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1. Introduction, Aims and Objectives

The aims and objectives for this will be to look into the main types of filters that will include the
Bessel, Tschebyescheff and Butterworth.

Following carrying out research into each the next objective will be to design a low pass filter of each
of the main types of filter, which will require all calculations to be carried out correctly and meet the
target frequency set at the beginning which in this case is 110KHZ. After carrying out the calculations
each circuit will need to be created within mulisim and analysed to make sure it meets the target
frequency.

The next objective is to carry out all the calculations for three Butterworth high pass filters, which
will be 3" order, 6™ order and 9" order. This will require making decisions on the capacitance values
and carrying out calculations based upon that and the coefficients table. Once the calculations have
been carried out they will need to be built within multisim and analysed to see if they meet the
target frequency.

The final objective is to analyse the results from each circuit and their accuracy and to look at how
they meet the target frequency set and any possible improvements that could be made to the
circuit.




2. Research into Filter Design

The three main types of filters are Bessel, Butterworth and Tschebycheff | will carry out research into
each as part of this section.

According to (Bramble, 2017) a “Bessel filter gives a constant propagation delay across the input
frequency spectrum. Therefore applying a square wave (consisting of a fundamental and many
harmonics) to the input of a Bessel filter will yield a ‘square’ wave on the output with no overshoot (i.e.
all the frequencies will be delayed by the same amount). “. Due to this flat propagation a Bessel filter
is not likely to be used in radio frequency circuits but this does make it more well suited to audio
applications.

According to (Tutorials, 2017) “The frequency response of the Butterworth Filter approximation
function is also often referred to as “maximally flat” (no ripples) response because the pass band is
designed to have a frequency response which is as flat as mathematically possible from 0Hz (DC)
until the cut-off frequency at -3dB with no ripples.”. This means that this type of filter is most
commonly to be used in radio frequency applications and is well known as one of the better all-
round filters available.

According to (N/A, 2017) the basic characteristics for chebycheff are “Roll-off: One of the main
aspects of the Chebyshev filter is that it has a steep roll-off. It reaches its ultimate roll-off faster
than other forms of filter. Accordingly is widely used in RF applications where a steep transition
between pass-band and stop-band is required to remove unwanted products such as
intermodulation of harmonics. Ripple: Although the Chebyshev filter provides a steep roll-off, this
is at the cost of ripple. The in-band ripple of one type of Chebyshev filter prevents this format of
filter being used in some applications where a flat in-band response is needed. Cut-off frequency:
The common definition of the cut-off frequency of the point at which the response falls to -3 dB
does not hold for Chebysheuv filters in view of the way the filter rolls of faster than other types like
the Butterworth filter. “ This makes this type of filter most commonly used in RF applications.

The next thing that will be researched are two different types of control processes that filters are
used.




3. Design method, Choices and Calculations

3.1 Cut-Off Frequency
The cut off frequency | was given to achieve was 110k and this meant all of the circuits | design have
to be designed to achieve that frequency.

3.2 Bessel 5™ Order Low Pass Filter
In order to design a Bessel 5™ order low pass filter | was required to look at the Bessel Coefficients
table for a 5" order filter that gave me the following values to work with:-

Filters A(value) B(Value Frequency
1 0.6656 0 110k
2 1.1402 0.4128 110k
3 0.6216 0.3245 110k

Figure 1 - Bessel Coefficients Table

In figure 1 it displays the Bessel coefficients table that will be used to carry out the following
calculations for the 1% Filter as | first had to decide upon a reasonable capacitor value and the one |
decided upon was 210pF and this allowed me to calculate R1 as can be seen below:-

3.2.1 First Filter Design
C1=210pF F=110K A=0.6656 B=0

_al 0.6656
T 2nFC T (2)(m)(110,000)(21x10 — 11)

R1 = 4.58k0

Figure 2 - Calculations for 1st Bessel Filter

In figure 2 it shows the first calculation that | carried out for the 1% Bessel low pass filter and as | was
aiming for a resistance value of between 1k to 10k with the result being 4.58k this meant that | had
picked a reasonable capacitor value of 210pF. As can be seen in figure 2 | had substituted the values
of A and the frequency from figure 1 into the equation to achieve the resistance for R1.

