Anchor Aca

disseminate knowl




Oyebola, Blessed Olalekan: Design of an Audio Multitone Refiner, Simulation of Audio
Frequencies & Analysis Using Active Filter, Hamburg, Anchor Academic Publishing
2017

PDF-eBook-ISBN: 978-3-96067-635-5
Druck/Herstellung: Anchor Academic Publishing, Hamburg, 2017

Bibliografische Information der Deutschen Nationalbibliothek:

Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der Deutschen
Nationalbibliografie; detaillierte bibliografische Daten sind im Internet tber
http://dnb.d-nb.de abrufbar.

Bibliographical Information of the German National Library:
The German National Library lists this publication in the German National Bibliography.
Detailed bibliographic data can be found at: http://dnb.d-nb.de

All rights reserved. This publication may not be reproduced, stored in a retrieval system
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise, without the prior permission of the publishers.

Das Werk einschlieBlich aller seiner Teile ist urheberrechtlich geschitzt. Jede Verwertung
auBBerhalb der Grenzen des Urheberrechtsgesetzes ist ohne Zustimmung des Verlages
unzulassig und strafbar. Dies gilt insbesondere fiir Vervielfaltigungen, Ubersetzungen,
Mikroverfilmungen und die Einspeicherung und Bearbeitung in elektronischen Systemen.

Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen usw. in
diesem Werk berechtigt auch ohne besondere Kennzeichnung nicht zu der Annahme,
dass solche Namen im Sinne der Warenzeichen- und Markenschutz-Gesetzgebung als frei
zu betrachten waren und daher von jedermann benutzt werden durften.

Die Informationen in diesem Werk wurden mit Sorgfalt erarbeitet. Dennoch kénnen
Fehler nicht vollstandig ausgeschlossen werden und die Diplomica Verlag GmbH, die
Autoren oder Ubersetzer Gibernehmen keine juristische Verantwortung oder irgendeine
Haftung flr evtl. verbliebene fehlerhafte Angaben und deren Folgen.

Alle Rechte vorbehalten

© Anchor Academic Publishing, Imprint der Diplomica Verlag GmbH
Hermannstal 119k, 22119 Hamburg
http://www.diplomica-verlag.de, Hamburg 2017

