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Abstract

The diode is the most basic electronic component that can be built using a semiconductor, and it forms
the backbone of all modern electronic devices. As is generally known, the diode may be used for a
multitude of applications in almost any electronic device. As a result, it is fundamental for every
engineering student to be able to draw electronic circuits and evaluate their output, particularly for
circuits with semiconductor diodes. We picked the clipper circuit for this tutorial since it is one of the
most prevalent applications for semiconductor diodes. We then sketched the output waveform using a
unique way that we developed without ever solving the circuit. The Kirchhoff's Voltage Law (KVL) and
subsequently the LTspice circuit simulation are used to evaluate the approach created to get and draw
the waveform of the clipper circuit. The methodology is validated using both of these approaches. We
were able to accomplish the same findings utilizing the KVL technique and the LTspice simulation
method since the methodology was so precise. This technique will benefit a large number of students
and learners by allowing them to determine the output of any clipper circuit without having to solve it,
saving them time and effort.
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1. Introduction

Automation is a vital and primary necessity for
practically all urban industrial networks in this
day and age; one of the greatest examples is
Industry 4.0[1-3]. The Internet of Things (IoT) is
rapidly becoming an essential component of
many types of automation, including automated
transportation, smart homes, automated
factories, and so on[4-6]. All of this automation
originates from the most fundamental and
significant components, which are referred to as
semiconductor devices[7-9]. We are able to
claim that the discovery of the semiconductor
was the progression that took place in the
electronic sector that made it feasible for us to
have automation and the internet of things
today[10, 11]. Therefore, it is essential for every
student of engineering to have a fundamental
understanding of the notion of semiconductors
and the applications for them. A diode, which is
essentially a component of each and every
electronic circuit, is one of the semiconductor

devices that is both the most fundamental and
the most frequent[8, 12, 13]. In the first part of
this article, we are going to investigate one of the
most typical and well-known applications of
semiconductor diodes, which is called a diode
clipper.

The fundamental clipper circuit consists of a
semiconductor diode, which is a wave shaper
circuit [14]. This circuit is used to offer a shape
to an alternating current waveform based on the
requirements of the application. A clipper is an
electronic device that may "clip off" or remove
or cut or shape up the portion of the waveform
without affecting the remaining section of the AC
signal. Other synonyms for this action include
removing or cutting. Therefore, the clipper
circuit may provide the input waveform that it is
given a shape such as triangular, trapezoidal, or
any other shape that is necessary depending on
what kind of shape is needed. The clipper circuit
typically has a resistive load, a semiconductor
diode, and an AC or DC input source. In many
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instances, it also includes a DC power
supply[15]. The clipper is used to remove a
certain portion of the waveform. This portion,
which might be the upper portion or the lower
portion of the waveform, is removed depending
on the diode and the direction of the DC supply
in the circuit.

Depending upon the DC power supply to the
clipper circuit it may be divided into two parts:

e Unbiased clipper
e Biased clipper

The unbiased clipper is a type of clipper that
does not use any external DC supply in the
circuit. As a result, it only uses an input AC
supply, a semiconductor Diode, and a resistive
load. In this circumstance, only one complete
half cycle of the wave form is removed; the type
of cycle that is removed is determined by the
diction of the diode[16].

The biased clipper is a kind of clipper that, in
addition to the other components, requires an
external DC supply in the form of a battery. In
this particular kind of clipper circuit, just a
certain portion of the waveform is chopped off,
and this is dependent not only on the DC supply
but also on the orientation of the diode. Because
it is possible to provide the necessary shape to
the input waveform, this sort of circuit is
preferred over the biased clipper in the majority
of applications[17]. As a result, these types of
circuits are utilized in the majority of
applications.

Additional, depending upon the use of the diode
in the circuit it is further divided into two parts:

e  Series clipper
e  Shunt clipper

Clipper circuits may be broken down into two
categories: series clippers and parallel clippers.
A series clipper is a clipper circuit in which the
diode is connected in series with the load
regardless of the direction of the diode or the DC
supply. Similar to the series clipper, the shunt
clipper uses a semiconductor diode that is
connected in series or parallel with the load, but
the DC supply may or might not be used.

Furthermore if we consider the output wave
form the clipper circuit may be divided into
additional two types:

e Positive clipper
e Negative clipper

The term "positive clipper" refers to a situation
in which the output waveform of the waveform
is acquired in such a manner that the upper
portion (positive) of the applied input waveform
is eliminated or attenuated[18]. This may
happen if the waveform is obtained in one of
many ways. A similar phenomenon is referred to
as negative clipping and occurs when the bottom
section of the waveform is reduced in volume or
eliminated on the output side. Although the
orientation and location of the diode are both
subject to change in either scenario, the output
is mostly determined by the external DC supply.
The clipper and its full categorization are
dependent on the direct current power source,
the location of the diode, and the clipping of the
output waveform, which is seen in figure 1.

