Laboratorio 3

Filtros Ativos Passa-Baixa




Roteiro Experimental




ME3000 - Analog

Electronic Courseware



ME3000 Analog Electronics Courseware
Out-of-Box Teaching Solution for Analog Electronics

Quick Start Guide

revigion 1.31
Printed on 20 September 2012

EJE31A Power Supply

34405A Digtad Muitimeler

332204 Funclion Generalor DSO1002A Csclilbscope




Op-Amp Module (Module 2)
o 1st Order Active Filter
2nd Order Active Filter

o Buffer
o Inverting/Summing Amplifier
o Non-Inverting Amplifier
o Differential Amplifier
1st Order Active Filter 2nd Order Active Filter

v
Non-Inverting Differential Buffer
Amplifier Amplifier

Figure A2 - ME3000-M2 Op-Amp Module

Inverting/
Summing
Amplifier




ddfm http://dreamcatcher_asia/cw
CATCHER

cw_enquiry@dreamcatcher.asia

3.3 Lab Sheets

No Lab Sheet Objective Duration
1 Diode Characteristics "dl'icééjgsderstand the characteristics of 3 Hours

To understand the basic operations of

rectifier circuits 3 Hours

2 Rectifier Circuits

3 BJT Characteristics T_D undgrstand the ::hara::teristics of a 2 Hours
bipolar junction transistor (BJT)

To demonstrate the effects of DC biasing

4 DC Biasing on the AC operation of a common-emitter | 3 Hours
amplifier
To understand the typical configurations

5 Practical Op-Amp Circuits of operational amplifier circuits and their 3 Hours

characteristics

To demonsirate the practical issues in
designing an RF tuned amplifier and
perform AC measurements on a Class A
amplifier

6 RF Class A Tuned Amplifiers 3 Hours

To understand the basic operations of a
555 Timer IC and design astable and
monostable multivibrators using 555
timers

7 555 Multivibrator Circuits 3 Hours

To understand the working principles of
8 Active Filters active filters and design an active low 3 Hours
pass filter
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Filtros Ativos Passa-Baixa

As arquiteturas de filtros passa-baixa de 12 e 2a ordem disponiveis no kit educacional
MEZ000 [ M2 para implementagio de filtros de 13, 23, 33, 42 & 52 prdem s3o0 mostradas nas
figuraz 1a, 1b, 1gm, Id e le.

Fig. 1a— Esguematico Filtro Passa-Baixa de ordem 1 com ganho unitario

1st Order Active Filter
+15V

=15V

GND

Fig. 1b — Filtro Passa-Baixa de ordem 1 disponivel no Kit 3000 / M2




Fig. 1c — Esquematico Filtro Passa-Baixa de ordem 2 com ganho ndo unitario
e arquitetura 53llen-Key

2nd Order ﬁctive Filter

=

I -5V

GND

Fig. 1d — Filtro Passa-Baixa de ordem 2 com ganho nao unitario e arguitetura
Sallen-Key disponivel no Kit 3000 / M2




2nd Order Active Filter

:|: 15V

GND

Fig. le — Filtro Passa-Baixa de erdem 2 com ganho n3o unitaric e arquitetura
Sallen-Key dizponivel no Kit 3000 / k2

Mo kit educacionzsl ME3000 / M2 da Dream Catcher € possivel implementar filtros
pass=-baixa com as especificagdes descritas na Tabelz 1.1.

Tzbela 1.1
Filtro: Passa-Baixa Ordem | Frequéncia Capacitor
Filtro de corte C (mF)
[f, - Khz)
BMzterwarh 32 7.25 1o

Butterwarh 32 153 10
BMttRrwarh 52 153 10

N
“ Chebyshev, 2dB ripple 32 14.5 10
=]

Chebyzhev, 2dE ripple 32 22 10
Chebyshev, 2dE ripple Ut 20 10




Procedimento Experimental

Projetz um dos filtros passz-baixa de 32 ordem e um dos filtros passa-baixa de 532
ordem com as especificagdes descritas na tabela 1.1 e com os componentes disponiveis nos
circuitos das figuras 1z a le.

