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1. Introduction

The first task of this assignment will be to research the main types of filters and they’re uses. The
main types being, Bessel, butterworth and tschebyescheff.

Next, the three main types of filters above must be designed and built in 5" order. This will entail
calculating the circuit component values. The filters must meet the selected frequency of 120Khz.
After designing the circuits must be put onto multisim then simulated to gain results.

The next task will be to design three butterworth filters, a 3" order, 5" order and 9'" order filter.
These filters must also meet the selected frequency of 120KHZ. After designing the circuits must be
put onto multisim then simulated to gain results.

Finally the results need to be analysed to meet the target frequency and improvements.




2. Research Into Filter Design

An electrical filter is used to separate electrical signals from others. The separation is usually
considered using frequency. Typical uses of filters are found in radios and Tv recievers. An ideal filter
will only pass a selection of frequencies with no attenuation or distortion. A pass band is where the
accepted frequencies are and sthe stop band are those that aren’t passed.

v pass band . stop band

Ve

practical
hiter

Figure 1

Figure 1 shows the pass and stop band of a filter. Showing an ideal filter and a practical filter.
(Gergely, 2002)

Butterworth filter
Butterworth filter is considered as an all round filter having a flat response in the pass band with a
average roll off on the stop band.

Response

-EdB/octave

P

Frequency

Butterworth Filter Cut-off

Figure 2

Figure 2 shows the butterworth cut off response. Where the pass band is flat with an average cut off
angle. A butterworth filter is widely used in many radio frequency filters.

(Poole, 2018)




Tschebysheff filter

This type of filter gives a steeper roll off angle, however creates a ripple in the pass band area. For
this reason it is no use in audio systems. This filter is ideal at deriving sinewaves from square wave
filtering out harmonics. (Bramble, 2018)
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Figure 3
The ac sweep above shows the slight ripple in the pass band area.

Bessel filter

A Bessel filter provides a maximally flat delay across its frequency due to its linear form, however
offers a slower transition from a stop band to pass band. This filter is not used as widely as the
others however it is often used in audio applications such as audio cross over networks. (Bramble,
2018)
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www.CircuitsToday.com
Figure 4 (Circuitstoday, 2018)

Figure 4 shows a comparison of the above filters and theyre different response. As you can see a
tschebycheff filter produces ripples on the band pass, where butterworth and Bessel don’t. The
steepest cut off comes from tschebycheff then butterworth. This shows a butterworth is an all round
filter.




3. Design method, choices and calculations

Cut off frequency
The cut-off frequency to aim for was 120k, so in all the below filters must achieve this cut off
frequency value.

Bessel 51" order low pass filter
In the figure below is the table of coefficients uses to carry out the design of the Bessel filter

Filter stage A value B value Frequency

1 0.6656 0 120k

2 1.1402 0.4128 120k

3 0.6216 0.3245 120k
Figure 5

First stage design
For this stage | chose a reasonable capacitor value of 200pf. Now | can calculate the value of R1 using
the equation below.

A= 0.6656 B=0 F=120k C1= 200pf

Al 0.6656

= 2nFC ~ (2)(m)(120,000)(20X10 — 11) 4AIKQ

R1

The equation above shows the calculation used to work out R1 in the first stage. The aim was to
have a resistance value between 1k and 10k which I achieved by using a reasonable capacitor value.

Second stage design

A=1.1402 B=0.4128 F=120k C1=200pf
Using the above values | calculated the value for the second capacitor as you can see below.

c2>C1 (4b)—200 F s0410 =2.54x10 — 10
az) = PP\ qqa02z )T

The above calculation shows the results of the value C2. So the C2 value for this stage will be 254pf.
Now we know both capacitor values we can calculate values for R1 and R2.

_ (@(€2) - J((#)(€2*) - B (B)(C1)(C2)

M (D) (F)(C1)(C2)
Ry = A+ V((4%)(€2%) — (9 (B)(C1)(C2)
(#)(m)(F)(c1)(C2)

Above are the equations used to calculate the values of R1 and R2 for a low pass filter.

