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1: Introduction

In this assignment tasks will be carried out based around filters. Filters are circuits that allow
electric signals to pass when it’s at a certain frequency but then stops it if it doesn’t. For
example, a High pass filter will allow a signal with a high frequency to pass through,
however if it had a low frequency then it would stop the signal being passed through. The
cut-off frequency that decides this is determined during the design phase by the engineer,
for example if the cut off frequency was set at 140KHz then only a signal with a frequency
equal to or greater than will allow it to pass through, anything less wouldn’t be allowed to.
However, when doing this there is always some error in the physical circuit this could be due
to a number of reasons such as ripple, passband flatness or other factors, which will be
talked about in more detail during the research.

Research will be carried out into active filters. This will include Bessel, Tschebyscheff and
Butterworth which are the main three types of active filters. During this the filters will be
compared to each other based on their performance in a circuit and the advantages and
disadvantages of using them. An explanation of how they are used in control processes will
also be given.

The rest of the assignment will include the designing of circuits using the three main filters
and the calculations that are required to design a circuit. The circuits that were created
using the multisim software will then be tested to ensure that they are functioning as
intended. And a conclusion of the results will be carried out.
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2: Research

During this task the research on the three main types of active filter Bessel, Tschebyscheff and
Butterworth will be carried out. This will include the advantages and disadvantages of each
one.

Bessel:

Of the three main filters Bessel has a good all-round performance. However, this filter is
often used in a circuit that requires the filter to have very little ripple, of the three Bessel
has the smoothest transition between the accepted frequency and the cut-off frequency,
this doesn’t come at the cost of losing the gradient of which the magnitude decreases once
the frequency has reached the cut-off frequency. This ensures that the smallest amount of
information is passed through after the cut-off. This filter is also the most stable when
compared to phase response however it is the slowest at the cost of having no spike. The
disadvantage of using Bessel is that when using a step response there is a slight overshoot.
As the order number of the filter increases so does the gradient of the stopband.

Tschebyscheff:

The second type of filter is Tschebyscheff which unlike the Bessel normally has a faster gain roll off
after the cut-off frequency however to achieve this as the frequency reaches the cut-off point ripples
start to develop, as the filer order is increased while the roll off increases so does the ripple effect. In
a circuit where a fast roll off is desired over a smooth passband Tschebyscheff would be the ideal
choice. When measured in a phase response the Tschebyscheff has the fastest roll off however it has
a very high peak at it transitions between the passband and the stopband.

Butterworth:

The final type of filter that will be researched is the Butterworth. similar to the Bessel the
Butterworth is good all round and has a near perfect passhand flatness, and unlike the Bessel
doesn’t start to roll off before the stopband as much resulting in more accurate information to be
allowed to pass through. Compared to the other to during a phase response the Butterworth has the
second fastest roll off, however it has a slight spike during the cut-off area however, this is not as
drastic as the Tschebyscheff.
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An example of one of these circuits being used in a circuit is in a data converter using a
Butterworth filter. This ensures that precise signals are used in the circuit. An example of a
data converter is an analogue feedback from a level sensor to a computer to monitor and
control the level of a tank. As most computers only allow a digital input and output, due to
the design the analogue input must be converted into a digital signal. This is where the
advantage of using a Butterworth filter is noticed. Because it so accurate there will be very
little difference to the analogue signal and the digital due to the filter. However, if a
Tschebyscheff filter was used there would be slight differences due to the ripple effect on
the passband that is created. While this would only be a problem if the system required
delicate control, it would make it more difficult to control and record accurate information
which is often required.

Another example of using one of these filters in an audio system in a car. As most speakers
can’t utilize all frequencies for use in a car sound system a Bessel filter can be used to split
the audio signals, depending on the complexity multiple filters can be used. This will allow
the different frequencies to be passed to the relevant speakers to enhance the sound, or to
be combined later on. Once split the signals can’t overlap. The benefit of using this is it
removes any possible distortion that could come through the speakers.
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3: Design method

For the design process, the cut-off frequency that will be used is 130KHz. The first circuit
that will be designed using the mutism software is a 5*" order low pass Bessel filter.

When designing a 5" order low pass filters a 1% order and two 2™ order filters are
connected together as can be seen in figure 1. The difference between the 1°* order and the
2" order filters is the 2" order requires an extra capacitor and an extra resister as we are
using a sallen-key topology the values for ‘a’ and ‘b’ can be found using the values for the
coefficients.