Implements em protoboard os filtros projetados utilizande o kit educacional ME3000
S M2, Mega os seguintes pargmetros:
- Ganho totzl na faixa de passagem (Aq).
- Frequéncia de corte do filtro (f,).
- Determine 2s frequéncias onde ocorrem os picos de fipple.

Simulacdo

1) Simule no LTSPice os filtros projetados. Meca o= seguintes parametros:
- Ganho total na faixa de passagem [Aq).

- Frequéncia de corte do filtro ().

- Determine a5 frequéncdias onde ocorrem as picos de fipole.

2) Compare o= resultados experimentais e de simulagdo

3] Simule no LT3Fice filtros passa-baixa de ordem 2 de Butterwarth, Tohebychey [rpple
de 3dB) e Bassel com topologia de 33)lep-Key, ganho ndo unitario e frequéncia de corte de

20¥Hz. WHilize C=10nF.

Comente sobre a resposta de cada filtro na banda de passagem.




Comparacgao

Teoria x Experimento



Ganho [dB]

Active Filters : Theory x Experimental

Filtro passa—baixas de Tchebychev de ordem 2
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Resposta em frequéncia do filtro passa-baixas de Tchebvchev de ordem 2




Ganho (dB)

Active Filters : Theory x Experimental

Resposta em frequéncia de filtro Butterworth de 5° ordem
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Filtro Passa Baixa Butterwork, ordem n=5, f = 19.8KHz




Active Filters : Theory x Experimental

Filtro rejeita—banda de ordem 2
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Resposta em frequéncia do filtro rejeita-banda de ordem 2 implementado.



Introduciton

What is a filter?

A filter is a device that passes electric signals at certain frequencies or
frequency ranges while preventing the passage of others. — Webster.

Applications (few examples):

In telecommunications band pass filters are used in the audio frequency range (0 — 20 KHz).

In telephone centrals high frequency band-pass filters are used for channel selection.

There are filters that do not filter any frequencies of a complex input signal, but just add a linear
phase shift to each frequency component, thus contributing to a constant time delay. These are
called all-pass filters.



At high frequencies (> 1 MHz), all of these filters usually consist of passive components such
as inductors (L), resistors (R), and capacitors (C). They are then called LRC filters.

In the lower frequency range (1 Hz to 1 MHz), however, the inductor value becomes very
large and the inductor itself gets quite bulky, making economical production difficult.

Active filters are circuits that use an operational amplifier (op amp) as

the active device in combination with some resistors and capacitors to
provide an LRC-like filter performance at low frequencies.

CE
L R 1
Vin Y ANN, :L Vour R, J R,
Vin SYAVAY AN
C i T Vour
Second-Order Passive Low-Pass Second-Order Active Low-Pass



Determinac¢ao de Fung¢ao de Transferéncia

Filtro Ativo Genérico na Configuracdao Realimentagao Muiltipla

1 O ganho de tensao deste circuito pode ser facilmente obtido utilizando-se a LCK

nos nos a e b, supondo que o amp op é ideal e aplicando-se a técnica de terra
virtual.




Filtro Ativo Genérico na Configuracdao Realimentagao Muiltipla




Filtro Passivo X Filtro Ativo

Mostrar que o filtro ativo passa-faixa com realimentacao multipla abaixo tem a mesma
funcao de transferéncia do filtro passivo RLC.

i

1 O ganho de tensao do circuito passivo é dado por:

jwR JWwwo
G=2= e D 0 [1]
- - . 1 - fWR 1 fww
v — 2 JWK 1 —w21IWWo .2
e (]WL+R+].W€) + T +LC + : +w?
1 WyL
2 0
Wi = — Q=
0 LC R