3.2.2 Second Filter Design
C1=210pF F=110k A=1.4102 B=0.4128

Figure 3 - Filter 2 Bessel Values

Using the values found in figure 3 the first calculation | needed to carry out was the value of the
second capacitor as can be seen in figure 4.

c2>cCl (‘“’)—210 p (HO4128)) _ ) s67x10 — 10
az) = “ P\ T 1a022 ) T 40X

Figure 4 - 2nd Bessel Filter C2 Value

In figure 4 it shows the result of the calculation of C2 and this means that the value of C2 needs to be
greater than the value of 2.667e-10 so | decided to select a value of 196pF. Now that | have
calculated the value of C2 | can calculate the resistance of R1 and R2 the formulas that are used for
this on low pass filters can be seen in figure 5.




_(A)(€2) - y{Aa?)(ez?) - ) (B)(€1)(C2)
(BH(m)(F)(C1)(C2)

_@)e2) + yAaH)(ez?) - (B)(€1)(€2)
() (m)(F)(C1)(C2)

R1

R2

Figure 5 - Low Pass Filter R1 and R2 Equation

Using the equations in figure 5 the resistance values for a 2" order Bessel filter can be calculated by
substituting in the relevant values.

_ (1.1402)(196pF) — /((1.1402%)(196pF?) — (4)(0.4128)(210pF) (196pF)
- (4)(7)(110000) (210pF) (196pF)

= 3.24KQ

R1

= 6.47KQ)

 (1.1402)(196pF) + |/((1.12022)(196pF2) — (4)(0.4128)(210pF) (196pF)

- (4)()(110000) (210pF) (196pF)

Figure 6 - Bessel Filter 2nd Order Resistance Values

3.2.3 Third Filter Design
The first calculation that needs to be carried out for the third filter design for the Bessel circuit is to
calculate the value of C2 that can be seen below:-

C2>C1(ﬁ)—210FM = 7x10 — 10
az) =P\ Toez1e2 ) T F

Figure 7 - Bessel Third Order Filter Design

Based upon the calculation carried out in figure 7 it shows that the value for C2 needs to be greater
than the 7x10-10, which is why the value of c2 will be 800pF. Following this the values of R1 and R2
can be carried out and can be seen in figure 8.

_ (0.6216)(800pF) — /((0.62162)(B00pF?) — (4)(0.3245)(210pF)(800pF)

(4)(r)(110000) (210pF) (B00pF) = 1.41KQ

R1

_ (0.6216)(800pF) + /((0.62167)(800pFZ) — (4)(0.3245)(210pF) (800pF)

(4)()(110000)(210pF)(800pF) = 2.88K0

R2

Figure 8 - Bessel Third Filter Design Resistance

Now that | have calculated all the required values for the Bessel low pass filter can now be put into
my multisim simulation for the circuit that can be seen in figure 8 below:-




R1 ut
+ R2 00pF

A

uz

. B 3.24k0
vi T Z10pF OPAMP_3T VIRTUAL

1Vpk L
110kHZ
0

(OPAMP_3T_VIRTUAL

Figure 9 - Bessel Low Pass Filter Simulation

3.3 Butterworth Low Pass Filter
For all the calculations for the Butterworth low pass filter the coefficients table below was used for
each of the calculations.

5 1 1.0000 0.0000
2 1.6180 1.0000
3 0.6180 1.0000

3.3.1 First Filter

For the Butterworth low pass filter the first decision that needs to be made is to select a value for
C1, which in this case will be 620pF. This allows for the calculation for the First Filter R1 value to be
calculated.

al 1
= 2nFC ~ 2m(110000)(620x10 — 12)

R1 2.33kQ

Figure 10 - Butterworth Resistance Value First Filter

3.3.2 Second Filter
For the Butterworth Low Pass Filter second filter the same value will be used for the value of C1 and
this will allow for the value of C2 to be calculated.

4(1)

4b
c2>C1 (a—z) = 620pF (m

) = 9.473x10 — 10

Figure 11 - C2 Calculated Value

Using the calculation in figure 14 | now need to select a value of C2 that will be greater than that of
the value calculated in figure 14, which is why | have selected a value of 1nF. Following this | needed
to calculate the values of R1 and R2 that can be seen in figure 15.