Fig.1: Classification of diode clippers based on DC supply, diode positions, and Output waveform.
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Hence the diode is mainly classified into three
main types, Series, shunt and combination
clipper where combinational clipper has more
than one diode. So the total types of clipper
circuit are given below:

Unbiased series positive clipper
Unbiased series negative clipper
Unbiased shunt positive clipper
Unbiased shunt negative clipper
Biased series positive clipper
Biased series negative clipper
Biased shunt positive clipper

Biased shunt negative clipper

© 0 N o 1 WD

Combinational Clipper

Given Diode Clipper Circuit

The new method that has been developed for
this research has been created to acquire the
output of any different kinds of clippers, and it
will also be able to draw the waveform of the
output. After that, the suggested algorithm is
checked using the tried-and-true approach KVL
in addition to the circuit modeling program
LTspice.

2. Proposed Methodology

Figure 2 depicts the flow chart of the suggested
approach for determining the output of the
clipper circuit without actually having to solve
the provided circuit. This method can find the
output of the clipper circuit [19].
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Fig. 2: The flow chart of the proposed method to determine and draw the output waveform of the
clipper circuit.

eISSN 1303-5150

www.neuroquantology.com

1942


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 1940-1949 | doi: 10.14704/nq.2022.20.7.NQ33243
Pranjal Raikwar/A unique approach to determine the output waveform of the clipper circuit and verification using KVL and LTspice

The steps applied for the proposed technique
are explained in details from beginning to the
end with solved example.

1. To begin use the clipper circuit that is
provided.

2. Check whether the external DC supply
(battery) is applied or not. If no DC supply,
then the clipper is unbiased; otherwise the
clipper is biased.

3.  Now we will look at the polarity of external
DC supply (battery) .We will examine it
from the bottom to the top, and if the
positive sign is at top then battery is
positive; otherwise, it's negative, as
indicated in the figure 3.

.9 V1 V2|£I
T, =

Fig. 3: Battery polarity and voltage calculation

4. The next step is to observe the direction of
the diode connected from the upper Node,
as shown in figure 4.

Negative Node Node Positiv ’
' + ositive (upper)
(lower) portlon\ L | ~ portion will be
will be removed removed
+
Fig. 4: Diode direction observation from the
upper node.

5. If the positive or anode of the diode is
connected with the upper node then the
upper portion will be clipped. Positive half
cycle will be removed in case of unbiased
clipper and upper portion from the DC line
will be removed in case of biased clipper.

6. Otherwise (if negative or cathode of the
diode is connected with upper node) lower
portion is removed. Negative half cycle will
be removed in case of unbiased clipper and
below portion from the DC line will be
removed in case of biased clipper.

7. Another check point is the position of the
DC power supply (battery). Check if the
battery is connected in series with the input
supply then after the step 6 or 7, the
waveform will be shifted to the zero axes.

10.

11.

12.

14.

15.

17.

As we know that peak value of output
waveform changes only when diode and
battery connected in series otherwise it will
same as theinput waveform.

The starting point is the output of the
positive half cycle peak values and end point
is the output of negative half cycle peak
values.

We used the traditional Kirchhoff’s voltage
law (KVL) method to validate the accuracy
of this proposed method.

Also the proposed approach is verified
using LTspice simulation method.

The direct approach is used to solve the
circuit immediately without drawing any
output waveform.

When compared to any other method, the
direct method is 100% accurate.

Additional steps can be applied as to
determine whether the diode is an ideal or
practical diode. If it is ideal then no external
voltage is added or subtracted.

When the practical diode is used, we can see
that the Silicon diode has a knee voltage of
0.7 and the Germanium diode has a knee
voltage of 0.3.

If the polarity of the battery and the diode
are the same, add 0.7 for silicon diode and
0.3for germanium diode; otherwise,
subtractthese values.

Ge
Si
D

Vi V2

5 5

Fig. 5: Practical diode with series DC power

supply (Battery)

The battery and diode in figure 5 (left) have
same direction from the bottom to top,
hence the equivalent voltage will 5+0.7=5.7
volt,, similarly in figure 5 (right) the battery
polarity(V2) is positive to negative and the
polarity of Ge diode is negative to positive
(bottom to up), as a result the equivalent
voltages is -5+0.3=-4.3 volt.
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3. Result and Analysis
3.1 Unbiased Clipper

The suggested approach is used to analyze the
unbiased diode clipper circuit depicted in Figure
6. It is evident from the figure that there is no
battery attached while utilizing the proposed
technique, hence it is an unbiased clipper. The
diode applied is ideal because it is not
mentioned any label (Si or Ge). Since, the

Node
+ - ,
e
. $
Vin ? Vo

l -10

Input Waveform

cathode (negative terminal) of the diode is
connected to the node; the lower portion of the
waveform will be clipped from the 0 line (zero
axis) (negative half cycle). The input waveform
has a peak-to-peak value of 20 Volt (from +Vin
to -Vin). As a result, the output waveform will
preserve half of the peak-to-peak ratio and will
begin at 0 and end at 10 V, as shown in the figure
6.