O ganho de tensao do circuito ativo, como demonstrado, é dado por:

1
Zy =Ry Zy =1/jwC, G = Us __ Z1Z3
— ﬁ e
ZZ_RZ ZS=R5 Ve 1(1+1+1+1)+ 1
Zs = 1/jwCs Zg\Z1 Zz Z3 Zy) Z3Z4
Vs jwCs
G_v_e T _wcsC +jwEsrle, 1(1+ 1)
3n4 Rs  R5\R1 R
Se C; =C, =CeR;= 2R, resulta:
jwwo
_ Vs jW/(Rlc) _ Q
O e = W2+ Wt — (—+—) w2l 2 2]
€ J R5C R5C2 Rq w Q 0

Wo = 2
2R<C%2\R; R, Ry R2
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Rather than resembling just another filter book, the individual filter sections are written in a
cookbook style, thus avoiding tedious mathematical derivations. Each section starts with the
general transfer function of a filter, followed by the design equations to calculate the
individual circuit components.

Introduction to three main filter optimizations (Butterworth, Tschebyscheff, and Bessel).

Description of the most common active filter applications:
low-pass

high-pass

band-pass

band-rejection

all-pass filters



Active Filters
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Active Filters

filtro passa-baixa

Sallen-Key Topology
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Active Filters
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Active Filters
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Active Filters
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filtro passa-tudo



Low Pass Filters



Butterworth

Low Pass Filter

Chebyshev

Bessel




Low Pass Filter

General Transfer Function

Ag

A(s) =
l?[1 + as + bs?

The filter coefficients a, and b, distinguish between Butterworth,
Tschebyscheff, and Bessel filters. The coefficients for all three types of
filters are tabulated.

The order n determines the gain rolloff above f. (n-20 dB/decade)



Butterworth Low Pass Filter

The Butterworth low-pass filter provides passband flatness.
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Chebyshev Low Pass Filter

The Tschebyscheff low-pass filters provide an even higher gain rolloff
above f.. However, the passband gain is not monotone, but contains
ripples of constant magnitude instead. For a given filter order, the higher
the passband ripples, the higher the filter’s rolloff.
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For a given filter order, the higher the passband ripples, the higher the
filter’s rolloff.

Each ripple accounts for one second-order filter stage.
Filters with even order numbers generate ripples above the 0-dB line.

Filters with odd order numbers create ripples below 0 dB.



Bessel Low Pass Filter

The passband gain of a Bessel low-pass filter is not as flat as that of
the Butterworth low-pass

The transition from passband to stopband is by far not as sharp as
that of a Tschebyscheff low-pass filter
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The Bessel low-pass filters have a linear phase response over a wide
frequency range
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The Bessel low-pass filters have a linear phase response over a wide
frequency range

Filtro passa—batxas de Bessel de ordem 2 Filtro pasia—bairas de Beisel de ordem 2
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Cascade Filters

The first-order and second-order filter stages are the building blocks
for higher-order filters.

1st order D_.l tst orger
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i 1st order Z2nd order 2nd order

oth ordel —-l a I—- a, b, I—-l a, b, —
i 2nd order 2nd order 2nd order

6th orde 4.| 2. b, I_- 3, by I_.l e




Designing

Low Pass Filters



Filters

Coefficients

A(s) =

Ao

I1
I

(1 + as + bs?