_ (1.6180)(1nF) — /((1.61802)(1nF?) — (4)(1)(620pF)(1nF)

“ (4)()(110000) (620pF) (1nF) = 1.45KQ
5 o (1.6180)(1nF) +/((1.61802)(1nF2) — (4)(1)(620pF)(AnF) _ .00

(4)(m)(110000) (620pF) (1nF)

Figure 12 - Butterworth 2nd Filter Resistance Values




3.3.3 Third Filter

For the third filter | selected the same value for the first capacitor and then needed to calculate the
value of C2 be below:-

c2>Cl (‘“’) — 620pF (D
az) = *“"Pr 0.61802

) = 6.49x10 -9

Figure 13 - Butterworth Third Filter C2 Value

Now that the value of C2 has been calculated and must be above the calculated value which is why
the value that has been selected is 6.8nF which is above the value in figure 16. Now the values for R1
and R2 can be calculated as can be seen below:-

1= (0.6180)(6.8nF) — /((0.61802)(6.8nF?2) — (4)(1)(620pF)(6.8nF)

(4)(m)(110000)(620pF)(6.8nF) = 5680

- (0.6180)(6.8nF) + /((0.61802)(6.8nF2) — (4)(1)(620pF)(6.8nF)

(4)()(110000)(620pF)(6.8nF) = 8740

After All the values have been calculated for the Butterworth Filter a simulation of the circuit can
now be built.

OPAMP_3T_VIRTUAL
u

R1 1.45k0 OPAMP_3T_VIRTUAL
SRR + R3 R2 2
i 2.4kQ o ¢ - o
- 2.32k0 .
@mm k 5680
110kHz
e ]
o L 2z ———————
620pF J—aznpr
= i

Figure 14 - Butterworth Low Pass Filter Circuit

3.4 Tschebycheff Low Pass Filter

For all the calculations for the Tschebycheff low pass filter the coefficients table below was used for
each of the calculations.

5 1 5.6334 0.0000
2 0.7620 2.6530
3 0.1172 1.0686

3.4.1 First Filter
The first task to be carried out for this task is to select a capacitance value for the value of C1, which
in this case is 620pF. This now allows for the value of the first resistor to be calculated.

al 5.6334

Rl = =
2nFC  2m(110000)(620x10 — 12)

= 13k

Figure 15 - Tschebycheff Low Pass Filter Resistance Value




3.4.2 Second Filter
The same capacitance value will be used for the value of C1 with 620pF, which means the value of C2
needs to be calculated next as can be seen in figure 22.

2> C1 (4b)7620 (226530 _ ) 1332108
az) = PP o620 ) T T

Figure 16 - Tschebycheff €2 Value

After carrying out the calculation in figure 22 this means the value of C2 needs to be greater and the
value that | have selected is 0.012uF. Now that the value of the capacitance has been selected the
value of both resistances can be calculated as can be seen below:-

i= (0.7620)(0.012uF) — /((0.76202)(0.012uF?2) — (4)(2.6530)(620pF)(0.012uF)

(4)()(110000)(620pF)(0.012uF) = 6510

5_ (0.7620)(0.012uF) + /((0.76202)(0.012uF?) — (4)(2.6530)(620pF)(0.012uF) _

(4)(m)(110000)(620pF)(0.012uF) IR

Figure 17 - Tschebycheff Low Pass Filter Resistance Values

3.4.3 Third Filter
The same capacitance value will be used again for C1 which means the value of C2 then needs to be
calculated first as can be seen in figure 24.

2>l (4b)—620 p (2LO0686)) ) 9294x10 7
az) = PP\ o7z ) T T

Figure 18 - Tschebycheff Low Pass Filter C2 Calculation

Now that the value of C2 has been calculated | need to select a value that is greater than the
calculation above in figure 24 which is why the value of 0.22uF has been selected. This allows for the
resistance values to be calculated in figure 25 below:-

1o (0.1172)(0.22uF) — J((0.11722)(0.22uF2) — (4)(1.0686)(620pF)(0.22uF)

(4)(m)(110000) (620pF) (0.22F) =650

2 (0.1172)(0.22uF) + \/((0.1 1722)(0.22uF?) — (4)(1.0686)(620pF)(0.22uF)

(4)(m)(110000) (620pF)(0.22F) = 1840

Figure 19 - Tschebycheff Low Pass Filter Resistance Values

Now that all of the values have been calculated for the tschebycheff circuit they can be put into a
circuit to carry out a simulation of the circuit that can be seen in figure 26.




c3 [+
I} i

L} L
0.012yF 0.22F

- OPAMP_3T_VIRTUAL
Probet ) &4 . 8510 OPAMP_3T_VIRTUAL
. —"3’\'- R3 RZ > @ OPAMP_3T_VIRTUAL
o " A . ) .
RS R4
Vi 1k Frabad L o, AP =
4
1Vpk - 880 1840 J Probe.
1kHz =
” J'gz‘ﬂpF g bR ERETRSEESETREE
T 620pF os
| ] T Lo
= =

1=

Figure 20 - Tschebycheff Low Pass Filter Circuit

3.5 Butterworth High Pass 3™ Order Filter

For all the calculations for the Butterworth 3 Order High pass filter the coefficients table below was
used for each of the calculations.