Printed in Germany



CONTENTS

ABSTRACT ..ottt ettt ettt ettt e eeeeneeens iii

FOREWORD ...ttt ettt e iv
CHAPTER ONE

INTRODUCTION ...ttt ettt ettt ettt et sttt bt et s 1

1.1 WHhat IS FIer? ...cceoiiiiiieeee e 1

1.2 Fundamentals of Filters (LOW-Pass)........ccccevieriiniiiiiiieiieeeccceeeeee 2

1.3 Superiority of Active Filters over Passive Filters..........ccoccoevieniinennnnnnne. 3

1.4 Basic Op-Amp and Feedback Theory .........ccccovviiiiiiiiiiiiniiiieeeeeee 4

1.5 Overview: Block Diagram..........cccoeeueeiiieeiiiiiieecicceee e 5

1.6 Terms DefInItion.......coouieiiiiiiiiee e 5
CHAPTER TWO

LITERATURE REVIEW ...ttt 6

2.1 Transfer FUNCHONS ....coc.eoiiiiiiiiiieee e 8

2.2 Butterworth Low Pass FIIters ..........coccooviiiiiniiiiiiiieccc 11

2.3 Tschebyscheff Low Pass FIlters ..........cccveviiiiiiiciiiicieeceeeee e 11

2.4 Bessel Low Pass FIIters ......cc.ovieriiiiniiiiiecccecccceeeceee 11

2.5 Quality Factor Q ......oooiiiiiiieiii ettt e 12

2.6 PLECIS ..ottt 12

2.7 Low Pass Filter DEeSIZN........ccccuiieiiiiiiiieciieeiie et 12

2.8 First Order Low Pass Filter ........cocoviiiiiiiiiiiieeeeeee 13

2.9 Sallen-Key TOPOIOZY.....cccviiiiiieiiieiieeiee et 15

2.10 Multiple Feedback TOpPOlOgIeS ......cccueieviieriiiiiiiciieeieeeie e 17

2.11 Higher Order Low-pass FIlters ........cccveeviieiiiiiiieiiieeeecee e 17

2.11.1  Second Order FIIter.......coouiiiiiiiiiiiiiieeeeeeeeeeee e 17

2.11.2  Third Order FIIer ......ooviiiiiiiiiiee e 18

2.12 High Pass Filter Design .......ccccvveiiiiiiiiiiieeieeieeeee e 18

2.13 Multiple Feedback ToOpoloZIes ........cccuveeiieeiiiiiiiieciee et 19



2.14 Band-Pass Filter DeSi@n ........ccceeouiiiiiiiiiieeiee et 19

2.14.1  Second Order Band Pass Filter..........cccccoviiiiiiniiiiiieeeceee e, 20
2.14.2  Sallen Key TOpOlogy .....cceeeuiiiiiiienieeiteieeieee ettt 20
2.14.3  Multiple Feedback Topology........ccoeouieiieiiiiiiniieiieieeee e 21
2.15 Tone Control (Baxandall) Circuit..........cccceeeeeiiiiieeiiiiiiieieeeeceeeeeee e 25
CHAPTER THREE
DESIGN ... ettt et sttt st et s e et e et et e bt e beene e beeneebeeneenneas 27
3.1 Filter ATCRItECTUTE.......ocuviiiiiiiiiiicc e 28
3.2 Op-Amp Selections and Blue Print ..........c.ccooiiiiiiiiniiiniieeee 32
33 Overall Designed Circuit Diagram ..........coocceeviiieeiiieinieeniieeieeeieesieeeieene 33
34 CroSS OVET DESIZN....coiuiiiiiiiieiiieiieeeite ettt ettt e e eas 34
CHAPTER FOUR
ANALYSIS AND DISCUSSION......cootiiiritaiieieteetesie ettt 35
4.1 Signal Coupling and Pre-Amplifier.........ccoooeeiiiiiiiiiniiieeeeceeeee 35
4.2 Multiple Feedback (MFB) Band-Pass Circuit.........cceeeevieeiieeniienienieene 35
4.3 The Band Pass Design Calculated Values...........ccccoeeeeniiniiinienicenieneee. 36
4.4 Output Section and Components Selection .........ccceeveeveeviiriieeiieeneeneenee. 38
4.4.1 Capacitor SEIECION .......ieeiiieiiieeieeeiie ettt ettt ere e s b e e eeeens 39
4.4.2 Component ValVeS........eevuiiiiiiiiriieiiieeiit ettt 40
4.5 Peak Limiter/ AtenUator ........cccceeiiiiiiiiiieiiiniceeeeeeee e 40
CHAPTER FIVE
RESULTS AND CONCLUSION ....coittiiiiieeeteteeteeee ettt 42
5.1 Filter Shapes, Responses and Combining Action...........cccceevvveeeieeeneeennnen. 42
5.2 NOISE ANALYSIS 1.ttt et e e aee e 49
REFERENCES AND BIBLIOGRAPHY ......cc.oooiiiiiiiiieee et 52

il



ABSTRACT

The versatility of signal analyzing tools: Laplace transform, Fourier series, D.C. and transient
analysis were the glaring tools or methods used to ascertain the realization of all constructed
circuit here; ‘Casio fx7400G’ language was used during programming of the band pass filter
used quite interesting is to also see the practicability of some engineering theories the reality of
signal audio frequencies and their response in tone control. Active filters were used through. This
adds a lot of cost, efficiency, size compact and better amplification advantages over the inductive
(passive) type. Represented in this critique are fundamental of filters, superiority of active filters
over passive filter, overview of Chebychev, Ideal Butterworth, Chebyshev, and Bessel in chapter
one whole chapter two covers review of transfer function, Thomas Biquads, Akerbergmossberg
Biquard, positive Gain single Amplifier Biquads, Negative Gain single Amplifier Biquads
parallel active filter, leapfrog filter, band pass architectures, stages type and high orders that are
available. Chapter three discussed multiple feedback topologies the design overall circuit
diagram, MFB bandpass computation, crossover design, combining performance, filter responses
and combining action. The chapters closed with simulated waveform or filter shapes, responses
and combining action noise analyses the audio multi-tone refiner technical specification and a
section on practical suggestion (chapter five) and an insight for future research. The desired
results were achieved to an extent: the circuit design of an audio multi-tone refiner with a
ballpark good quality of production that gave room for frequency bands selection (as enviable)
within the audio frequency range; the scientific designing tools or methods as stated above were
all realistic in frequency dependent electronic circuit(s) design. Here within is intelligence of a
designed and constructed audio device, awfully zest but not with case.
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FOREWORD

This work was a research work in all its facets that involved laboratory findings typically
designed and constructed; with rigorous mathematical analysis, programming, circuit synthesis
and stimulation; bearing in mind the necessities to add to the world of audio production.
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