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1. Introduction, aims and objectives
Due to the many variations of an electronic filter, an investigation will be taken place to find
out the effects of changing the style of filter or the order of a filter. The values will all be
calculated and tested on multisim to prove the cut off frequency of the high and low pass
filters. The cut off frequency that will be aimed to archive in this investigation is 70kH;

Research will need to be done to find out information on the different types of filters and
their characteristics.

When the circuits have all been simulated and fine-tuned then then an evaluation of the
different types of filters will be made and a conclusion of the report will determine which
filter is best and what the number of orders does to the filter.




2. Research into filter design

Active Filters are used in electronic circuits to eliminate unwanted frequencies in a circuit. When a
filter reaches a certain frequency then then the filter doesn’t allow anything passed. (Gergely, 2002)
states “an electrical filter is a circuit which is used to separate some components of an electrical
signal from others”

Filters can filter different types of frequencies; these are low pass, high pass, bandpass and band-
stop. These are shown in Figure 1
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Figure 1 Types of filters

Low pass

(ece, 2018)States that “A low pass filter is a circuit whose amplitude function decreases as w
increases, that is, the circuit passes low frequencies and rejects high frequencies”. A circuit of a 1%
order low pass circuit is shown below in Figure 2.

R1

Vin — -
l Ci £ = Vout
O

Figure 2 circuit of a 1** order low pass filter




Shown on a graph in Figure 3 is the cut off frequency of a low pass filter. The cut off frequency is 3dB
after the initial roll off on a 1% order circuit the roll off is increased by 3dB per order of the filter. The
gradient of the slope after this will be -20dB per decade per order of the filter Figure 4. The steeper
the gradient, the better as the cut off frequency will be more precise. The higher the order of the
filter the better it filters frequency but the cost of the filter is increased as more components are
used,

Low Pass Filter
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Figure 3 example of a low pass filter cut off
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Figure 4 example of the effect of multiple order filter

High pass

(ece, 2018) Suggests that the magnitude increase along with frequency and after the cut off
frequency is met then the circuit allows the signal to pass. If the frequency is lower than the cut off
then it is rejected. A 1% order high pass circuit is shown below in Figure 5. The capacitor and the
resistor have swapped places which changes the type of filter.




R1 Vout

;

The frequency response looks the same as a low pass filter other than it is inversed as cuts a
different frequency off. This is displayed in Figure 6.

Figure 5 1st order high pass circuit
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Figure 6 high pass frequency response




Band pass

(electronicshub, 2018) Suggests A band pass allows a certain frequency range to pass through the
filter put not anything else. This range is called the band width. The band width is like a high pass
and a low pass put together on a frequency response graph Figure 7. The filter allows the signal
through at the 1% cut off frequency and blocks at the second cut off frequency. The circuit for a 1%

order band pass is shown below In Figure 8.
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Figure 7 band pass frequency response
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Figure 8 1st order band pass circuit

Band stop

(ece, 2018) Suggests A band stop filter works exactly like a band pass but blocks the signal within a
certain frequency range. The frequency response for this type of filter is shown below in Figure 9.
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Figure 9 band stop frequency response

Below shows the circuit of a 1* order band stop circuit in Figure 10
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Figure 10 1st order band stop circuit
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Looking into the low pass filter there are 3 main types of filters that can be used. These are
Butterworth, Bessel and Tschebyescheff.

(Storey, 2017) States that “The Butterworth is optimised to produce a flat response within its pass
band” it's suggested that this flatness is in sacrifice to the sharp knee and phase performance. The
Butterworth gives the flattest response.

(Storey, 2017) also states that “ the Bessel filter is optimised for a linear phase response” this is
because even though the Bessel filter has a poor knee sharpness the phase response is better than
the other types of filters and (Storey, 2017) suggests it's ideal for pulse waveforms. The phase shift |
a constant with the Bessel filter unlike the other filters so it doesn't distort the waveform.

(Storey, 2017) Suggests that Tschebyescheff has the sharpest change from pass band to stop band
but its phase response is very poor which means it distorts the output largely.

All the filter types are good for their own purposes but the best average is the Butterworth as its
performance is in the middle of the Tschebyescheff and the Bessel for usability. The Bessel has the
best phase performance and the Tschebyescheff has the best transition from band stop to band
pass. Figure 11 shows how the gain and phase response compare against the filter types.
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Figure 11 Comparison against filter types




(Gergely, 2002) Says that “filters can be found in radio and TV receivers where the wanted station is
selected by filtering out its wanted frequency from all the ones received by the aerial” it's also
suggested that filters are used in analogue to digital and digital to analogue conversions.