3 1 1.0000 0.0000
2 1.0000 1.0000

3.5.1 First Filter
The first task to be carried out for the first filter is to select the value of the first capacitor which is

going to be 750pF. Then following this the resistance will need to be calculated as can be seen in
figure 29.

1 1
1= onFeac = 2m(110000)(1)(750x10 — 12) LoK
Figure 21 - Butterworth 3rd Order 1st Filter R1
3.5.2 Second Filter
The calculations for the values of R1 and R2 can be seen in figure 30 below:-
R1= LS : = 3.8k
T wFeCA T (m)(110000)(750x10 —12)(1) ~
A 1
964

2= GnFcCA ~ (@) (110000)(750x10 = 12)(1)

Figure 22 - Butterworth 3rd Order 2nd Filter R1 and R2

Now that all of the values have been calculated they can be used to build a circuit for simulation as
can be seen in figure 31.




R4

c3 ‘

(4]
Plohe% I ‘R' I

o 1.9k0 " ® Probe2
Vi T50pF y T50pF et
1Vpk AMP_3T_VIRTUAL
110kHz
0

[ =

Figure 23 - Butterworth 3rd Order High Pass Circuit

3.6 Butterworth High Pass 6™ Order Filter
For all the calculations for the Butterworth 6" Order High pass filter the coefficients table below was
used for each of the calculations.

B 1 19319 1.0000
2 14142 1.0000
3 0.517% 1.0000

3.6.1 First Filter

The first task to be carried out for this circuit is to select a Capacitor value which for this will be the
same as that of the previous circuit with 750pF. Now the resistance values can be calculated as is
seen in figure 34,

1 i

1= TFeCA = Gr)(110000)(750x10 — 12)(1.9319) 25k

A 1.9319

2 = JnFeCA ~ (@) (m)(110000)(750x10 — 12)(1) — Lok

Figure 24 - First Filter Resistance Values

3.6.2 Second Filter
The first task for this task will be to select a capacitance value of 750pF in this case and this allows
the resistance values to be calculated.

1 1
Rl = reca™ (m)(110000)(750x10 — 12)(1.4142) Sl
A 1.4142
1.3k

2 = JnFeCA ~ (8)(m)(110000)(750x10 — 12(1) —

Figure 25 - Second Filter 6th Order

3.6.3 Third Filter
The first task for this task will be to select a capacitance value of 750pF in this case and this allows
the resistance values to be calculated.

1 1

Rl = = =
nFeCA  (m)(110000)(750x10 — 12)(0.5176)

7.4k




A 0.5176 B
T 4AmwFeCA ~ (4)(m)(110000)(750x10 — 12)(1)

Figure 26 - Third Filter 6th Order

R2 499

Now that all of the calculations have been performed the multisim circuit can be built by inserting
the correct values into the circuit.

R4 R2 RS
A~ AV A
1.8k0 1.3k0 45900
. be ¢l ce u1 e H R uz . b‘;{{_—) c2 s us L
ol -, ol . + —] X
L e Pl T R
v TSORE  T50pF e TOF Ry | 2 1 msope - TOFF R | 7 lid
Thal 7.4kg]
L, 1vpk OPAMP_3T_VIRTUAL OPAMP_3T_VIRTUAL OPAMP_3T_VIRTUAL
~ J110kHz R1E19k0!
o

-

Figure 27 - Butterworth 6th Order Circuit




3.7 Butterworth High Pass Filter 9" Order Filter
These are the calculations carried out for the Butterworth 9" order high pass filter that has a
capacitance of 750pF, which will be used as part of each calculation.