 (1.1402)(254pF) — |/((1.14027)(254pF?) — (4)(0.4128)(200pF) (254pF)
B (4)(7r) (120000) (200pF ) (254pF )

R1 = 3.74KQ




,  (1.1402)(254pF) + J((1.14022)(254pF?) — (4)(0.4128)(200pF) (254pF)

= 3.81KQ

(4)(r)(120000)(200pF)(254pF)

Third Stage
The first calculation to solve is for C2 this can be seen below.

A=0.6216 B=0.3245 F=120k C1=200pF

4(0.3245)

4b
c2>Cl (ﬁ) - ZOOpF( —— ) — 6.72x10 — 10

The above calculation means that C2must be greater than 772pF. Therefore 800pf was selected for

C2. Now R1 and R2 values must be calculated.

(0:6216)(800pF) — J((0.62162)(800pF?) — (4)(0.3245)(200pF) (800pF)

(4)(m)(120000)(200pF)(800pF)

, _ (0.6216)(800pF) + J((0.62162)(800pF?) — (4)(0.3245)(200pF) (800pF)

(4)(m)(120000)(200pF)(800pF)

Now all values for the 5% order Bessel filter has been calculated it can be built and simulated on

multisim.
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Figure 6

Figure 6 above shows the circuit built in multisim.
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Butterworth Low Pass Filter
Below is the table of the coefficients used for this filter.

Filter stage A value B value Frequency
1 1 0 120k
2 1.6180 1 120k
3 0.6180 il 120k

First stage filter
The first stage is to select the C1 value as for the previous filter, this was selected as 200pf then we
can calculate R1 using the equation below.

al 1
- 2nFC 2m(120000)(200x10 — 12)

R1 = 6.63k0)

Second stage filter

For the second stage the C1 value was kept the same as the first stage being 200pF. Now this allows
us to calculate the C2 value using the equation below.

4(1)

4b
c2>C1 (F) = 200pF (W

) = 3.056x10 — 10

Using the calculation above it requires the C2 value to be greater than 305pF therefore | chose
400pF. Now | have these values | can calculate R1 and R2 below.

- (1:6180)(400pF) — J(1.61802)(400pF2) — (4)(1)(200pF) (400pF)

(@ () (120000)(200pF) (400pF) =Z.7ekh
9= (1.6180) (400pF) + J((1.61802)(400pF2) —(4)(1)(200pF)(400pF) = 7.97Ka
- (4)()(120000) (200pF) (400pF) o
Third stage filter
For this stage | used same C1 value again and calculated C2 below.
2> c1 (%) — 200pF (—X2_) _ 209210 - 9
az) = “UPPY \oe1s0z ) T 4V
For C2 | chose the value to be 2100pF, now the R1 and R2 values can be calculated.
Bl = (0.6180)(2100pF) — \/((0.61802)(2100;7}-'2) — (4)(1)(200pF)(2100pF) = 1.55kf
- (4)(m)(120000)(200pF)(2100pF) o
0.6180)(2100pF 0.61802)(2100pF2%) — (4)(1)(200pF)(2100pF
Rz:( )( pF) + \/(( )( pF2) — (4)(1)(200pF)( p):z.lskn

(4)(7)(120000) (200pF) (2100pF)