(elprocus, 2018)Says that “Active filters are used in communication systems for suppressing noise, to
isolate a communication of signal from various channels to improve the unique message signal from
a modulated signal.”
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3. Design method, choices and calculations

All the filter that will be designed is going to have a cut off frequency of 70kHz.

This report will compare and contrast the differences between filter designs. The first type of
comparison will be comparing having the same order of filters but using different filter types such as
Bessel, Butterworth and Tschebyescheff. The filters will all be 5 order low pass circuit.. This
investigation will highlight the difference in the roll off and gradient after roll off by just changing the
filter type.

The 5' order filters will be made up from 3 stages 1 1* order and 2 2" order. The output of the first
stage will connect to the input of the second order and the output of the 2" stage will connect to
the input of the 3" stage and the output of the 3" stage will be measured to find out the result of
the test,

The first stage of the filter design is too chose the type and find the coefficients related to that type
for the certain order of filter. The coefficients for this Butterworth filter are in the table below.

Butterworth
Stage number ai bi
il 1 0
X 1.6180 1
3 0.6180 1

Now the values for stage 1 can be calculated. Stage 1’s circuit is as below in Figure 12

OPAMP_3T_VIRTUAL
R 02

Figure 12 stage 1 low pass Butterworth

The resistor will be called R1 and the capacitor will be called C1 for the calculations. The formula to
work out R1 is:

ay

R = efC,

C1 needs to be selected to complete the calculation. The value of C1 is going to be 500pF.

The value of f; is 70kH;

1
1 = 2270000y (300 - 10-12)
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—
| S—




R1 = 4.55K0

The ideal resistance is between 1kQ and 10kQ so an R1 value of 4.55kQ) is perfect. If the value was
below or above the ideal bracket then the value of C1 may need to be changed and adjusted to
make the best filter.

So for stage one of the filter the values are
R1 = 4.55k(2
C1 = 500pF

Now the first stage is complete stages 2. Stage 2 is a second order and is as below in Figure 14.

c2
11
n
AnF
R2
ulhl Ul
A — e

AN
1.89k0) 5.47k()
OpF

50
I OPAMP_3T_VIRTUAL

Figure 13 stage 2 low pass filter

Like the stage 1 part of the filter C1 will be chosen. R1, R2 and C2 will need to be calculated from
this. C2 will be the first to be calculated as it's required in the equation to calculate the two resistors.

C1 = 500pF

The equation for C2 is:
2> 1
~ T al?

So

4(1)

€2 > (500 + 10712) S

C2=1nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

_ alC2 +Val2C2? - 4b, GG,

12 4nf.C,C,

~(1.6180)(1 * 107) + |/(1.6180)2 (1 » 10-9)2 — 4(1)(500 = 10*?)(1 + 10~%)

A 47(70000)(500 * 10-12)(1 + 10-9)

R1 =1.89k0)

12
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,_ (16180)(1+10°) — J(1.6180)2(1 * 10-9)2 — 4(1)(500 * 10~12)(1 » 10~2)
- 47(70000) (500 * 10-12)(1 * 10-9)

R2 =547k
The values from the stage 2 of this filter are
R1 =1.89k0)
R2 =547k
C1 = 500pF
C2=1nF

For the 3" stage of the filter another 2nd order will be used. All the calculations will be the same but
with different values of a and b coefficients which change the resistor values and C2 value.

C1 = 500pF

The equation for C2 is:
2 >c1ih
~ T al?

So

4(1)

= -12
€2 2 (500 10712) oty
C2 =5.5nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

_ alC2 + Val2C2? — 4b,C,C,

Rl 4nf.C.C,

| _ (06180)(55 « 107%) + /(0.6180)2(1 * 10-9)2 — 4(1)(500 * 10712)(5.5 + 10~2)
- 47(70000)(500 * 10-12)(5.5 » 10-9)

R1 =1.1kQ

g — (06180)(5.5+ 10°) J(0.6180)2(1 » 109) — 4(1)(500 * 10712)(5.5 + 10~%)
- 47(70000)(500 * 10-12)(5.5  10-9)

R2 = 1.71k0Q)

The values from the 3™ stage of this filter are
R1 =1.1kQ
R2 =171k
C1 = 500pF

C2=5.5nF

13
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Now that all stages of the filter are competed they can all be but together on simulate them and to
check the calculations are correct. A simulated signal is put on the input of the filter to test the filter.
The constructed circuit is shown below in Figure 15

- OPAMP_3T_VIRTUAL . [

OPAMP_3T_VIRTUAL - -

@ PR_E'

‘RS

Ay
T1kQ

@:PR-’r..:

Butterworth | - besmmmn e ¢ I - OPAMP_3T_VIRTUAL

Figure 15 Butterworth 5th order circuit

The next filter that will be looked at is the Thschebyscheff.