9 1 1.0000 0.0000
2 1.8794 1.0000
3 1.5321 1.0000
4 1.0000 1.0000
5 0.3473 1.0000

3.7.1 First Filter
1 1

1= = = 1.9K
2nFcAC  2m(110000)(1)(750x10 — 12)

Figure 28 - 9th Order First Filter

3.7.2 Second Filter

1 1
wFcCA  (m)(110000)(750x10 — 12)(1.8794)
5= A 1.8794 = 18k
T 4gFcCA T (4)(w)(110000)(750x10 — 12)(1) ~
Figure 29 - Butterworth 9th Order Second Fifter
3.7.3 Third Filter
Rl = LI ! = 2.5k
T wFeCA T (m)(110000)(750x10 — 12)(1.5321) ~
o A 1.5321 — 1
T 4nFcCA T (4)(m)(110000)(750x10 — 12)(1) ~
Figure 30 - Butterworth 9th Order Third Filter
3.7.4 Fourth Filter
1= LI ! = 3.8k
T wFeCA T (m)(110000)(750x10 — 12)(1) ~
A 1
2 = = =964
4rFcCA  (4)(m)(110000)(750x10 — 12)(1)
Figure 31 - Butterworth 9th Order Fourth Filter
3.7.5 Fifth Filter
1 1
R1 11k

T @FcCA ~ (m)(110000)(750x10 — 12)(0.3473)




A 0.3473

334

2= dmFecA ™ (4)(m)(110000)(750x10 — 12)(1) _

Figure 32 - Butterworth 9th Order Fifth Filter

Now that all of the calculations have been carried out the multisim circuit can be built as can be seen

in figure 45.
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Figure 33 - 9th Order High Pass Butterworth Circuit
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4. Testing and Improving Design

4.1 Testing Bessel Low Pass Filter
Once all of the calculations had been completed this allowed for the circuit to be simulated to
investigate whether the frequency is close to that of the target frequency of 110KHZ.

Bessel Low Pass Filter
AC Swesp

s

1

:

+

:

3

3
4

Magritide

Busssegs s,

g

E
B
7

Figure 34 - Bessel Circuit AC Sweep

Vi9)
V(ER1)

1.0000
-130.7325n

119.9036k
-3.0891
119.9026k
-3.,0820
-25.7623n
8.3401n

Figure 35 - -3DB Bessel Low Filter Circuit

In figure 45 and 46 it shows that an AC sweep was carried out on the Bessel Low Pass Filter has a
frequency of 119K at — 3db, which means the circuit is pretty accurate but the result is off by about
10k.

Cursor
vi(9)
WV(PR1)
x1 1.0000
vl —-130.7325n
®a 110.424¢k
vz -2.6988
dx 110.4236k
dy —2.6987
dy/dx -24.4392n
1/dx 9.0560n

Figure 36 - db value at 110KHZ Bessel Filter

In figure 46 it shows the circuit is only out by 0.3db when comparing the values between figure 10
and figure 47.

4.2 Testing Butterworth Low Pass Filter
Once the circuit has been carried out an AC sweep can be carried out on the circuit to determine the
frequency.




Assignment 2 circuit BUTTERWORTH
AC Sweep

Vagritude
-]

Fraquency (Hz)

Figure 48- AC Sweep Low Pass Butterworth

Cursor
¥i9)
V (Probe4)
x1 1.0000
vl =-130.4712pn
x2 106.5851k
v2 -3.0293
ds 106.5841k
dv -3.0292
dy/dx -28.4178n
1/d= 9.3B14n

Figure 37 - Butterworth Low Pass Filter -3db

In figure 48 and 49 it displays the value of the frequency at -3db which shows it as 106kHZ which is
only 4KHZ off of the expected 110KHZ value. In figure 20 it will show the value of the db at 100KHZ
below:-

Cursor @
vi(9)
V (Probed)
x1 1.0000
vl -130.4712n
x2 110.4246k
v2 -3.8718
dx 110.4236k
dy -3.8717
dy/dx -35.0624n
1/d= 9.0560m

Figure 38 - Butterworth Low Pass Filter 110KHZ

This shows that the -3db is only off by about 0.8718 when a comparison between the two
screenshots from figure 49 and 50.

4.3 Testing Tschebycheff Low Pass Filter
Once the circuit has been built this allows for an Ac sweep to be carried out on the circuit to
determine the frequency at -3db.