Now that all values have been calculated the filter can be simulated using multisim.
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Figure 7
The figure above shows the butterworth filter built in multisim.
Tschebycheff low pass filter (-3dB)
Below is a table of the coefficients used for the tschebycheff filter.
Filter stage A value B value Frequency
1 5.6334 0 120k
2 0.7620 2.6530 120k
3 0.1172 1.0861 120k
First stage
Again as for all the others filters | chose 2000pF as C1 from this | calculated R1 below.
R1=-20 — 6334 = 3.73k0)
T 2rFC 2m(120000)(2000x10 — 12)
Second stage
200pF was chosen for C1, from this | calculated C2.
c2>C1 (4b) = 200pF 326550 = 3.655x10 — 9(3655pF
az) = “PT\To76202 ) T OO (3655pF)
The calculation above means that C2 has to be greater than 3655pF, therefore | chose 3700pF.
Now | have these values, | can calculate the R1 and R2 values.
Rl = (0.7620)(3700pF) — \/((0.76202)(370{);3."2) — (4)(2.6530)(200pF)(3700pF) — 295k0
B (4)()(120000) (200pF) (3700pF) o
R2 = (0.7620)(3700pF) + \/((0.76202)(370{);3."2) — (4)(2.6530)(200pF)(3700pF) — 280k0
N (4)(m)(120000) (200pF)(3700pF) o
Third stage

The same C1 value was kept, below is the calculation for C2.

c2>cl (‘”’)7200 p(A0686)) _ 937210 — 8(62237pF)
az) =P Toargze ) T 0o p




From the above calculation, C2 needs to be greater than 62237pF, therefore | chose 62300pF as the

C2 value. Now R1 and R2 can be calculated.

R1

~ (0.1172)(62300pF) — J((0.11722)(62300pF2) — (4)(1.0686) (200pF) (62300pF)

(4)(m)(120000)(200pF)(62300pF)
= 3760

R2

_ (0.1172)(62300pF) + J((0.11722)(62300pF?) — (4)(1.0686)(200pF)(62300pF)

(4)(r)(120000)(200pF)(62300pF)
= 4010

Below in figure 8 is the filter built using the above values.
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Figure 8
Butterworth High Pass 3" order filter
Below are the coefficients used through the design of this filter.
Filter stage A B Frequency
1 1 0 120k
2 1 1 120k
First stage
For the first stage a capacitor value of 500pF was used. R1 was then calculated below.
1= ! = ! = 2.65K
© 2mFcAC  2m(120000)(1)(500x10 — 12)
Second stage
For this stage R1 and R2 must be calculated, C1 was kept at 500pF.
1 1
R1 5.3k

T WFcCA ~ (m)(120000)(500x10 — 12)(1)

10




2 = 4mFcCA ~ (@) (m)(120000)(300x10 — 12)(D)

A

=133k

Now all the values have be calculated it can be built in multisim. Below is a screenshot of this.
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Butterworth High Pass 6" order filter

Below are the coefficients table used throughout the design of this filter.

Filter stage A B Frequency
1 1.9319 il 120k
2 1.4142 il 120k
3 0.5176 il 120k
First stage
The C1 value chosen is 500pF, from this | can calculate R1 and R2 below.
R1 = L ! = 2.74k
T mFcCA~ (m)(120000)(500x10 — 12)(1.9319) ~—
A 1.9319
R2 = 2.56k

T 4nFcCA ~ (4)(@)(120000)(500x10 — 12)(1)

Second stage

The C1 value was kept the same being 500pF. Again R1 and R2 is calculated below using this value.
1= o 1

T mFcCA ™ (m)(120000)(500x10 — 12)(1.4142)

=3.75k

A 1.4142

R2 = Feca = (@) (m)(120000) (500x10 — 12)(1)

=187k

11




Third stage
C1 was kept the same, from this R1 and R2 could be calculated using the equation below.

1 1
nFcCA  (m)(120000)(500x10 — 12)(0.5176)
A 0.5176
2= = = 686
4nFcCA  (4)(m)(120000)(500x10 — 12)(1)
Below in figure 10 is the circuit built in multisim using all the values above.
S ] S S Sk g B S SR e
b Tl ot e T Tl e
| 3t B B _LR)' L . b B B B Ri L 1 . B B R:_m
T e e
Figure 10

Butterworth High Pass Filter 9 Order Filter

Below are a table of coefficients for the design of the filter. A capacitance of 500pF will be used.