Thschebyscheff

Stage number di bi

1 3.5711 0

2 1.1280 2.4896

3 0.1872 1.0814

Stage 1 (1* order)
a;
R1 =
ZHﬁ;Cl

The value of C1 is going to be 2nF.

The value of f, is 70kH;

A= 3.5711
"~ 2m(70000)(2 * 10-9)
R1 = 455KQ0
Stage 2 (2" order)
( 1
L )




Like the stage 1 part of the filter C1 will be chosen. R1, R2 and C2 will need to be calculated from
this. C2 will be the first to be calculated as it's required in the equation to calculate the two resistors.

C1 = 200pF

The equation for C2 is:
2 > c12h
T al?

So

€2 = (2001072 2(2.4896)
ES _—
= ( ) (1.1280)2
C2=2nF
Now a value for C2 has been found R1 & R2 can be found using the equation:

_ alC2 + Val2C2? — 4b,C,C,

Rl 4nf.C,C,

_(1.1280)(2 * 10°) + /(1.1280)Z(2 * 10-°)? — 4(2.4896)(200 * 10712)(2 * 10~)
- 47(70000) (200 + 10-12)(2 * 10-9)

R1 =2.66kQ)

R1

,_ (11280)(2107) — JL1280)2(2 * 10-9)2 — 4(2.4896)(200 * 10~12)(2 * 10~?)
B 47(70000) (200 * 10-12)(2  10-9)

R2 = 7.31k0)
The values from the stage 2 of this filter are
R1 =2.66kQ)
R2 = 7.31k0)
C1 = 200pF
C2 =2nF
Stage 3 (2" order)
C1 = 200pF

The equation for C2 is:
2>
T al?

So

4(1.0814)

€2 > (200 + 10712) 0
(200107 75 18722

C2=2.47nF

15
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Now a value for C2 has been found R1 & 2 can be found using the equation:

o1y dlC2E Va1ZC2Z — 4b,C,C,
== 4nf.C,C,

R1
_(0.1872)(2.47 = 107°) +/(0.1872)%(2.47 * 10~°)7 — 4(1.0814)(200 * 10~12)(2.47 * 10~%)
- 47(70000)(200 * 10-12)(2.47 * 10-9)

R1 =1.97kQ

R2
~(0.1872)(2.47 + 107°) — /(0.1872)2(2.47 * 10-)2 — 4(1.0814)(200 * 10712)(2.47 * 10~°)
- 47(70000)(200 * 10~12)(2.47 * 10~9)

R2 = 8kQ)

The values from the 3 part of this filter are
R1 =1.97kQ)
R2 = 8kQ
C1 = 200pF
C2=2.47nF

These stages are combined and look the same as the Butterworth but with different values. This is
shown in Figure 16

o o
. oo OPAMP_ 3T MIRTUAL: - e o

o o S - I - OPAMP_3T_VIRTUAL

) PR3

Tschebyescheff

Figure 16 Thschebyscheff 5th order low pass
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The next filter is a Bessel filter

Bessel

Stage number di bi

1 0.6656 0

2 1.1402 0.4128

3 0.6216 0.3245

Stage 1 (1% order)
a,
R1 =
ZHﬁ;C‘l

The value of C1is going to be 200pF.
The value of f, is 70kH;

- 0.6656
~ 2m(70000)(200 * 10~12)

R1 = 7.57K0

Stage 2 (2" order)

Like the stage 1 part of the filter C1 will be chosen. R1, R2 and C2 will need to be calculated from
this. C2 will be the first to be calculated as it’s required in the equation to calculate the two resistors.

C1 = 200pF

The equation for C2 is:

€2 =1 4b,
— T al?