Assignment 2 circuit TSCHEBYSCHEFF Corrected
AC Sweep

2] Cussor il = M
Vi)

W (Probed)

1.0000

Magritade

Fraquency (Hz)

Figure 51 - Tschebycheff AC Sweep

Cursor @
vig)
V(Probed)
x1 1.0000
vi -130.6278n
2 106.5951k
v2 -3.6708
dx 106.5941k
dy -3.670€
dy/dx -34.4356n
1/dx 9.3B14p

Figure 52 - Tschebycheff - 308

In figure 52 it shows the frequency in the circuit at -3db is 106KHZ which shows the circuit is very
close to the target frequency.

, Cursor " @

v{(g8)
V (Probe4)
x1 1.0000
vl -130.62781n
%2 110.4246k
v2 -6.2032
dx 110.4236k
dy -6.2031
dy/dx -56.1755n
1/dx 9,0560u

_ |

4.4 Butterworth High Pass 3™ Order Filter
Once the circuit has been built for the Butterworth High Pass Filter | can then run an AC Sweep on
the circuit to determine if the frequency at -3db is the target frequency of 100kHZ.




Assignment 2 circuit TSCHEBYSCHEFF Corrected

ix 113.0527k
dv 299. 6469
aydx 2_8505m
2rax 2.8434m

[~ AC Sweep
E)
o 4
0 e
g 00 — )
2 ™
5, 150 e
£ e,
R
50 e o
s
3850
1 L] 00 LL3 0%
Frequency (Hz)

Figure 53 - Butterworth High Pass Filter 3rd Order AC Sweep

Cursor @
WV (Probel) /V (Probel)
%1 1.0000
vl -302.7532
X2 113.0537k
v2 -3.1043
dx 113.0527k
dy 299.6489
dy/dx 2.6505m
1/dx 8.B454n

Figure 54 - Butterworth High Pass Filter 3rd Order AC Sweep Result

1.0000
-302.7532

110.4246k
-3.4005
110.4236k
295.3528
2.7110m
9.0560n

In figures 53 and 54 it display the results from the AC sweep that shows the frequency at -3db is very

close to that of the target frequency of 110KHZ since it is at 113KHZ.

4.5 Butterworth High Pass 6 Order Filter

Once the circuit has been built this allows for an AC sweep to be carried out on the circuit as can be

seen in figure 38 and 39.




Assignment 2 circuit BUTTERWORTH HP &
AC Sweep

186,731 52223
16798 5.3252m
8.5387u 5.53870

100k ™ oM
Fraquency (Hz)

[ =) @

Figure 55- Butterworth 6th Order Circuit High Pass Filter AC Sweep

Cursor . - - - - E

V(Probe2) /V (Probel) WV (Probe3)/V(Probel) V(Probed)/V{Frobel)

x1 1.0000 1.0000 1.0000
vi -202.3898 -404.5539 -606.277€
x2 117.1152k 117.1152k 117.1152k
vZ2 -5.6627 -8.3317 -3.0122
dx 117.1142k 117.1142k 117.1142k
dy 196.7271 396.2223 603.265%5
dy/dx 1.6798m 3.3832m 5.1511m
1/dx 8.538Tn 8.538Tn 8.538Tn

Figure 56- 6th Order AC Sweep Results

V({Probe2) /V(Probel) V(Probe3)/V(Probel) V(Probed)/V(Probel)

1.0000 1.0000 1.0000
-202.3898 -404.5539 -606.2776

110.4246k 110.4246k 110.4246k
-6.1854 -5.3743 -4.4506
110.4236k 110.4236k 110.4236k
196.2044 395.1797 601.8271
1.7768m 3.5788m 5.4502m
9.0560n 9.0560n 9.0560R

For the 6™ Order Butterworth circuit it shows that -3db has a frequency of 117KHZ which is only just
out of the target frequency of 110KHZ.

4.6 Butterworth High Pass 9™ Order Filter
Once the circuit has been built on multisim a AC sweep can be run on the circuit to determine
whether it is close to the target frequency of 110KHZ that was set at the beginning.