Output Waveform

TI2 T 0
\/ I T2 T

-10

Fig. 6: Unbiased Clipper with Input and corresponding output waveform using proposed method

3.2 Biased Clipper

In this case, since the DC Power supply (battery)
is connected in the circuit, it is the case of a
biased clipper circuit, as shown in the diagram
(figure 7). The polarity of the battery is from
negative to positive from anti-clock wise (or
bottom to up), hence positive DC supply is
connected (+5). The diode applied is ideal in
nature; hence no addition or subtraction of
battery potential is needed. The input waveform

ranges from +10 to -10 volts, the peak- to-peak
value is 20 volts (10-(-10) =20). The negative
terminal of the diode is linked to the node; as a
result, the lower portion from the battery (+5
volt) will be clipped, Below +5v, the area will be
clipped. Also, since the battery is in series with
the input supply then the waveform will be
shifted to the zero axis, hence it will vary from
zero to +5 volt.

SV Node
+ -
':| I—_H_d 3+ Input Waveform  o,¢put waveform
. 1: 10 51
Vin :‘b Vo 5 FA-—-------- o /\
0 > T2
TIZ\/ T
v + =10

Fig. 7:

Biased clipper with input and corresponding output waveform using proposed method.

3.3 Verification using KVL

In this step, we will verify the proposed
techniques using conventional Kirchhoff's
voltage law which will give the output voltage
for the given circuit, and based on that we can
draw the output waveform and finally can be
compared with the proposed approach for
accuracy checking.

3.4 Verification of unbiased clipper using
KVL

Since the alternating cycle (AC) is applied as an
input and diode becomes ON and OFF based on
positive and negative supply, we will apply KVL
in two steps, first for positive half cycle and 2nd
for negative half cycle. Figure 8 shows the
equivalent circuit diagram of both half cycles of
the unbiased clipper from figure 6.
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Fig. 8: Positive half cycle (left) and negative half cycle equivalent circuit of the figure 7 (unbiased
clipper)

For positive cycle (Vin > 0V), Diode will be in
Forward biased (ON) and it will act as a short
circuit, apply KVL in the inner loop, we get from
figure 8(Left).

Vin-Vo=0

Vout = Vin
Similary, for negative cycle (Vin < 0V), Diode will
be in Reversed biased (OFF), and it will act as

Input Waveform

r'y

10

open circuit, apply KVL in the circuit shown in
figure 8 (right), we get:

Vout=0

Vout=0

Figure 9 is a drawing of the input waveform that
was applied to the unbiased clipper as well as
the output waveform that was obtained via the
use of KVL.

Output Waveform

1945

R

2

0
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-10

A

0

T/2
-10

Fig. 9: Input and Output waveform of the unbiased clipper using KVL method

3.5 Verification of biased clipper using KVL

Since the given circuit is biased clipper, and the
input applied is AC then based on the battery
polarity there will be two cases for applying KVL

5V
L+ -

ﬂl- Jl+

T ON

Vin

A
W

l

<
=
s
W WY

in the circuit. Applied battery is of +5 volt, hence
cases will be for greater than +5 volt and less
than +5 volt.

5v
s 3+
+l-"oFF

vy

r h 4

Fig. 10: Equivalent circuits of the biased clipper given in figure 7

For Vin >= +5V, the diode (D) will be in forward
bias (ON), and it will behave as a short circuit,
apply KVL in inner loop of the given figure
9(left), we get:

Vin - 5 - Vo = 0

V():Vin_sz 10_5

Vo =+5V

For Vin < +5V, the diode (D) will be in reverse
bias (OFF), and it will behave as an open circuit,
apply KVL in inner loop of the given figure
9(right), we get:

Vo =0V
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Input Waveform

-10

Output Waveform

N\

T/2

Fig. 11: Input and Output waveform of the biased clipper using KVL method

Figure 11 shows a depiction of the input
waveform that was applied to the biased clipper
(shown in image 7) and the output waveform
that was obtained by making use of KVL. Both of
these waveforms are shown side-by-side in the
figure. It is clear from looking at the figure that
the output ranges from 0 volts to 5 volts, and the
remaining part of the waveform has been
eliminated.