So

4(0.4128)

€2 > (200 + 10712
(00 ) (1140272
C2 = 290nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

. alC2 +Val12C2?% — 4b,C,C,
T 4mf.C,Cy

R1
_(1.1402)(290 * 1012 + /(1.1402)2(2 * 10-12)2 — 4(0.4128)(200 * 10~2)(290  10~*?)
- 47(70000)(200 * 10-12)(290 * 10-12)

R1 = 4.21kQ

17
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R2
_(1.1402)(290 * 10712) — /(1.1402)%(2 * 10-12)? — 4(0.4128)(200 * 10712)(290 * 10~'2)
- 47(70000)(200 * 10-12)(290 * 10-12)

R2 = 8.75k0)
The values from the stage 2 of this filter are

R1 = 4.21kQ

R2 = 8.75kQ
C1 = 200pF
C2 = 290pF

Stage 3 (2" order)
C1 = 200pF
The equation for C2 is:

c2 > C1 4,
T al?

So

4(0.3245)
(0.6216)?

C2 = 800pF

€2 = (200 * 10712)

Now a value for C2 has been found R1 & 2 can be found using the equation:

_alC2+Val2C2% — 4b,G, G,
a 4mf.C,C,

R1,2

R1
_ (0.6216)(800 * 10712) + /(0.6216)Z(800 * 10-12)2 — 4(0.3245)(200 * 10~12)(800 * 10712)
- 47(70000)(200 * 10-12)(800 * 10-12)

R1 =2.12kQ

R2
_ (0.6216)(800 * 107'2) — /(0.6216)2(800 * 10-12) — 4(0.3245)(200 + 10~22)(800 * 1071?)
- 47(70000)(200 = 10-12)(800 * 10-12)

R2 = 495k
The values from the 3 part of this filter are
R1=12.12kQ
R2 = 495k
C1 = 200pF

C2 = 800pF

18
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The final circuit is shown below in Figure 17

OPAMP_3T_VIRTUAL
uz

@ ppq R3
PR1, 37

4.21k0Q.

875k [ .
Lo €2
C 200pF

OPAMP_3T_VIRTUAL

© ‘pry

RS-

Ak
. 212kQ

Bessel

Figure 17 Bessel 5th order low pass

I OPAMP_3T_VIRTUAL

To compare the difference in different order filters, the type of filter will now remain the same and
the number of orders will change. The filter will be a high pass Butterworth and 3rd order, 6th order
and 9th order will be compared to see if the gradient of roll off is affected by 20dB per decade per
order. Also the sharpness at the top of the roll off will be investigated to see if it gets sharper as the

orders are increased.

The filter design of a high pass is similar to that of a low pass but the resistors and the capacitor
change places. Coefficients are used just like the low pass filter as in the table below.

Butterworth 3" order

Stage number Qi bi
1 1 0
2 1 1

Now the values for stage 1 can be calculated. Stage 1’s circuit is as below in Figure 18

—
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0.25k0)
e
onF 0.25kQ

OPAMP 3T VIRTUAL

Figure 18 stage 1 3rd order high pass filter
C1is estimated in a highpass filter.
C1=9nF

1

Rl = it
The value of f. is 70kH;

1
= 272(70000)(1)(9 = 10~9)

R1 = 0.25KQ

R1

R2=R1
Stage 2 (3" order)

Like the stage 1 part of the filter C1 will be chosen. R1, R2 and C2 will need to be calculated from
this. C2 will be the first to be calculated as it's required in the equation to calculate the two resistors.

C1 = 500pF

The circuit for stage 2 of the 3" order filter is as below in Figure 19

R3

A
0.13k0

Figure 19 stage 2 of 3rd order high pass filter
C1is chosen for second order.
C2=C1
C1=9nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

20
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1

A= nf.Cal
1= 1
~ m(70000)(9 * 10~9)(1)
R1 =0.5kQ
R2 = al
" 4nf.Ch1l
_ (1)
m(70000)(9 + 10-9)(1)
R2 = 0.13kQ

Now that all stages of the filter are competed they can all be but together on simulate them and to
check the calculations are correct. A simulated signal is put on the input of the filter to test the filter.
The constructed circuit is shown below in Figure 21

R2
A R3
0.25kQ0 A
0.13k
c2 R4 u2
I ,. S ca c3 u
:“T'Pk 9nF 0.25kQ F I I + © pr3
ol 9InF 9nF Ra _ —
0° OPAMP 3T VIRTUAL 0.5k0
L OPAMP_3T_VIRTUAL

Figure 20 3rd order low pass filter
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6" order high pass filter

Butterworth 6" order

Stage number di bi
1 1.9319 0.676
2 1.4142 1
3 0.5176 1.479

1% stage (2" order)
C1is chosen for second order.
C2=C1
Cl =2nF
Now a value for C2 has been found R1 & R2 can be found using the equation:

