
the peak value of clamped output is 10 V and *average value is 5 V. Hence we arrive at a very
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important conclusion that a clamper changes the peak value aswell asthe average val ue of a wave-
form.

18.21 Basic Ildea of a Clamper

A clamping circuit should not change peak-to- C
peak value of the signal; it should only change ° I
the dclevel. To do so, a clamping circuit uses a Vin 1 uF

capacitor, together with a diode and a load resis-
tor R . Fig. 18.46 shows the circuit of a positive
clamper. The operation of a clamper is based
on the principle that charging time of a capaci- = =
tor is made very small as compared to its dis- Fio. 18.46
charging time. Thus referring to Fig. 18.46, '9. 10,
RC = (10Q)x(10°F) = 10 us
Total charging time, 1. = **5R C = 5x 10 = 50 us
R C = (10x10%) x(1x107% = 10 ms
SR C =5x10 = 50 ms

It may be noted that charging time (i.e., 50 us) is very small as compared to the discharging time
(i.e, 50 ms). This is the basis of clamper circuit operation. In a practical clamping circuit, the values
of Cand R are so chosen that discharging time is very large.

R, =10kQ

5

=

0
]

*Charging time constant, T

***Discharging time constant, T

Total discharging time, T,

18.22 Positive Clamper

Fig. 18.47 shows the circuit of a Tpositive clamper. The input signal is assumed to be a square wave
with time period T. The clamped output is obtained across R, . The circuit design incorporates two
main features. Firstly, the values of Cand R, are so selected that time constant T = CR, is very large.
This means that voltage across the capacitor will not discharge significantly during the interval the
diode is non-conducting. Secondly, R C time constant is deliberately made much greater than the
time period T of the incoming signal.

C
+V o—| - o
ov
Vin RL vout
-V
o e ]
Fig. 18.47

Operation
(i) During the negative half-cycle of the input signal, the diode is forward biased. Therefore,

* When diode is forward biased.

ol From the knowledge of electrical engineering, we know that charging time of a capacitor is ~ 5 RC.
*%  When diode is reverse biased.

T If you want to determine what type of clamper you are dealing with, here is an easy memory trick. If the

diode is pointing up (away from ground), the circuit is a positive clamper. On the other hand, if diode is
pointing down (towards ground), the circuit is a negative clamper.
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the diode behaves as a short as shown in Fig. 18.48. The charging time constant (= CR; , where R, =
forward resistance of the diode) is very small so that the capacitor will charge to V volts very quickly.
It is easy to see that during this interval, the output voltage is directly across the short circuit. There-

fore, V= 0.
C
Is- o+ =+ o+
Vv
VE__ RL Vout v I;aut RL Vuut
O — -|_ 0 —
Fig. 18.48 Fig. 18.49

(if) When the input switches to +V state (i.e., positive half-cycle), the diode is reverse biased
and behaves as an open as shown in Fig. 18.49. Since the discharging time constant (= CR, ) is much
greater than the time period of the input signal, the capacitor remains almost fully charged to V volts
during the off time of the diode. Referring to Fig. 18.49 and applying Kirchhoff ’s voltage law to the
input loop, we have,

V+V— Vout 0 V.
or Vo = 2V 4
The resulting waveform is shown in Fig. 18.50. Itis clear that it is +V

a positively clamped output. That is to say the input signal has been
pushed upward by V volts so that negative peaks fall on the zero level. >t

n

18.23 Negative Clamper

Fig. 18.51 shows the circuit of a negative clamper. The clamped out- +2V
putis taken across R . Note that only change from the positive clamper
is that the connections of diode are reversed. A

(i) During the positive half-cycle of the input signal, the diode is
forward biased. Therefore, the diode behaves as a short as shown in
Fig. 18.52. The charging time constant (= CRy) is very small so that 0
the capacitor will charge to V volts very quickly. It is easy to see that Fig. 18.50
during this interval, the output voltage is directly across the short cir-
cuit. Therefore, V= 0.

A Vin
(o, IC; \
+V I
T .
0 T > Vi, R; Vour
2
-V ° o
Fig. 1851

(if) When the input switches to —V state (i.e., negative half-cycle), the diode is reverse biased
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C
= —o+ = | o+
Vv
_ o
V%__ Ry Vour VT-_— Y)ouz Ry Vous
o— 0o —
Fig. 18.52 Fig. 18.53
and behaves as an open as shown in Fig. 18.53. Since the discharging time V.

constant (= CR, ) is much greater than the time period of the input signal, the
capacitor almost remains fully charged to V volts during the off time of the

diode. Referring to Fig. 18.53 and applying Kirchhoff ’s voltage law to the 0 >t
input loop, we have, vy

~V-V-V,, =0

LN

out

»

or Voo = =2V

The resulting waveform is shown in Fig. 18.54. Note that total swing
of the output signal is equal to the total swing of the input signal.