<R R RE R RN L B ER MR RS

rw

Filter stage A B Frequency
1 1 0 120k
2 1.8794 1 120k
3 1.5321 i 120k
4 1 il 120k
5 0.3473 il 120k
First stage
C = 500pF
1= ! = ! = 2.65K
T 2mFcAC T 2m(120000)(1)(500x10 — 12) ~
Second stage
C = 500pF
1 1
R1 = 2.82k

~ mFeCA ~ (m)(120000)(500x10 — 12)(1.8794)

12




A 1.8794

2 = JnFcCA ~ (@) (m)(120000)(300x10 — 12)(1) _ =K
Third stage
1= e . = 3.46k
T @FcCA T (m)(120000)(500x10 — 12)(1.5321) =
R2=—o - il = 2.03k
T AmFeCA ~ (4)(@)(120000)(500x10 — 12)(1) ~
Fourth stage
R1 = ! _ ! =53k
T wFeCA T (m)(120000)(500x10 — 12)(1) ~
2= < : = 1.33k
" 4muFcCA  (4)(m)(120000)(500x10 — 12)(1)
Fifth stage
R1= LS L =15.28k
T mFeCA ™ (m)(120000)(500x10 — 12)(0.3473)
A 0.3473
460

2 = JaFeCA ~ (8 () (120000 (500x10 — 12)(1) _

Now all the values have been calculated the circuit can be built in multisim. See screenshot of it built
in multisim below.

Figure 11

13




4. Testing and improving the design

Testing Bessel Low Pass Filter
Once all was designed and built, the circuit could be simulated to see if it achieved the target
frequency of 120KHZ.
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Figure 12
Cursor n
V(T)
V (PR1)
x1 118.7650k
vl -3.0001
I 1.0000k
v2 -327.1013n
dx -117.7650k
dy Z.458497
dy/dx -25.4721p
1/dx -8.4515p
Figure 13

AC Sweep

00k M

Frequency (Hz)

Figure 12 and 13 shows the ac sweep on the Bessel low pass filter. It has a cut off frequency of

118.7k at -3dB.

a,
2ep =
v(T)
— V(PR1)
Y ~— .

x1 300. 0000k
vi -21.5245
x2 3. 00008
vz -118.8421
dx 2.70008
dy -97.317%
dy/dx -36.0436u
1/dx 370.3704n

00k ™

ey (Hz)

Figure 14

s

Figure 14 shows the filter dropping by 100dB’s per decade as it's a 5" order filter.
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Testing Butterworth Low Pass Filter
Below is the AC sweep on the Butterworth filter.
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Figure 15

Figure 15 and 16 shows the cut off frequency at -3dB being 116.9k.

Cursor n

vi(g)
V (PR1)
x1 116.9233k
vl -3.0453
x2 1.0000k
v2 —-127.0660m
—dx -115.9233k —
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dy/dx —26.2688p
1/dx -5.6264n

Figure 16

Cursor n

w V(8) hed
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T 200.6638k

vl -22.4091

X2 2.2009M
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dx 2.0002M \a\é
dy -104.0465 i
dy/dx -52.0181n Maﬁhﬁ%ﬂg“ﬁamﬁk&‘ﬁ_
1/dx 499 ,9507n

™

Figure 17

Figure 17 shows the filter dropping by 100dB’s per decade as it's a 5" order filter.
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Testing Tschebycheff Low Pass Filter
Below is an ac sweep of the filter. Here we can see the frequency at -3dB.
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Figure 18

Figure 18 and 19 show the cut off frequency being 102.1k at -3dB.