Butterworth

Coefficients

1] | a b I = Q I
foq I T
1 i 1.0000 0.0000 1.000 —
2 i 14142 1.0000 1.000 0.7
3 i 1.0000 0.0000 1.000 —
2 1.0000 1.0000 1272 1.00
4 1 1.0478 1.0000 or1e 0.54
2 0.7854 1.0000 1.380 1.3
5 i 1.0000 0.0000 1.000 —
2 1.8180 1.0000 0858 0.82
3 0.6180 1.0000 1448 1.82
i i i.8318 1.0000 0676 0.52
2 14142 1.0000 1.000 0.7
3 05178 1.0000 1478 1.3
7 1 1.0000 0.0000 1.000 —
2 1.8010 1.0000 0.745 055
3 1.2470 1.0000 1117 10.80
4 04450 1.0000 1488 225
3 1 1.9816 1.0000 0661 0.51
2 1.0828 1.0000 0.ez2g 0.80
3 .11 1.0000 1206 0.90
4 10,3802 1.0000 1.512 2.58
4 i 1.0000 0.0000 1.000 —
2 149784 1.0000 0703 0.53
3 1.531 1.0000 0.eiv 0.85
4 1.0000 1.0000 1272 1.00
il 0.3473 1.0000 1521 2.88
10 i 1.8754 1.0000 0.855 0.51
2 1.7820 1.0000 0756 0.58
3 14142 1.0000 1.000 0.7
4 0.9080 1.0000 1322 1.10
] 03ze 1.0000 1527 3.20




Bessel

Coefficients

n 1 a b I = Q 1
foy I fz
1 1 1,000 0.0000 1.000 —
2 1 12817 06180 1.000 0.58
3 i 0.7580 10,0000 1.323 —
2 D.2ead 04772 1414 0.6
4 i 13397 04339 0.a7a .52
2 0.7743 0.3380 1.787 0.81
kil 1 0.6856 0.0000 1.502 —
2 1.1402 04128 1184 0.58
3 D.6216 0.3245 2138 0.9z
Li] i 12297 0.38a7 1.083 0.51
2 D.2886 0.3505 1431 0.61
3 0.5131 02756 2447 1.02
T i 05837 10,0000 1.648 —
2 1.0844 0.3385 1207 0.53
3 05304 0aom 1.695 0.68
4 0.4232 02331 2T 113
B 1 11112 03182 1.184 0.51
2 0.8754 029749 .39 0.58
3 0.7202 02821 1.083 0.7
4 0.3r2e 02087 2082 1.23
o i 05386 10,0000 1.B57 —
2 1.0244 02334 1277 0.52
3 D.8710 0:2830 1.574 0.5
4 0.8320 023 2224 0.78
] 02257 0.1354 237 1.32
0 i 1.0215 0:2850 1204 0.50
2 02233 02548 1412 0.54
3 0.7815 02351 1.780 .62
4 05804 02059 24749 0.81
] 0.2B83 10.1885 34aa 142




Tschebyscheff Coefficients

(0.5 dB Passband ripple)

1] I a ) b 1 = Q 1
for e
1 1 10060 0.000a 1.000 —
2 1 1.3614 1.3827 1.000 0.84
3 1 1.8638 0.000a 0537 —
2 0.0640 1.1831 1.335 1.7
4 1 28282 14341 0.533 0.7
2 0.3648 1.1509 1419 204
] 1 20235 0.000a 0342 —
2 1.3025 23534 0.BE1 1.18
3 0.2200 1.0B33 1.4E0 454
[i] 1 3.8845 g.B87a7 0368 .68
2 0.7528 1.B573 1.073 1.81
3 01588 1.0711 1485 6.51
T 1 40211 0.000a 0.249 —
2 18728 4 1795 0645 1.09
3 04881 1.6678 1208 258
4 01156 1.0443 1.8517 554
] 1 51117 11.880 0278 0.6a
7
2 1.0638 28385 0.B44 1.81
3 0.3432 14208 1264 347
4 0.0885 1.0407 1.521 11.53
2 1 51318 0.000a 0185 —
2 24283 G.6307 0.508 1.04
3 0.6838 22808 0.BEg 221
4 0.2558 1.3133 1.344 4.43
] 0.0685 1.0272 1.532 14.58
10 1 G.3648 13.389 0222 0.87
5
2 1.3582 43453 0.6E9 1.53
3 0.48x2 18440 1.081 2.89
4 0180 12520 1,361 5.81
] 0.0583 1.0283 1.633 1788