3.6 Verification of unbiased clipper using

D1
>t
Vi
+ D R1
— 1k

SINE(O 10 50)

>

LTspice simulation

LTSpice is circuit simulation software developed
for simulation of any types of electronic circuits
and compatible for both windows as well as Mac.
We have designed an unbiased clipper circuit
providing sinusoidal supply of 10 Volt amplitude
and 50Hz frequency, with 1 kilo ohm load
resistance. After running the transient analysis
simulation we obtained the output waveform
where negative half cycle is clipped.

Vit

1 I 1 1 I 1 1 1 1
Ins i s i s I M lm Bk Iw

Fig. 12: Unbiased Clipper circuit and corresponding output waveform using LTspice simulation

3.7 Verification of biased clipper using
LTspice simulation

We have designed a biased clipper on LTspice
circuit providing sinusoidal supply of 10 Volt
amplitude and 50Hz frequency, with 1 kilo ohm
load resistance along with +5 volt Dc supply to
the circuit diagram. After running the transient

V1

SINE(O 10.6 50)

Ideal Diode

analysis simulation we obtained the output
waveform where the waveform is varying from
zero axes to 5 volt approximately. The circuit
diagram of biased clipper circuit (top) and
corresponding output waveform (bottom) is
presented in figure 13.

L

eISSN 1303-5150

&

www.neuroquantology.com

1946


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 1940-1949 | doi: 10.14704/nq.2022.20.7.NQ33243
Pranjal Raikwar/A unique approach to determine the output waveform of the clipper circuit and verification using KVL and LTspice

i 5
5.0 V(003

4.0V

3.0V

2.0V

1.0V

0.0V n n n n n L] L] L] L]
Oms 2ms 4ms 6ms Sms 10ms 12ms 14ms 16ms 18ms 20ms

Fig. 13: Biased Clipper circuit (top) and corresponding output waveform (Bottom) using LTspice
simulation

Table-1: Comparison between direct method, KVL, and LTspice of biased clipper with ideal diode

Values/Methods Direct Method KVL Method LT spice
Input Positive Peak(Volt) +10 +10 +10
Input Positive Peak ((Volt) -10 -10 -10
Input Origin point (Volt) 0 0 0
Input peak to peak Voltage (Volt) 20 20 20
Output Positive Peak (Volt) +5 +5 5
Output Negative Peak (Volt) 0
Output Origin (Volt) 0 0 0
Output peak to peak voltage (Volt) 5
Jutput peak to peak voltage (Volt)
Output Origin (Volt)
Output Negative Peak (Volt)
Output Positive Peak (Volt) L Tspice

m KVL Method
m Direct Method

Input peak to peak Voltage (Volt)
Input Origin point (Volt)
Input Positi

Input Positive Peak(Volt)

-15 -10 -5 0 5 10 15 20 25

Fig. 14: The bar chart of biased clipper using proposed, KVL, and LTspice technique

Table 1 presents the results of a comparison
between the proposed method and the KVL and
LTspice simulation methods for biased clippers
with ideal diodes. After putting all of these
techniques into practice, we made sure to take
into account the input features of the waveform
as well as the output details of the biased
clipper. It has been shown that the value from
peak to peak for the input and output are same.
It has also been found that the proposed method,
KVL, and LTspice all provide identical results

when computing both the positive and negative
peak values. It is apparent to see that the output
achieved by applying the proposed method, as
well as the other two techniques, is precisely the
same in terms of the positive peak, the negative
peak, the origin, and the peak-to-peak value. The
bar chart showing comparative analysis of
biased clipper using proposed, KVL, and LT spice
technique has been presented in figure 14.
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4. Conclusion

In this manuscript, we have introduced a novel
method for calculating the output of any kind of
diode clipper circuit without exactly solving the
circuit diagram. This method enables us to
determine the output of any kind of diode
clipper circuit. Additionally, by using the
proposed method, we are able to quickly and
accurately sketch the waveform of the clipper
circuits' output waveform. As part of our efforts
to illustrate the efficacy of the method that has
been proposed, we have examined both
unbiased and biased clipper circuits. In the first
stage, we set the approach that was
recommended to use in order to acquire the
output of the clipper circuits. After that, we
plotted the output waveform in order to get a
better visual. We have considered the
conventional KVL approach and made use of the
LTspice simulation tool in order to verify the
method that has been implemented and
presented. In comparison to the traditional KVL
approach and the simulation-based LTspice
method, we found that the proposed method is
not only fast but also adaptive and accurate to a
precept level of one hundred percent. According
to this study, the technique for estimating the
output voltage of a clipper circuit is cutting edge,
one of a kind, and entirely reliable..
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