Vig)
V(PR1)
x1 102.1549%k
vyl -3.1010
x2 1.0000k
v2 -7.5805m
—dx -101.154% —
dy 3.0934
dy/dx -30.5806n
1/dx -9.8858n
Figure 19
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e X1 149.9420k
¥l -23.7018
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¥z -134.6801
dx 1.3495M -y
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ay/dx -82.2374n T
1/dx 741.0228n e
100k ™
Figure 20

Figure 20 shows that the filter drops at roughly 100dB per decade.
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Butterworth High pass 3" order filter
Below is an ac sweep of the filter. Here we can see the frequency at -3dB.
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Figure 21

Figure 21 and 22 show the cut off frequency being 121.1k at -3dB.
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Figure 23 shows that the filter drops at 60dB per decade.
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Butterworth High pass 5" order filter
Below is an ac sweep of the filter. Here we can see the frequency at -3dB.
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Figure 24 and 25 show the cut off frequency being 122k at -3dB.
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Figure 26 shows that the filter drops at roughly 100dB per decade.
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Butterworth High pass 9'" order filter
Below is an ac sweep of the filter. Here we can see the frequency at -3dB.
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Figure 27 and 28 show the cut off frequency being 122k at -3dB.

V(15)
V (PR1)
=1 122.0168k
vl -3.3289
®2 10.0000M
g2 -439.74Z1m
dx 9_8780M
dy 2,8892
dy/dx 292.4844n
1/ax 101.2352n
Figure 28
HA.JWEE]J'HL.JHEEU|ﬁLJ\'\‘EqJ|HA..'JWEE|J|HL.JHEE]J|HLJl\‘EqJIH\.DWEEleL.JWEE]J ¥t P i I'I
AC Sweep
50 I § Cursor n T
V(15 | asman
50 o (7L - ]
_8 -100 V(PR1)
% g (/s-xl 8.0227k
2 -200 e vl -211.5092
= -250 e %2 £0.2271k
-300 G ¥2 -31.4658
/ dx 72.2044k
a0k dy 180.0435
dy/dx 2.4535m ————
Tk 10k 1/dx 13.84%6n 100k
Frequency (H
v(15)
V(PR1)
Figure 29

Figure 29 shows that the filter drops at roughly 180dB per decade.
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5. Conclusion

Filter Type Frequency at -3db
Bessel Low Pass Filter 118.7KHZ
Butterworth Low Pass Filter 116.9KHZ
Tschebycheff Low Pass Filter 102.1KHZ
3" Order Butterworth High Pass Filter 121.1KHZ
6" Order Butterworth High Pass Filter 122KHZ
9' Order Butterworth High Pass Filter 122KHZ

The filters could have been improved by alternating some of the values such as capacitance, by
doing this maybe the target cut off frequency could have been achieved accurately.

Research was carried out in the first task into the different types of filters and they’re uses. The task
of designing the low pass filters was also completed. During this | had to design the different types of
filters to achieve the selected frequency of 120k. Throughout the task some uses rose but by
changing the capacitor value this was solved. Some of the filters weren’'t as accurate as others in
achieving the selected cut off frequency however a little more work in designing would have
achieved this.

The following objective was met during the designing and testing of the high pass filters. These had a
slightly different method when designing. However all were designed and simulated. All high pass
filters were fairly accurate to the cut off frequency selected. As the filters increased in order the
angle of the cut off becomes sharper creating an increase in performance in the filter.
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should relate the results to the original specification
and to accepted theory.

PRACTICAL APPLICATION AND DEP.

(

y‘ Your application of practical skills for this task was

generally very good. You used the resources
available in MultiSim appropriately when designing
the circuit and you used appropriate options for
testing and evaluating the circuit performance. You
managed to design an efficient circuit that
functioned within the specification and achieved this
by only asking for assistance when appropriate.
Your results were comprehensive and allowed for a
good conclusion to be attempted.

SKILLS FOR PROFESSIONAL PRAC.

22

(

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.



	PSDE 5006 Assignment 1
	by Trystan Daniels

	PSDE 5006 Assignment 1
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor


	TRYSTAN DANIELS67