1
1= wf.Cal

1
~ 7(70000)(2 * 10-9)(1.9319)

R1 =1.176kQ

R1

- al
T Anf.Ch1l

~ (1.9319)
~ 7(70000)(2 * 10-9)(0.676)

R2 = 1.098k0Q)

R1

2nd stage (2" order)
C1is chosen for second order.
C2=C1
Cl=2nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

1
N T
. 1
~ (70000)(2 + 10-9)(1.4142)
R1 =1.607kQ
R2 = al
" 4mf.Ch1
(1.4142)

1= 70000z = 109 (D)

22
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R2 = 0.803kQ
3rd stage (2" order)
C1is chosen for second order.
C2=C1
Cl=2nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

1

1= rcal
1
Rl = —
m(70000)(2 = 10-9)(0.5176)
R1 = 4.392kQ
R2 = al
" 4nf.Ch1
(0.5176)

1=
7(70000)(2 * 10-2)(1.479)
R2 = 0.294kQ

The stages are then put together on multisim and is shown below in Figure 22

4

R3
A
1.098kQ . : R1
Ay
. 0.803kQ
c2 c1° u2
1|
Ll

2nF nF-
R2

1.607k(
- 7 OPAMP_3T_VIRTUAL

Figure 21 6th order high pass
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9* order high pass filter

Butterworth 9" order

Stage number di bi
1 il 0
2 1.8794 1
3 1.5321 j
4 il il
5 0.3473 1

C1is estimated in a highpass filter.
C1 =2nF

1

Ri= 2]'1'fca1C1

The value of f. is 70kH:

1

Ri= 2m(70000)(1)(2 * 10~9)

R1 = 3.248K0
R2=R1
2nd stage (2" order)
C1is chosen for second order.
C2=C1
Cl1=2nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

1= 1
" wf.Cal
1= 1
~ (70000)(700 * 10-12)(1.8794)
R1 =3.456kQ
B2 = al
T 4nf.Chl
(1.8794)

= m(70000)(700 = 10-12)(1)
R2 = 3.056kQ

3rd stage (2" order)

24

—
~—




C1is chosen for second order.
c2=C1
C1l=2nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

1

1= wf.Cal
R1 = !

= 7(70000)(700 » 10-13)(15321)

R1 = 4.24kQ
R2 = al

= Tnf.chl

1.5321

- ( )

- 7 (70000)(700 * 10~12)(1.479)
R2 = 2.488kQ
4th stage (2" order)
C1is chosen for second order.
C2=C1
Cl=2nF

Now a value for C2 has been found R1 & R2 can be found using the equation:

1
Ri= nf.Cal
1
R1= —
m(70000)(700 * 10~-12)(1)
R1 =6.496kQ
R2 = al
" 4mf.Ch1
1
R1 (1)

- m(70000)(700 * 10~12)(1)
R2 = 1.624kQ
5th stage (2" order)
C1is chosen for second order.
C2=C1
Cl=2nF

Now a value for C2 has been found R1 & R2 can be found using the equation:
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1

A= nf.Cal
_ 1
~ (70000)(700 * 10-12)(0.3473)
R1 = 18.704kQ
R2 = al
" 4nf.Ch1l
3 (0.3473)
" m(70000)(700 * 10-12)(1.479)
R2 = 0.564kQ
Below shows the 9™ order filter circuit in Figure 22
R2
AN R3
3.248k0) AAA
L c2 o Cu2
V1 Il R1 n
VK — : R
m’:z opF | 3.248k0 : 1
. R R I
= o o OPAMP_3T_VIRTUAL
- R7
" AP
c5 1o z...tsamm : S cr K azmm
—— o R I I L
fO0pF  T00pE | : —L' oo [100pF r(pr
- 4.240k0 : el  savkn
OPAMP_3T_VIRTUAL OPAMP 3T_VIRTUAL

- RO

AV
0.564kQ

Cee | ies
1} 1|
1 || I

7T00pF - TO0pF - -

g pr

- 18.704kQ

Figure 22 Sth order filter circuit
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4. Testing and improving the design

to prove the theory behind the behaviour characteristics of filters, all the circuits that have been
designed will now be tested. The circuit will be tested using multisim’s ac sweep simulation function.
This will simulate the circuit with real life characteristics. Voltage probes have been placed on the

circuits to test the circuit.