-2V
Fig. 18.54

Example 18.18. Sketch the output waveform for the circuit shown in
Fig. 18.55. Itisgiven that discharging time constant (CR, ) ismuch greater
than the time period of input wave.

A Vin C

+o [l 9 o+
+5V
0 >l Vi %RL Vout
2V
T

—5V-----

-0

o—

Fig. 18.55

Solution.

During positive half-cycle of the input signal, the diode is forward biased. The network will
appear as shown in Fig. 18.56. Itis clear that V, = +2 V. Further, applying Kirchhoff's voltage law
to the input loop in Fig. 18.56, we have,

5V-V,-2V =0
Ve =3V

+o ) ’ 9 o+ -0 |} ' 7 o+

~
+
M
o— 4

SV RL Vout SV i%it RL Vaut
2V 2V

—o T 0 — + 0 T 0 —
Fig. 18.56 Fig. 1857

Therefore, the capacitor will charge up to 3 V.
During the negative half-cycle of the input signal, the diode is reverse biased and will behave as
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an open [See Fig. 18.57]. Now battery of 2 V has no effecton V.
Applying Kirchhoff’s voltage law to the outside loop of Fig. 18.57, AV

we have, 5.3V, = 0 Y \\\\\\\\

or Voo = -8V

The negative sign results from the fact that the polarity of 8 V
is opposite to the polarity defined for V. The clamped output is
shown in Fig. 18.58. Note that the output swing of 10 V matches 3V \_

with the input swing.
Note. It is a biased clamper circuit. It allows a waveform to Fig. 18.58
be shifted above or below (depending upon the polairty of 2 V
battery) a dc reference other than 0 V.
Example 18.19. Sketch the output waveform for the circuit shownin Fig. 18.59. Itisgiven that
discharging time constant (= CR,) is much greater than the time period of input wave.

v

(=)

“Vin C

+5V +o |} o+
>t V. 1%
0 in RL out
2V
-5V

— O T o —

Fig. 18.59

Solution.

During the positive half-cycle of input signal, the diode is forward biased. Therefore, the diode
behaves as a short [See Fig. 18.60]. Itis easy to see that V, = —2 V. Further, applying Kirchhoff’s
voltage law to the input loop [ See Fig. 18.60], we have,

5V-Vc+2V =0
or Ve =7V
Therefore, the capacitor will charge upto 7 V.

7V
+o HI= 2 : o+ -0 +H_ : o+
V. l
5V RL Vout 5V i RL Vout
2V 2V
— 0O _1_ > O — + O —l_ o —
Fig. 18.60 Fig. 18.61

AV

During the negative half-cycle of the input signal, the diode is re-
verse biased and behaves as an open as shown in Fig. 18.61. Now bat- 0
tery of 2 V has no effect on V. Applying Kirchhoff’s voltagelawtothe = _2v
outside loop of Fig. 18.61, we have,

-5V-7V-V,, =0

or Vi = —12V §

The negative sign results from the fact that the polarity of 12 Vis  _ 5y,
opposite to the polarity defined for V ;. The clamped output is shown in
Fig. 18.62. Note that output and input swings are the same. Fig. 18.62
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Examle 18.20. Draw the output voltage waveform for the input shown in Fig. 18.63.

v, c
4 +o I( o + Vour
A
V I
T, Vo R Vour 0 .
0
-V - o : o — 2V
_2V+ i
@)
out
h
c
i vo|| ey
: " T
V —
2V
T Vln R VOMf l
>t >t
0 0 ”
o , o
-V
(i)

Fig. 18.63
Solution. Fig. 18.63 (i) shows the output voltage waveform for the input wave to the clamping
circuit. Note that it is a negative clamper and pushes the input wave downwards so that positive peaks
fall on the zero level. Fig. 18.63 (ii) shows the output voltage waveform for the input wave to a
positive clamper. The clamper pushes the input wave upwards so that the negative peaks fall on the
zero level.

Example 18.21. Draw the output voltage waveform for the input wave shown in Fig. 18.64.