For the first order circuit, we assign a value to the capacitor and with the value we were
given for the frequency we can find the value for the resistor using the following equation:

R1=al/2nfCl = 4KQ
If C1 = 200pF

The 2" order parts of the circuit require additional equations as shown below for the
second stage of the circuit:

C2 2C1x4b2/a2”2 = 289Pf
R1=a2xC2 — va2"2xC2/2-4b2xC1xC2/4nfcxC1xC2 R1 = 4.7KQ
R2 = alxC2 + Valr2xC2/2-4b1xC1xC2/4nfcxC1xC2 R2 = 2.28KQ

For the final stage of the circuit the same equations will be used as the second however with
different coefficients giving the following results:

C1 =80pF C2 = 300pF R1 = 6.29KQ R2 = 3.22K0

Using these equations, we can create the circuit in Figure 1 using the multisim software.

_____  PBessel
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Figure 1: 5™ Order Bessel Low Pass
Filter Circuit
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For the other 2 5! order filters the same equations are used however with different
coefficients.

For the Tschebyscheff the results from the calculations are shown below. And the
completed circuit can be seen in Figure 2.

Stage 1:

C1=1.2Nf R1 = 5.8KQ

Stage 2:

C1 =90pF C2 = 2nF R1 = 7.4KQ R2 = 3KQ
Stage 3:

C1=18pF C2 =9nF R1 = 6.4KQ R2 = 1.5KQ

Tschebyescheff
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Figure 2: 5" Order Tschebyscheff
Low Pass Filter Circuit

For the final 5" order low pass filter the Butterworth again the same equations with

u3
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different coefficients are used, the results for the equations are show below as well as the

finished circuit Figure 3.

Stage 1:

C1=200pF R1 =6KQ

Stage 2:

C1=200pF C2 = 500pF R1 = 8KQ R2 = 1.8KQ
Stage 3:

C1 =60pF C2 = 700pF R1 = 4.3KQ R2 = 8.3KOQ

Butterworth
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Figure 3: 5" Order
Butterworth Low
Pass Filter Circuit
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In addition to the low pass filters 3 high pass filters have also been designed and created
using the multisim software. This includes a 3" order, 6™ order and a 9" order high pass
filter.

Similar to the low pass filters the high pass filters are created using stages with different
orders. The first circuit is a 3" order high pass filter which has a 15t order and 2" order filter
combined like before the value for C1 will be chosen to carry out the calculations.

Stage 1:
With C=200pF R1=1/2nfcxClxal = 6KQ

Stage 2:
With C=500pF R1=1/nfcxCa2 =4.9KQ R2=a2/4nfcxCh2 =1.2KQ

Below is the finished circuit created using these values Figure 4.

Butterworth
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Figure 4: 3 Order Butterworth High
Pass Filter Circuit

The second high pass filter will be a 6! order filter which will have 3 stages of 2" order
filters combined together Figure 5, the equations required will be the same as before
however for each stage the coefficients will change for both ‘a’ and ‘b’.

Stage 1:
With C=250pF R1=5KQ R2=4.7KQ

Stage 2:
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With C=300pF R1=5.7kQ R2=2.8kQ
Stage 3:
With C=500pF R1=9.5kQ R2=6300Q

- Butterworth
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Figure 5: 6" Order Butterworth High
Pass Filter Circuit
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The final circuit will be the 9 order filter which will have one 1° order circuit and four 2™
order circuits combined together Figure 6. As before the equations are the same however
the coefficients for each equation are different the results of the equations are shown

below.

Stage 1:

With C=250pF R1=4.9KQ

Stage 2:

With C=300pF R1=4.3kQ R2=3.8kQ
Stage 3:

With C=500pF R1=3.2KQ R2=1.9KQ
Stage 4:

With C=300pF R1=8.2kQ R2=2kQ
Stage 5:

With C=400pF R1=17.6kQ R2=530Q
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Butterworth
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Figure 6: 9" Order Butterworth High

Pass Filter Circuit

17.6REPAMP_ 3T VIRTUAL

10




Mzgnituda

Aled Edgell 07/01/2018

4: Testing and Evaluation

To test all the circuits the multisim software will be used with an AC sweep and probes
linked to each stage of the filters on the high pass filters. During the testing for the 5" order
low pass filters | will be comparing the differences between the 3 types which were used.
The Bessel, Butterworth and Tschebyscheff.