Tschebyscheff Coefficients

(1 dB Passband ripple)

n I a b I = [*] I
foy I g
1 i 1.0000 0.o000 1.000 -
2 i 1.3022 1.6515 1.000 0.9a
3 1 2158 0.0000 0451 -
2 03242 12057 1.353 2.02
< 1 2.5904 4.130 0.540 0.78
2 QL3028 1.1687 1417 3.58
5 1 35T 0.0000 0.280 -
2 1.1280 24808 0684 1.40
3 Q.1arz 1.0812 1.486 5.58
i 1 38437 9.5529 0366 0.76
2 Qug2az 18124 1.082 220
3 01208 1.076E 1.403 £.00
7 1 49520 0.0000 0202 —
2 1.8338 44809 0655 1.30
3 03087 1.6834 1213 ER
4 0.09a7 1.0432 1.520 1020
i i 51012 14.760 0276 0.75
B
2 0.8918 30428 0.B48 1.8a
3 02908 14334 1285 427
4 0.0v17 1.0432 1.520 1424
g 1 6.3415 0.0000 0.158 —
2 21252 7T 0514 1.28
3 05824 232748 0604 271
4 0.20T8 13168 1346 5.53
kil 0.05682 1.0258 1.633 16803
10 1 6.3024 22748 0221 0.75
B
2 11382 4 5167 0684 .88
3 .303g 1.0665 1.083 3.58
4 01816 12569 1.381 084
k] 0.0455 1.0277 1.532 2226




Tschebyscheff Coefficients

(2 dB Passband ripple)

n I a b 1 = Q I
f¢| Ifc
1 1 1006060 0.000a 1.000 —
2 1 1.1813 17775 1.000 1.13
3 1 2TERs 0.0000 0357 —
2 04300 12038 1.378 2.55
4 1 24025 4 0Bg2 0.550 10.83
2 02374 1.1888 1413 4.59
k] 1 48345 0.0000 0:21a —
2 0. 90rxD 26038 0.o0a 1.78
3 01434 1.0750 14083 T.23
L] 1 3.5880 10464 033 0.80
g
2 04825 18622 1.085 284
3 0085 1.0828 1401 1046
T 1 64780 0.0000 0154 —
2 1.3258 4. TG540 0.665 1.85
3 0.3087 1.5027 1214 412
4 0.0714 1.0384 1.623 1428
B 1 47742 18.151 0282 1084
0
2 0.6en1 3.1253 0.853 2.53
3 02153 14428 1.285 5.58
4 0.0547 1.0481 1.514 13.30
a 1 53188 0.0000 0.120 —
2 1.7280 76580 0522 1.80
3 04237 23540 0.eoa 3.54
4 01583 1.3174 1.3448 T.25
5 0.0427 1.0232 1.526 23.68
10 1 5.0618 23.037 0226 0.39
g
2 09847 4 Ggaa 0.aa7 241
3 0.3023 1.0858 1.084 4.6
4 01233 12614 1.380 B
5 0.0247 1.0204 1.521 2027




Tschebyscheff

Coefficients
(3 dB Passband ripple)