Km ﬁ Vour
+ o | \ o + A
vV —
T >t Vin R v Vout ‘:)1 t
-|— 1
_vy -0 - - 2&\/
@
Vin c Vout
4 +o H o + 4
V —
5 T >t Vin R v Vout I
1
-V - o T o — Vi i
0 >t

(id)
Fig. 18.64
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Solution. Fig. 18.64 (i) shows the output voltage waveform for the input wave to the
clamping circuit. This is a negative clamper and pushes the input wave downward so that positive
peak voltage is now V,. Fig. 18.64 (ii) shows the output voltage waveform from a positive
clamper. Note that the input wave is pushed upwards so that negative peaks are V, volts above the
zero level.

Example 18.22. Draw the output voltage waveform for the input wave shown in Fig. 18.65.

Vin Vout
A +o I( o + 4
\ C
T >t Vm R Vout OF——»1¢
' ' 1" o i
-V o° T v
@)
Vin ¢ Vout
A o I o A
+ I\ +
V —

(]
~
v
=
=
e
_<
ol §<
()
f—>—>
v

(ii)
Fig. 18.65

Solution. Fig. 18.65 (i) shows the output voltage waveform for the input wave to the clamping
circuit. This is a negative clamper and pushes the input wave downward so that positive peaks lie V,
volts below the zero level. Fig. 18.65 (ii) shows the output voltage waveform from a positive clamper.
Note that the input waveform is pushed upwards so that negative peaks lie V, volts below zero level.

MULTIPLE-CHOICE QUESTIONS

1. Aswitchhas.............. 4. The most inexpensive switch is ..............
(i) one state (i) two states switch.
(iii) three states  (iv) none of the above (i) electronic
2. Arelayis.............. switch. (if) mechanical
(i) amechanical (i) an electronic (iii) electromechanical
(iii) anelectromechanical (iv) none of the above
(V) nor.le of the above 5. The main disadvantage of a mechanical
3. The switch that has the fastest speed of op- switch is that it ...........
eration is .............. switch.

(i) electronic (i) is operated mechanically
(ii) mechanical (it) is costly

(iii) electromechanical
(iv) none of the above (iv) none of the above

(iil) has high inertia
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6. When a transistor is driven to saturation,
ideally the output is ..............

() Vee (i) 0
(iii) V2 (iv) 2Vc
7. The maximum speed of electronic switch can
be o, operations per second.
(i) 10
(i) 1000 (iv) 10°
8. A relay is superior to a mechanical switch
because it ..............
(i) isrelatively inexpensive
(ii) does not require moving contacts

(iii)

combines control with power amplifi-

cation
(iv) none of the above
9. When a transistor is driven to cut off, ide-
ally the output is ..............
() Vee (i) 0
(iii) Ve/2 (iv) Vc/3
10. i multivibrator is a square wave 0s-
cillator.
(i) monostable  (ii) astable

(iii) bistable (iv) none of the above
11. An astable multivibrator has ..............
(i) one stable state (ii) two stable states
(iii) no stable state (iv) none of the above

12. If d.c. supply of 10 V is fed to a differentiat-
ing circuit, then output will be ..............

(i) 20V @i 10V
(iii) OV (iv) none of the above
13. If the input to a differentiating circuit is a
saw-tooth wave, then output will be ..............

wave.
(i) square (ii) triangular
(iii) sine (iv) rectangular

14. A bistable multivibrator has ..............
(i) two stable states
(ii) one stable state
(i)
(iv)
15. If a square wave is fed to a differentiating
circuit, the output will be ..............
(i) sine wave
(ii) sharp narrow pulses
(iil) rectangular wave

no stable state
none of the above

(iv) triangular wave
16. An integrating circuit is a simple RC series
circuit with output taken across ..............
(i) bothRand C (i) R
(i) C (iv) none of the above
17. For an integrating circuit to be effective, the
RC product should be .............. the time pe-
riod of the input wave.

(i) 5 times greater than
(i) 5 times smaller than
(iil) equal to
(iv) atleast 10 times greater than

18. A differentiating circuit is a simple RC cir-
cuit with output taken across ..............

(i) R (i) C
(iii) both R and C (iv) none of the above
19. A monostable multivibrator has ..............
(i) no stable state
(ii) one stable state
(iii) two stable states
(iv) none of the above

20. The multivibrator which generates square
wave of its own is the .............. multivibrator.

(i) monostable  (ii) bistable
(iii) astable (iv) none of the above

21. For a differentiating circuit to be effective,
the RC product should be .............. the time
period of the input wave.