Assignment 2 circuit BUTTERWORTH HP @

- C Sweep a
10
DIk
2k
B3k -
Dk
& 05—
2 e
B
D -
kg
1 0 100 1* 1k 100k ™ 100
Fraquancy (Hz)
PLLE e @ g Fnka5 et
Figure 57- 9th Order AC Sweep
Cursor E
V{Probel)/V(Probel) V(Probe3)/V(Probel) V(Probe¢)/V(Probel) V(Probes)/V(Probel) V(Probeé)/V(Probel)
%1 1.0000 1.0000 1.0000 1.0000 1.0000
vl -87.9079 -299.8522 -502.0411 -703.8342 -905.6018
x2 107.8745k 107.8745k 107.8745k 107.8745k 10T7.B745k
Vel —-130.2%20m —-6.0693 -10.1171 -10.6271 -3.1647
=13 107.8735k 107.8735k 107.8735k 107.8735k 107.B735k
dy 97.7777 203.7827 491,0240 €93.2071 902.4371
dy/dx 306.4103n 2.7234m 4.5602m 6.4261m 8.365™m
1/dx 2.2701p 9,.2701p 9.2701p 9.2701u 9.2701p
Figure 58 - 9th Order Ac Sweep Results
1 V(Prcbe2) /V(Probel) V(Probe3)/V(Probel) V(Prcbe4)/V(Probel) V(Probe5)/V(Probel) V(Probe€)/V(Probel)

x1 1.0000 1.0000 1.0000 1.0000 1.0000
vl -97,907% -299.8522 -502.0411 -703.8342 -305.6018
x2 110.8213k 110.8213k 110.8213k 110.8213k 110.8213k
2 -15.5964m -5.7197 -8.5291 -9.8165 -2.2095
dx 110.8203k 110.8203k 110.8203k 110.8203k 110.8203k
dy 97.8943 294,1325 492.5121 ©94.0177 903.38022
dy/dx 885.34611n 2.6541m 4.4492m 6.2625m 8.151%m
1/ ax 9.0236n 9.0236p 9.0238p 9.0236n 9.0236n

The AC sweep shows that the frequency at -3db is very close to that of the target frequency that was

set at 110KHZ.




4.7 Comparison Between All Filters

Filter

Filter Type Frequency At -3db Db. at Target Frequency
110KHZ

Bessel Low Pass Filter 119KHZ -2.6988

Butterworth Low Pass Filter 106KHZ -3.8718

Tschebycheff Low Pass Filter 106KHZ -6.2032

3" Order Butterworth High Pass | 113KHZ -3.4005

Filter

6" Order Butterworth High Pass | 117KHZ -4.4506

Filter

9™ Order Butterworth High Pass 107KHZ -2.2095

The table above shows that all of the filters that were built are very close to the target frequency of
110KHZ. The filter that is probably the closest to the target frequency at -3db is either the 3" order
high pass Butterworth circuit or the 9" order high pass Butterworth circuit as each were only 3 KHZ
off of the target frequency of 110KHZ at -3db. When each circuit is analysed by looking at each
circuit at the target frequency of 110KHZ the one that is closest to being at -3db is the Bessel low

pass filter.

4.8 Possible Improvements to Filter Circuits

The possible improvements to the circuits that could be made would be through altering some of
the values used when it comes to the capacitance until you get a value when simulated will come

out at exactly the target frequency.




5. Conclusions

The first objective was meet as the research was carried out on the main types of filters that are
available today.

The second objective of the circuit was meet because a low pass filter was designed for each of the
main types of filters with the calculations carried out correctly to create a circuit that’s frequency is
very close to the target frequency of 110KHZ. The circuit was created within multisim and showed
how close it was to meeting the 110KHZ.

The next objective was met because all the calculations for each of the high pass filters have been
completed correctly that allowed for the circuit to be designed within multisim. Also this allows for
analyses on each circuit to be carried out and each had a frequency very close to the target
frequency of 110KHZ.

The final objective was to analyse each of the circuits and compare the results and look at the most
accurate circuits which in this case were a 9" order Butterworth circuit.
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DECLAN DAVIES

99

RESEARCH-INFORMED LITERATURE

(

‘ﬁp

There was evidence of further reading and research
and appropriate in text referencing. Your
interpretation and understanding of the additional
research was good. Your references were
appropriate to the task, but the reference list was
very short and limited to a small range of sources.
Avoid too much direct quoting.

KNOWLEDGE AND UNDERSTANDING

(

ﬁ’}

The knowledge and understanding of the subject
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.

18




ANALYSIS

(

yﬁ

Your analysis of the task was brief and lacked a lot
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.

(

yﬁ

Your application of practical skills for this task were
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 the roll-off of each
filter.

SKILLS FOR PROFESSIONAL PRAC.

17

(

yﬁr

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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