n I a) by k= =]
oy lig
1 1 1.0000 0.0000 1.000 —_
2 1 1.0650 1.8305 1.000 1.30
3 1 3.3455 0.0000 0299 —
2 0.3589 1.1823 1.396 307
4 1 2.1853 5.5339 0.557 1.08
2 0.1964 1.200% 1.410 558
5 1 56334 0.0000 0178 —
2 0.7&20 26530 0.9y 214
3 o172 1.0E2E 1.500 8.82
& 1 327N 1HETT 0.379 104
3
2 04077 19673 1.086 348
3 00815 1.0B61 1.459 12.78
7 1 7.5064 0.0000 0.126 —
2 1.1188 48563 0.670 188
3 02515 1.5044 1.222 502
4 DL05E2 1.0348 1.527 17.46
3 1 4 3563 20.294 0.286 103
]
2 057531 3.1EDE 0.855 3.08
3 01765 1.4507 1.285 683
4 0.0443 1.047E8 1.517 22387
El 1 10,1475 0.0000 0.098 —
3
2 1.4585 7.8971 0.526 1893
3 0.3561 2.3651 1.001 432
4 01254 1.3168 1.351 88T
5 00343 1.0210 1.537 25.00
10 1 54449 31378 0.230 102
B
2 07414 47363 0.699 284
3 0.2473 1.9852 1.084 370
4 01008 1.2638 1.380 11.15
5 0.02E3 1.0304 1.530 3585




n I &) by it [+ ] 'I'Em.
1 1 [LE435 0.0000 1.554 — 0.204
9
2 1 1.6278 0.5632 1.054 0.58 0518
1
3 1 1.1415 0.0000 D.ETE — 0.843
7
2 1.5082 1.0877 D559 069
4 1 2.3370 14678 0.E20 0.52 1173
E
2 1.3506 11837 0519 oA
5 1 12974 0.0000 0.7 — 1.506
a
Z 22224 1.5685 0.738 0.56
2 1.2116 1.2330 0.5 DAz
B 1 26117 1.7763 0.750 051 1.E639
=
2 2 OT0E 1.60M5 0790 061
3 1.0967 1.2596 0B 1.0z
7 1 1.3735 0.0000 0728 — 2173
7
2 2.5320 1.8169 074z 0.53
2 19211 16116 0.788 056
4 1.0023 1.2743 0.B36 113
= 1 27541 1.9420 0718 051 2508
4
Z 2.4174 1.8300 0739 0.56
2 1.7850 1.6101 0.788 ey
4 0.5239 1.2622 0.E33 1.23
El 1 1.41E5 0.0000 0.735 — 2.843
4
Z 26879 1.9659 0713 0.52
2 22940 1.8282 0.740 0.59
4 1.6644 1.6027 0790 076
5 [LBST9 1.2B62 D.E32 1.32
id 1 2.B405 2.0400 0.Ea9 0.50 3178
E
2 2.6120 1.9714 oz 0.54
3 21733 1.8184 0742 062
4 1.55E3 1.5823 n.raz 0.a1
s 0.BD13 1.2677 0.B51 1.42




Quality Factor

Band Pass s 0 = fo
Filters f2—h
S
;
3 dB
= t
= I I Bandwidth
w | |
i B
g .
<< @,
g
8!
R |
f] fn f} Frequency (Hz)

/b

Low and High Pass

Filters

—> 0=

a;



Example: low pass filter with 5 stages
(Tschebyscheff — 2dB)

|A| — Gain— dBE

40
30 —"aln‘—
|
20 i
Overall Filter Qs
10 [T |
|
. 4 v
15t Stage —
-10 2nd Stage- —"':,."
1 L rrrnn ] 1
Jrd Stage—71" T ‘E
1 L rrrnn A i
-20 4th Stage — L i
5th Stage —{—— ’ﬁ; \ T
30 [EEEEETT ||
0.01 0.1 1

Frequency — {1

Tschebyscheff Coefficients

(2 dB Passband ripple)