(i) equal to
(ii) 5 times greater than
(iii) 5 times smaller than
(iv) atleast 10 times greater than

22. When a rectangular voltage waveform is
applied to a capacitor, then the current wave-
formis ......c.....

(i) rectangular (i) sinusoidal

(iii) sawtooth (iv) square

23. The positive clipper is that which removes

the ..o half-cycles of the input voltage.
(i) negative

(i) positive

(iii) both positive and negative

(iv) none of the above

24. A clamping circuitadds .............. component
to the signal.
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(i) d.c. 28. Anegative clipper removes the............... half-
(ii) ac. cycles of the input voltage.

(iii) both d.c. and a.c.
(iv) none of the above
25. One would find a clamping circuitin ..............
(i) receiving antenna
(ii) radio transmitter
(iii) radioreceiver (iv) televisionreceiver
26. When transistor is used as an amplifier, it is
operated in the region.

(i) off (ii) saturation
(iii) active (iv) none of the above

27. When the transistor (CE arrangement) is in
the cut off region, the collector current is

(i) lego
(V) I s

(I) ICBO

(i) B+1)leeo

(i) negative

(i) positive
(iii) both positive and negative
(iv) none of the above

29. Ifthe input to an integrating circuit is a suc-
cession of alternating positive and negative
pulses of very short duration, the output will

be oo, wave
(i) rectangular (il) triangular
(iii) sine (iv) square
30. In a multivibrator, we have ............ feed-
back.

(i) negative

(ii) 100 % positive
(iif) both positive and negative
(iv) none of the above

Answersto Multiple-Choice Questions
1. (i) 2. (iii) 3. () 4. (i) 5. (iii)
6. (i) 7. (iv) 8. (iii) 9. () 10. (i)
1. (i) 12. (iii) 13. (iv) 14. (i) 15. (i)
16. (iii) 17. (iv) 18. (i) 19. (i) 20. (i)
21. (iv) 22. () 23. (i) 24. (i) 25. (iv)
26. (iii) 27. (ii) 28. (i) 29. (iv) 30. (ii)
Chapter Review Topics
1. What is a switching circuit ?
2. Discuss the advantages of an electronic switch over a mechanical or electro-mechanical switch.
3. Explain the terms collector leakage current and saturation collector current.
4. Explain the switching action of a transistor with the help of output characteristics.
5. What is a multivibrator ? Explain the principle on which it works.
6. With a neat sketch, explain the working of (i) astable multivibrator (ii) monostable multivibrator
(iii) bistable multivibrator.
7. What is the basic difference among the three types of multivibrators ?

8. Show that the output from a differentiating circuit is derivative of the input. What assumptions are

made in the derivation ?

9. Sketch the output waveforms from a differentiating circuit when input is (i) a square wave (ii) saw-

tooth wave.
10.
11.

12.
clamper (ii) negative clamper.

Show that the output from an integrating circuit is the integral of the input.
What is a clipper ? Describe (i) positive clipper (ii) biased clipper and (iii) combination clipper.
What do you understand by a clamping circuit ? With neat diagrams explain the action of a (i) positive
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Problems

1. The negative shunt clipper shown in Fig. 18.66 has peak input voltage of +15 V. What is the output

peak voltage ?

R
WW

100 Q

Fig. 18.66

2. In the negative series clipper shown in Fig. 18.67, what is the peak output voltage ?

[12.54 V]
in
] o
G +10V 7 Vin Vour
=
>t

I ol \/ Ry
e — 10V [rroeemened

Fig. 18.67

[9.3V]

3. In the circuit shown in Fig. 18.68, what are the minimum and peak values of the clamped output ?

[0V ;-20V]
V.
Azn c
+10V *o—| o
0 >l Vin RL Vaul
-10V e o
Fig. 18.68
Ain C
+o T o +
+20 V|
o\ Vi Ry Vou
0T B V2 PR 10V
20V e T o
Fig. 18.69
4. Sketch the wave shape of clamped output in Fig. 18.69.
5. Determine the output waveform for the clipper network shown in Fig. 18.70.
Vin
A
V=5V
1l |
20V —=» °
. v R v
O l" T >t mn out
2 10V B B
(o

Fig. 18.70
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16V

0 \/ .
—16V promeemeeeees?