Starting with the Butterworth shown below in Figure 24. The has the gradient of -100dB per decade
which is expected for a 5™ order filter. The roll of isn’t the best but the slope down is very flat which

was expected from the research.

AC Sweep . -
Butterworth
& & ') & i ——
Cursor [~ ] .
viE)
W(PR3)
x1 100.0000k R
vi -15.6433
xZ 1.0000H
vE -115.5568
dx 900.0000% Y
dy -00.0136 h
dy/ax -111.00 "
1/dx 1.11 T
1k 10k 100k ™ 0M
Frequency (Hz)

Figure 23 Butterworth simulation

Thschebyscheff is in Figure 25 below. This has a very sharp roll off but the signal is very distorted on
the pass band which was pointed out when researched. The gradient is very close to 100dB per

decade which is very good.

AC Sweep
- ~
o o & - & a ~ ‘.
h'.
Cursor A .
Vi3 h
VIPRI) S
x1 100.0000k A
Tschebyescheff = 29,5767 )
x2 1.0000M
¥2 -133.5248
ax 900.0000k A
dy -103.9481 &
ay/ax ey
1/dx .
- A
113 0k 100k ™M oM
Frequency (Hz)
Figure 24 Thschebyscheff simulation




Magnitude

Figure 27 3rd order gradient

Bessel is in Figure 26 below. The Bessel’s gradient is also very close to 100dB per decade. The roll off
is very slow on this but the there is very little distortion in band pass.

AC Sweep

& i o s

Bessel

¥i
%2
v2
dy
dy/dx
1/dx

Vig)

V(PR3)

200.0000k
-42.9828

Frequency (Hz)

10k

Figure 25 Bessel simulation

Now the effect of increasing the order needs to be compared.

3" order will be the first circuit to test.

™

oM

The 3" order Figure 27 is a very long gradual incline which has a gradient of 60 dB per decade which
isn't very good Figure 28. The roll off isn’t sharp at all and there’s also a lot of distortion on the band

. . AC Sweep
Bl e o
§ouf T
) - = s
A——
IFigure 26 3rd order simulation
- w
50 Cursor “
0 V(6)
V (PR3)
S0 = 100,0000
vl -170.6373
x2 10,0000
1001 o -230.6373
dx -30.0000
dy -60.0000
-150 dy/dx 666.666Tm .
1/dx -11.1111m T
-200 P
-
s il
-250 e
- . o
i
-300 |
1 10 100




The 6" order filter shows a much greater gradient at 120dB per decade. This filter is also a lot less
distorted and has a sharp roll off. Figure 29 shows the simulation.

- AC Sweep .
Cursor n
e -
Vi(8) ,.;-/"
V(FH4E) -
x1 10.0000k -é__,-’
vi -101.4391 P
x2 1.0000k e
¥2 -221,4398 —
dx -9,0000k =
ay -120.0007 T
dy/dx 13.3334m o
1/dx -111.1111p A
.r,.
o
#_/
—
v
./’L
-
100 1k 10k 100k
Frequency (Hz)

Figure 28 6th order simulation

The 9™ order shows a very steep gradient at 180 dB per decade with a very sharp roll off on the top.

This proves that increasing the order of a filter largely improves the performance of that filter. 9t
order is shown in Figure 30

filter butterworth high pass 9th order

AC Sweep
- h'd
v{1i7) ,//
V (PRE) v
A
®1 30.0000k /
vl -43.3100 A
x2 3.0000k -
v2 -224.0372 /-‘-
dx -27.0000k
dy -180.7272 /
dy/dx 6.6936m /
1/dx -37.0370n
/;’"
/,/
1k 10k 100k

Frequency (Hz)

Figure 29 9th order simulation
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5. Conclusions

The aim of this report was to test what affects a filter when designing a filter. The two types of
variables whilst testing was the type of filter and the number of orders a filter was.

It was found that the type of filter affected the waveform of the circuit such as the sharpness of the
roll of and the distortion of the waveform. Butterworth had the most average characteristics where
as Thschebyscheff had a really sharp roll off but was distorted whereas Bessel had no distortion but
a bad roll off.

Increasing the orders of the filters showed that the order controlled the gradient of the roll off and
the sharpness of the band pass to band stop transition. The more the orders were increased the
closer the circuit came to the brick wall effect where the roll off almost matches a digital waveform.

The calculations were fairly easy to do but were time consuming on the Thschebyscheff filter. High
pass filter was very easy to do the calculation as they were quite simple.
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