The first circuit to be tested is the 5™ order Low pass filter using Bessel (figure 1), The test
will be a success if the curser on the AC sweep is measuring -3dB when it is placed on
130KHz. The results of the test can be seen below Figure 7.

AC Sweep =
5050
0800
3750
N o Vi n
T ?‘.:;’
<3000
o 00 (] {3 Ih e
Fraquency (Hz)
Cursor n
v(7) ) n
SR Figure 7: 5" Order Bessel Low Pass
Filter Circuit Test Results
xl 130.0000K
vl -2.9986
x2 1.0000
¥2 -130.82901
dx —-129.59990k
dy 2.9985
dy/dx -23.0654p
1/dx =7.65924p
As can be seen from the results above the circuit is functioning as intended with the cut-off
frequency reading almost exactly -3dB.
The second test will be carried out on the Tschebyscheff 51" order circuit (Figure 2). Again,
using the same testing method Figure 8.
= AL Sweap -
Dae
E
- Cumer
«
-
" e
{2
; ; % e = -

11
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Cursor H
v(T)
V(PR1l) :

Figure 8: 5" Order Tschebyscheff Low
x1 130.0000k Pass Filter Circuit Test Results
vl -3.9444
xZ 1.0000
v2 =130.9381p
dx -129.9990k
dy 3.%442
dy/dx -30.3406n
1/dx -7.6924n

Unlike the first test the results from this circuit show that the circuit is reaching almost -4dB
at the cut-off frequency. This could either be due to the ripple effect that the Tschebyscheff

has.

The final 5t order circuit is the Butterworth (Figure 3) which again will have the aimed result
of -3Db when it reaches its cut-off point Figure 9.

AC Swaap -

CRQANNER

0 00 13 TN 100 M
Frequency (Hz)
V(1ll)
V (PR1) Figure 9: 5" Order Butterworth Low
Pass Filter Circuit Test Results
%1 130.0000k
vl -3.1333
x2 1.0000
y2 -131.0119p
dx ~129,9990k
dy 3.1331
dy/dx =24.1011p
1/dx -7.6824n

With the final 5*" order circuit the results are close to the predicted outcome with a slight
difference between them, however as said during the research we can see that the 3 circuits
functioned as expected with Bessel being the smoothest however also the slowest roll-off,
Tschebyscheff having the fastest roll-off however, it had a ripple near the end of the
passband, and the Butterworth was in the middle with a fairly straight passband and decent

roll-off.

12
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The next tests that will be carried out are on the 3™ 6" and 9" order Butterworth High pass
filters. Similar to the other tests the expected outcome is at the cut-off frequency the circuit
should be at -3dB. However, included in these tests are multiple probes showing the
difference of each circuit at every stage, demonstrating the difference of having a higher

order filter.

The first one to be tested is the 3" order High pass filter Figure 4. The results of the AC
Sweep can be seen below Figure 10.

AC Sweep

Froquency (Hz)

Cursor n
vi(z) Vi(s)
V({PR1}) WV (PR2) Figure 10: 3" Order Butterworth ngh
Pass Filter Circuit Test Results
x1 130.0000k 130.0000k
¥l -3.111% -3.2160
x2 1.0000 1.0000
vZ -102.4528 =-307.1792
dx =129.9990k =129.9990k
dy -89.3408 =-303.9632
dy/dx T64.166Tn 2.3382m
1/dx -7.6924n -7.6924n

As can be seen form the results again the tests show that the circuit is almost at its ideal
outcome, however while the red line which is the first stage has a less roll off than the
second stage which is green it is closer to the calculated value. The reason for this is as the
roll-off after the stopband increases it will become slightly less accurate as the order
increases.

The second test of the high pass filters will be the 6" order (Figure 5) which has 3 second
order filters connected together, again running the same test with 3 probes. The results can
be seen below, Figure 11.

AC Sweep

Frequency (Hz)

13
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Cursor n

ViZ) V(&) vis)

V(PR1) V(PR2) V(PR3)
xl 130 .OUCjOk 130.0000k 130.0000k Figure 11: 6" Order Butterworth ngh
vl -3.0696 -3.0470 -3.6331 . ) .
®2 1.0000 1.0000 1.0000 Pass Filter Circuit Test Results
v2 -204.7339 -409.6612 -614.2338
dx -129.9990k -129.9990k -129,9990k
dy -198.8642 -400.6141 -610.6007
dy/dx 1.5287m 3.0817m 4.6970m
1/dx -7.€6924n -7.6924pn -7.6924n

Again, as the order number increases so does the roll-off again the results from the multisim
test are slightly different than the calculated value, however this could be resolved by
altering the resisters and fine tuning the circuit.

