*Higher Technological Institute/ 10t" of Ramadan City
Department of Electrical & Computers Engineering
Butterworth Filter Sheet

Instructor : Dr. Mustafa M. Shiple
Subject: Shaping Circuits /(EEC 242)

Term: Feb / May 2015

ANSWER THE FOLLOWING QUESTIONS:

1. Design a Butterworth low-pass filter to realize the following specifications:

[15 marks | [C,, Ay,

Omaz = 0.5dB , Qmin = 35dB , w, = 1000rad/s ,and wy, = 3000rad/s.

(a
(b

d) Redesign LPF to use resistors with 8.1k2.

Calculate the filter order, pole locations in the S-plane,and transfer function.
Calculate denormalized frequency, gain and quality factor for each pole.

)

)
(¢) By keeping the gain of the third pole to unity, Calculate all filter components.
(d)

)

(e) Redesign 5" order LPF (designed in part c¢)with wp = 12343.4rad/s.

Solution:
(a)
Amin 35
log ( W) log (1021
- (10 107 -1) /) (10w-1)/
2log$—i 2log%

pole locations:y) = % = 36°

° 0:>(S+1):>P0:—1

o 136 = (5% +2c0s36S +1)=(5?+0.6185 + 1)
= Py = —cosy + tjsiny = —0.3 &+ J0.95

(b)

Ymax

(10™48" — 1) = 0.349

€ =
WBLPF = e X wp = 1234.34rad/s

Gain and quality factor: S2 + %S +wd and k=3 — %

o +72= (S%+2cos72S +1) = (52 +1.6185 +1) = P34 = —0.8 £ J0.58

Pole Term Q K
0 S+1 0.5 1
1,2 S?2+1.6185+1 0.618 1.382
34 S?24+06185+1 1.618 2.382
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(c) Assume C = 10nF

1 1
R = = = 81k€2
wpC ~ 1234.34 x 10n
Ry Ra 81K
Kip=1+ 2> = — = 212kQ A -
Rl R, TS R, 1 0 e fE= 1
R4 Ry 81K
K3g=1+—7— Rp = = = 58.6k2 A R=R
M R, T B T K, o1 132 Seme A
Reduce the third gain to be unity =1
1
az4 = m = 0.419
R 81k
Ry == = o = 193.1k0
R 81k
Re= 1, T oase =19
10nF
il
81k0) LM741
19310 | 81%Q
p—AAA— ; L SAa >
. 81k0)
139.4k03 10 F 4—AAA—
> 58.6k0)

(d)
newyalue 8.1k
AKpy = ————=—"=0.1
" old,alue 81k 0
v-Rnew - 0'1Rold
Colg  10nF
new Akm 0'1 n
IOD-HF
H
19.31kQ | 81kQ LM741
> 8.1k
100 .
13.94k03 0P ww—
5.86k8)
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(e)
newyalue 12343.4
ARy =—70— = =10
/ old,alue 1234.34
VRyew = not changed
Cold 10nF
== = 1nF
vC’new Ak‘f 10 n
InF
il
193.1kQ | 81kQ LM741
>—4>—
130.4k03

2. Design a Butterworth High-pass filter to realize the following specifications: [15 marks | [C,, Ay

Qmaz = 1dB , Qmin = 50dB , w, = 5300rad/s ,and w, = 1000rad/s.

(a) Calculate the filter order, pole locations in the S-plane,and transfer function.

(b) Calculate denormalized frequency, gain and quality factor for each pole.

Solution:
(a) transform HPF = LPF By replace Ywrpp = %
a. dB \'\ : | a.dB X in= éQ_
o 150\ |
min "\ |
\\\ I am:n: ldB
~ _k i 1
0 \L-——-.__ ) 4
0 1000 5300 @ rads 0 l 5,3 Q
og (1033(11:—1) log (1051”*13—1)
(1016 1) (1010 —1
n= 2]og ¥s - 5.3 =3.85 ~
08 4p 2log %*
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pole locations:y) = 1—20 = 45°

o £22.5 = (82 +2c0s22.55 +1) = (S? +1.8475 + 1)
= P12 = —cos®y £ jsiny = —0.923 + J0.383

e +67.5= (S?+2cos72S +1) = (S?+.7655 + 1) = P34 = —0.383 + J0.926

(b)

Qmazx

e=14/(10 10 —1)=0.509

WBLPF = 67% X wp = 1.187’ad/s

Gain and quality factor: S2 + %S +w and k=3 — %

Pole Term Q K

1,2 S?2+1.8474+1 054 1.15
34  S24+0.765+1 131 2.23

Assume C = 1F

1 1
WBLPFC 1.18 x 1
R4 Ra 0.85
Kio=14+—/— = = = 5.67Q2 A =
1,2 + Rr = Rp Kia—1_ 0.5 5.67 ssume R = R4
Ry R 0.85
K3ys=1+—/— = = = 0.691Q2 A =
3,4 + Rr = Rp Kia—1 123 0.69 ssume R = R4
1F
1; 1'Fll
1 it

LM741

P 0.85¢) 0.85¢) LM74l
0.856) m
0.6919)
Transform LPF = HPF :
(1)RC to CR transformation:
Chew = % = L1I8F  Rpeyw = & = 10
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10

W
Vin oo |— ||

1.18F

10

—oVout

0.8502

0.69102

(2)De-normalization:
wHPFpass _ 5300

WHLPF — W = 118 = 4491537’ad/5
Assume C = 10nF
Cord 1.18
by = —22 = = 26.3KQ
" Cpewky  10m x 4491.53
R=1x26.3k = 263K
R = 0.85 x 26.3k = 22.3KQ
Rp1 = 5.67 x 26.3k = 149K
Rps = 6.91 x 26.3k = 181.7TKQ
203 M%,smz
10nF
Vin o] {1 I [[L0nF )
10nF 10nfF " = oot
PR 22 3K 223K
263K} 263K
149K =

181.7K1}
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