Fig. 18.71

6. Determine the output waveform for the clipper network shown in Fig. 18.71.

“iin
C
20V o .
+ I\ +
0 t t Vm R VOMI
20V ° o

Fig. 18.72

7. Determine the output waveform for the clamper network shown in Fig. 18.72.

Discussion Questions
1. What is the effect of RC product on the output waveform in a differentiating circuit ?

A differentiating circuit is essentially an RC circuit. Why the output from RC coupling is not a
differentiated wave ?

What is the difference between a switching transistor and an ordinary transistor ?

N

What effect does a clamper have on the average value of a given input wave ?
What effect does a clamper have on the r.m.s. voltage of a sine-wave input ?
What determines the d.c. reference voltage of a clamper ?

Discuss the differences between shunt and series clippers.

No g~



Administrator
Stamp


	18.Solid-StateSwitching Circuits
	INTRODUCTION
	18.1 Switching Circuit
	18.2 Switch
	18.3 Mechanical Switch
	Fig. 18.1
	Limitation

	18.4 Electro-mechanical Switch or Relay
	Fig. 18.2
	Advantages.

	18.5 Electronic Switches
	Fig. 18.3
	Fig. 18.4
	Conclusion
	Fig. 18.5


	Fig. 18.6
	18.6 Advantages of Electronic Switches
	18.7. Important Terms
	(i) Collector leakage current.
	(ii) Saturation collector current.
	Fig. 18.7


	18.8 Switching Transistors
	18.9 Switching Action of a Transistor
	Fig. 18.8
	(i) OFF region.
	(ii) ON or saturation region.
	(iii) Active region.
	Conclusions

	Fig. 18.9
	18.10 Multivibrators
	Fig. 18.10
	Fig. 18.11

	18.11 Types of Multivibrators
	Fig. 18.12

	18.12 Transistor Astable Multivibrator
	Circuit details.
	Operation.
	Fig. 18.13
	Fig. 18.14
	Fig. 18.15


	18.13 Transistor Monostable Multivibrator
	Circuit details.
	Fig. 18.16

	Operation

	18.14 Transistor Bistable Multivibrator
	Circuit details.
	Fig. 18.17

	Operation.

	18.15 Differentiating Circuit
	Fig. 18.18
	Output waveforms.
	(i) When input is a square wave.
	Fig. 18.19

	(ii) When input is a triangular wave.
	Fig. 18.20

	(iii) When input is a sine wave.


	Fig. 18.21
	Fig. 18.22
	18.16 Integrating Circuit
	Fig. 18.23
	Output waveforms.
	(i) When input is a square wave
	Fig. 18.24

	(ii) When input is rectangular wave


	18.17 Important Applications of Diodes
	18.18 Clipping Circuits
	(i) Positive clipper
	Fig. 18.25

	(ii) Biased clipper
	Fig. 18.26

	(iii) Combination clipper
	Fig. 18.27


	Fig. 18.28
	Fig. 18.29
	Fig. 18.30
	Fig. 18.31
	Fig. 18.32
	Fig. 18.33
	Fig. 18.34
	Fig. 18.35
	Fig. 18.36
	Fig. 18.37
	Fig. 18.38
	Fig. 18.39
	Fig. 18.40
	Fig. 18.41
	Fig. 18.42
	Fig. 18.43
	18.19 Applications of Clippers
	(i) Changing the shape of waveform
	(ii) Circuit Transient protection
	Fig. 18.44


	18.20 Clamping Circuits
	Fig. 18.45

	18.21 Basic Idea of a Clamper
	Fig. 18.46

	18.22 Positive Clamper
	Fig. 18.47
	Operation
	Fig. 18.48
	Fig. 18.49


	18.23 Negative Clamper
	Fig. 18.50
	Fig. 18.51
	Fig. 18.52
	Fig. 18.53
	Fig. 18.54

	Fig. 18.55
	Fig. 18.56
	Fig. 18.57
	Fig. 18.58
	Fig. 18.59
	Fig. 18.60
	Fig. 18.61
	Fig. 18.62
	Fig. 18.63
	Fig. 18.64
	Fig. 18.65
	MULTIPLE-CHOICE QUESTIONS
	Answers to Multiple-Choice Questions
	Chapter Review Topics
	Problems
	Fig. 18.66
	Fig. 18.67
	Fig. 18.68
	Fig. 18.69
	Fig. 18.70
	Fig. 18.71
	Fig. 18.72

	Discussion Questions