Q:(dB) = 20 logQ,

n [ a b k= ay
1 1 1000 0.0000 1.000 —
2 1 1.1813 1.7775 1.000 1.13
3 1 2.7 0.0000 0357 —
2 04300 12034 1.374 255
4 1 24025 4 Q8g2 0.550 0.93
2 0.2374 1.1884 1413 4.54
k] 1 482345 0.0000 0218 —
2 0. 900 26038 0.a0a 1.73
3 01424 1.0750 1483 7.23
i 1 3.5880 10404 0373 0.90
g
2 04825 1.8622 1.085 284
3 0.0825 1.0824 1481 1044
T 1 64780 0.0000 0.154 —
2 1.3258 4 7548 0.665 1.85
3 03087 1.5027 1218 412
4 0.0714 1.0334 1.623 1428
8 1 47743 18.151 0.282 0.89
0
2 0.58a1 31353 0.853 253
3 02153 14444 1285 5.58
4 0.0547 1.0481 1.618 13.30
2 1 83188 0.0000 0.120 —
2 17288 76580 0522 1.60
3 0.4337 2 3540 0.e23 154
4 01583 1.3174 1.3449 T.25
5 0.0427 1.0232 1.538 2368
10 1 50618 23037 0.228 0.89
g
2 03847 4 G544 0.6a7 24
3 03023 1.8854 1.084 4.04
4 01233 122614 1.380 B.1M
] 0.0347 10204 1.631 2027




First order filter

Second order filter

Transfer Function

—> A
A =173 a,s
Ao
1+ as + bs?




Low Pass Filters

(First Order Topology)



Inverting

A(s) =

1+ wR,C,5

\_Y_}



Noninverting

A(s) =

\_Y_I

a

Ap =1+ =% (DC gain)



Designing Low Pass Filters

(First Order Topology)




——— Vour

(Ganho =1)

n Specify f., C,

e

_ 1
n 1= 2miC,

(Ganho = 1)

Specify f, A,, C;
a4

n 1= 2,

H R, = Rs(Ag — 1)




Low Pass Filters

(Second Order Topology)



Sallen-Key Topology

Multiple Feedbak Topology




Sallen-Key Topology (A, #1)

The SK topology is commonly used in filters.

_ Ay
Als) = . .
1+ wgdCyR; + Ry + (1= A R,Cy|s + w2 RR,C,C,s?

\ ] |\ J




Sallen-Key Topology (A =1)

The SK topology is commonly used in filters.

Als)

1

"1+ wCy(Ry + Ry} 5 + w2 RyR,CC,s2

\

] | J
|

A, =1

ay = w.CyRy + Ry

by = we?RR,C,C,




Multiple Feedbak Topology

The MFB topology is commonly used in filters that have high Qs and require a high gain.

R,
Il
R, Ry e,
Vi AP AN = v
Cj_ J_ + " o
Ry
Als) = L
*. - - H H L

1+ weC,|Ry+ Ry + 2

\ ] | J

A R2
a~ - R,
: R.R
a, = 1.—:.:(:1[ R, +R; + ﬁ_:"
- : |

by = we® C,CR,R;




Designing Low Pass
Filters

(Second Order)
Sallen-Key Topology




Sallen-Key Topology
(A,=1)

Ry
Ve AP

g:u
{3
3

%

Pick C,

n Determine filter coefficients a, e b,

H In order to obtain real values under the square )
root, C2 must satisfy the following condition:

ac, —Jafr:f—%,-::mz

R, =
i 4mf:C1Cy

n Calculate R, and R, -

ayc,+ Jafo—A}b]Cl C,

2~ 4 f.C1Co




Design a second order unity gain Tschebyscheff low pass filter with a corner
frequency of 3KHz and a 3dB passband ripple

1| Pick C,=22nF

2 | Get the Tschebyscheff filters coefficient tables: a; =1.0650 and b, = 1,9305

Table 16-9. Tschebyscheff Coefficients for 3-dB Passband Ripple

n I a b K = L |
fog ! T2
1 1 1.0000 0.000a 1.000

» 2 1 1.0850 1.8305 1.000 1.30
3 1 33405 0.000a 0.2ea

P

0.3559 11823 1306 2.07




4b 4b
c,=c 2 oMby o 419305 _
3| C=Ciz = c,=c, - 210 L1225 - 1500

4 | Calculate R; and R,

1.065-150-10-2 - .III."'IZ’I.{]EE-’IEIZ]-“IIZI'-E'l2 — 4-1.9305-22-10-9-150-10-%
R, = : : = 1.26 kQ
47-3-102-22-10-92-150-10-#