The final circuit that will be tested is the 9" order Butterworth circuit (Figure 6) The results
are shown below with the 5 probes, Figure 12.

- AC Sweep &

am S ———

W - N

R, -

BT
§ 1w
\Fma

mz :

3

0w 3

19 X0 000 1000k 10800 $00.000% oM L F-2 1)
Frogquoncy (Hz)
Cursor u
v{z) ViE} V{g) V{12) v {18)
V{ERL) V(BRZ) V(PR3) V(ER4) V{(PR3) . th
Figure 12: 9" Order

xl 130.0000k 130.0000k 130.0000k 130.0000k H
vl -3.0215 -8.6193 -12.3612 -3.8893 BUtterworth ngh Pass
P2 shil 990 S-1990 et Filter Circuit Test Results
N2 -87.9553 -264.0414 —-439.3405 -615.8948 -791.8526€
dx =-129.9948k =129,9948k =129.9948k =129.9948k =129.9948k
dy -§4,9338 -255.4221 -427.4793 -603.4652 -787.9633
dy/d= 653.3633n 1.5645m 3.2884m 6.0615m
1/dx =T7.6826p =T.6826n -7.682ép -T.E826&p

As can be seen from the results the first and last stage are closer to the calculated value
than the other 3. This is likely due to the values of the capacitors. If the values were changed
a more efficient circuit could be created. However, as the final stage would be connected to
the output the circuit would function as intended if it was used.

14
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5: Conclusion

As described in the research section of the assignment each filter had its advantages and its
disadvantages, this was reflected in the tests carried out using the multisim AC sweep. While this
provided reliable data for the testing it doesn’t simulate the effects of having built the circuit
practically, for example it doesn’t take into account the volt drop across cables or other components
that aren’t specifically designed to do so, where as in a practical circuit there are a lot more issues
that could be made mare apparent when working with actual components. Given more resources a
circuit could be built to simulate each one, however it would be more time demanding and require a
large number of components for each different circuit being built.

However, the differences between the filters could be seen showing that each one must be chosen
carefully for each application as it would be inappropriate to use a Tschebyscheff for a circuit
requiring high accuracy. Additionally, the probes on each different stage showed the difference that
each one can make, however as could be seen while the input and the output were close to the
calculated value the circuits in the middle can be slightly out which will likely cause distortion to the
data being passed through.

The issues with the circuits that did show in the AC sweep could likely all be fixed by altering the
circuit in very slight ways, normally by changing the capacitor which will give different values for the
resisters, the difference between the different stages is normally due to the different values
between one stage and the other being to grate or too small.

15
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RESEARCH-INFORMED LITERATURE

(

y“ Your research and referencing for this task was not acceptable The
research was extremely short and there were no references

KNOWLEDGE AND UNDERSTANDING

(

y‘ The knowledge and understanding of the subject 1 2
demonstrated by this assignment was generally
acceptable. The circuits worked and the explanation
of how this was achieved had good detail. Your
research lacked depth and detail at times and didn’t
really extend your knowledge beyond that contained
in the course notes. Further work — Research
results need to be in much more detail and written in
a more logical and clearer way.

ANALYSIS

(

y“ Your analysis of the task was brief and lacked a lot 8
of the required detail. You have demonstrated

reasonable analytical skills and your approach to the
task was logical. You carried out a reasonable
evaluation of the results, but the conclusions were
very brief.

PRACTICAL APPLICATION AND DEP.

[

y‘ Your application of practical skills for this task were 1 6
generally OK, you used the resources appropriately
when carrying out the experiment and you used
appropriate options for testing and evaluating the
circuit performance - albeit to a limited fashion.



Testing generally lacked a lot of the required detail
however and you should have included a
comprehensive set of results for each stage.

SKILLS FOR PROFESSIONAL PRAC.

(

y“ In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was of an appropriate length, you
could however be more efficient with your word
count. The report was well presented, with good
diagrams in appropriate places, good
sentence/paragraph structure and clear calculations.
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