Builder's Book

Burkhard Kainka, DK7JD




Radio Builder's Book

From Detector to Software Defined Radio

Burkhard Kainka

(Slektor



@ This is an Elektor Publication. Elektor is the media brand of
Elektor International Media B.V.

PO Box 11, NL-6114-ZG Susteren, The Netherlands

Phone: +31 46 4389444

@ All rights reserved. No part of this book may be reproduced in any material form, including photocopying, or
storing in any medium by electronic means and whether or not transiently or incidentally to some other use of this
publication, without the written permission of the copyright holder except in accordance with the provisions of the
Copyright Designs and Patents Act 1988 or under the terms of a licence issued by the Copyright Licencing Agency
Ltd., 90 Tottenham Court Road, London, England W1P 9HE. Applications for the copyright holder's permission to
reproduce any part of the publication should be addressed to the publishers.

® Declaration

The author, editor, and publisher have used their best efforts in ensuring the correctness of the information contained
in this book. They do not assume, and hereby disclaim, any liability to any party for any loss or damage caused by
errors or omissions in this book, whether such errors or omissions result from negligence, accident or any other cause.
All the programs given in the book are Copyright of the Author and Elektor International Media. These programs
may only be used for educational purposes. Written permission from the Author or Elektor must be obtained before
any of these programs can be used for commercial purposes.

@ British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

® ISBN 978-3-89576-565-0 Print
ISBN 978-3-89576-566-7 eBook

® © Copyright 2023: Elektor International Media B.V.
Translator: Martin Cooke
Editor: Jan Buiting
Prepress Production: D-Vision, Julian van den Berg

Elektor is the world's leading source of essential technical information and electronics products for pro engineers,
electronics designers, and the companies seeking to engage them. Each day, our international team develops and delivers
high-quality content - via a variety of media channels (including magazines, video, digital media, and social media) in
several languages - relating to electronics design and DIY electronics. www.elektormagazine.com

® 4



Contents

Contents

e = T ol 8

ChapterlelIntroduction ......... ...ttt nnersnnnnnsssnnnnnssnnns 9

Chapter2 e DetectorRadios . ......ccivuneeerrnnnnessnnnnnssnnnnnssnns 11
2.1 TheDiode Radio . . . . oo i i 11
2.2 Headphone Adapter. . . .. .. i 14
2.3 A Detector for Shortwave . . . . ..o e 15
2.4 Silicon Diode Detector . . . . . . . . 17
2.5 Coils and Resonant Circuits. . . . . . . s 18
2.6 Resonant Frequency and Bandwidth. . . . .. ... ... ... . .. . . . . . . . . 20
2.7 The Vacuum Tube Detector . .. ... ... . . s 24
2.8 Diode Radio with Active Regeneration ... ... ... ... .. i 25
2.9 Regeneration using Tubes. . . . . ... .. . . . 27

Chapter 3 e Tube Regenerative Receivers . . . v v vt v v v s st s s snsannnnnnnnns 29
3.1 Triode AM RECEIVEIS. . o v vttt it et e et e e e e s 29
3.2 ATWO-stage ReCeivVer. . . . . i e e e e e 31
3.3 Audion Receiver with Regeneration . .. ... ... . . . i 32
3.4 Loudspeaker Operation . ... ... ... 37
3.5 A Regenerative Receiver using two EF95 Tubes. . . . ... ... ... it 37
3.6 A Shortwave Audion Type OV2. . . . . . . s 40
3.7 A 6 V Tube Regenerative Receiver . . . . ... . . . i s 41
3.8 Cascode Triode Regeneration . . . ... ... ittt e e e 42
3.9The 6J1 Tube Radio . . . . . ... 48
3.10 ATube Regen forthe 80 mBand. . . . ... ... . it 51

Chapter4 eTheTransistor Audion. . . . . ...ttt it it snsannnnnnnnns 53
4.1 AOne Transistor Radio. . . . . o ot i e e e 53
4.2 AShortwave PCRaAdIO . . v v oo o e e e e e e 54
4.3 Regenerative ReCeIVEr . . . v v it 55
4.4 Separated Feedback Paths . . ... ... .. . . . . . . e 57
4.5 Regeneration using an Emitter Follower . . . . . ... ... .. . . . i 60
4.6 A Medium Wave Receiver using the TA7642 . . .. ... ... i 61



Radio Builder's Book

4.7 ARetro Medium Wave Radio . . . . . . oot e 63
4.8 Shortwave Regen using an Emitter Follower . . . . ... ... .. ... ... . ... ... 65
4.9 AShortwave Retro Radio. . . ... ..o e 68
4.10 A 40-m Shortwave Audion with Regeneration . ... ........ ... .. .. ....... 70
4.11 Shortwave Regen Optimization . . .. ... . e 73
Chapter5e RFOscillators . .. ... .ottt e it nneesrtnnnnassnnnnnnsnnns 80
5.1 LC Oscillators . . . . . e 80
5.2 Crystal Oscillators . . . . . e 81
5.3 Amplitude Modulation. . . . . . . .. e 83
5.4 Crystal-stabilized Medium Wave Modulator .. ......... ... . . .. .. ..., 84
5.5 The ICS307-2 PLL Clock Generator . . . ... oot e e 86
5.6 A Programable Crystal Oscillator . . . . . ... .. e 88
5.7 CW Transmitter with an ELO5 . . . . . . . . . e 90
5.8 AM Tube Transmitter . . . . . . .o 93
5.9 A DDS Generator using the AD9835. . . . . . . . . . i e 94
5.10 The SIS351 PLL . . . . o e e e e 97
Chapter6 e Direct Mixers. . . . . v v vt et v nnnnernnnnnssnnnnnsssnnnnnssns 100
6.1 MiIXEr TYPES & o v it i e e 100
6.2 Direct Mixerusinga BF245. . . . . . .. ... 105
6.3 Diode RiNg MiXer. . . . v e e e 107
6.4 Direct Mixer using an NE6G12. . . . . . . ..o i 108
Chapter 7 ¢ The AM-Superheterodyne Receiver ........ ivuieertnnnnnnsnnn 111
7.1 An AM Shortwave Receiver usingthe TCA440 . . . . . . . . . i i it i e 111
7.2 AM/FM Radio using the CD2003GP. . . . . . . . i e e e 113
7.4 DRM RECEIVEN . v v i 114
Chapter 8 e IQ Mixers and Software DefinedRadio. . ... ...t iiinnnnnnnn 120
8.1 SDRAAIO . « v v 120
8.2 Image Frequency Rejection. . . . . ... ... 121
8.3TheIQ MiXer. . . . vt e e 122
8.4 Circuit Optimization. . . . . . .. . . o 125
8.6 Software Defined Radio with USB Interface. . . . ....... ... i 133
8.7 Arduino SDR Shield . . . . . . . . . 137