1.065-150-10-% + ,,'."":1.[155'15[]'1D‘9I2 - 4-1.9305-22-10-9-150-10-8

"o = 4731032210 9-150-10 -9 = 130k

150n
|1
126k | 1306

Ve w“wul - v
.
29n -




» As)

Sallen-Key Topology
(A, % 1)

(R,=R,=R and C,=C,=C)

Als) - _ B
1+ wg Cy(Ry + Ry + (1= Ay RC, s + w62 RR,C,C5?
\ J
|
d;
"ﬁ"EI

"1+ wRC3 - As + (wRC)%s?

\ J
|
b,
y
A, = 3 — — R
/b =1+52
) A‘:‘ RE
a, = wRC(3 - Ay
b, = mcRO:




B0 8B

Sallen-Key Topology
(A, #1)

Geta,and b,

Pick C and get R > _ /b
& R = 2nf.C
Calculate A, and R, /R, == N
D - —
\'b1
Calculate Q =) Q-5 A,




Designing Low Pass
Filters

(Higher Order)
Sallen-Key Topology




Design a fifth order unity gain Butterworth low pass filter with a corner

frequency of 50KHz.

15t order 2nd order 2nd order
oth order - q a b m
i Ty WD ks 3
. C, C,
, o | 1
Vin—AA l _D"_ Vosr Vi _aft N—l—&ﬁ@_ § Vi _ﬂ? /\,—l—ﬁﬂ@ y

= {;1 ouT {31 — " OLUT

1 T T




Table 16-5. Butterworth Coefficients
n | Fi | i bi I'li = Q i
f‘:i .'I fc
1 1 1.0000 0.0000 1.000 —
2 1 1.4142 1.0000 1.000 0.71
3 1 1.0000 0.0000 1.000 —
2 1.0000 1.0000 1.272 1.00
4 1 1.8478 1.0000 0719 0.54
2 0.7654 1.0000 1.390 1.31
# 5 i 1.0000 0.0000 1.000 _
2 1.6180 1.0000 0.859 0.62
3 0.6180 1.0000 1.448 162




2 | PickC,=1nF

3| GetR;

8y 1

R = =
T 2af.C,  2a-50-10%Hz-1-10-9F

= 3.18 kQ2




Pick C, = 820pF

4b,

4b,

With C, = 820pF and

C, = 1.5nF calculate R,

and R,

==

—2- 82010 "2F L - 1260nF

16182

aic, - \/a%czz—4b1C1C2

4t fcC1Co

=1.87KQ

a1C2 + \/a% C22—4b16162

=4.42 KQ



Pick C, = 330pF

4b, e WP | A N
C, = (;13_12 # C, = C1532 330107 ¥F5o7g7 = 346 nF
R a1C2 —\/a%sz—él-blClCz 1 47K Q
With C, = 330pFand == 1= ATfoC1Cs -
C, = 4.7nF calculate R, ]
and R, a162+\/a%C22—4b16162
R2 = = 453 KQ
4ntfcC1Cy

1.5n

v ek - I}
AN 1.87k | 4.42k il
I D hyyyll Byyy T 147k l 453k l
in AN AN
el e [

L I 330p

\




Designing Low Pass
Filters
(Second Order)

Multiple Feedback
Topology




Multiple Feedbak Topology

Ra
R
1+ weC Ry + Ry + 22
\ l
|
d;

\

; [ o 2

J

R,

Anz _R_;

3, = 0:Cy R + Ry +

R.R3

5
-

R

1

b1 — {:I,;;2 CIC2R2R3




Choose C;, C,

n Calculate R, R, R; mmp

a,C, - /a2 C,” - 4b,C,C,(1 - Ay

R2 = 4.1ch|(:2
R,

Ry=—x

R d

3T z




