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Preface

Discover the captivating world of radio technology and unlock the secrets of radio set
construction using this comprehensive guide. From the early days of the humble crystal
set to the modern wonders of Software-Defined Radios (SDRs), this book takes you on a
journey through time and technology. With detailed instructions and step-by-step illustra-
tions, you'll learn how to build and assemble various receivers to understand their various
strengths and weaknesses. Practical antenna design and amateur radio rigs are also cov-
ered in this inclusive handbook.

For many years in the early history of electronics, the construction of homebrew radio re-
ceivers was the most common entry point to electronics. Nowadays, there are many other
routes in, especially through the use of computers, microcontrollers, and digital technology.
The analogue roots of electronics are now often overlooked but radio technology is particu-
larly well suited as an introduction to electronics because you will be rewarded with early
success from even the most basic circuit. The connection to modern digital technology is
also obvious when it comes to modern tuning methods and the use of highly integrated
PLL, DDS and DSP radios.

This book aims to provide an overview and present a collection of simple projects to en-
courage budding engineers along the path of discovery. Now in its second edition, many
new projects have been added which include important circuits and cover most recent
developments. With this book by your side, you will go on to develop your own ideas and
design and test your own receivers.

Wishing you every success and crystal clear reception!

Burkhard Kainka, DK71D
www.elektronik-labor.de



Chapter 1 e Introduction

Chapter 1 e Introduction

Building radios is an old hobby that has seen something of a renaissance recently. In
addition to the classic and dead simple 'Foxhole’ crystal radio set and more sophisticat-
ed vacuum tube receivers right up to the more recent software-defined radio projects,
there are many aspects to the technology for newcomers to get their teeth into. Recent
improvements in semiconductor technology and integrated circuits have allowed sophis-
ticated features such as Direct Digital Synthesis (DDS) and integrated PLL technology to
be incorporated into home brew receiver designs to produce radios with surprisingly good
specifications.

This book provides an overview of radio technology and clearly explains the basics of ra-
dio receiver design. Using numerous circuits and building plans it guides you step by step
along the way. If you want to cook up a simple crystal set or vacuum tube regenerative
type receiver, you'll find all the recipes here. As your knowledge and confidence grows you
will want to develop your own circuits. That’s why the basics of resonant circuits, oscillator
configurations and antenna design are all explained clearly here.

Tuned Radio Frequency and Audion type receivers are a step up from the basic crystal de-
tector type receiver. They originally used a single vacuum tube to demodulate the received
signal and amplify the resulting baseband output. Receivers like this and simple transistor
radios for medium or shortwave reception can be built quickly and easily. They are a lot
of fun to play with and are a good way to gain knowledge of RF technology. Modern direct
mixing concepts using ring mixers and DDS or PLLs, or simple software-defined radios allow
the construction of universal receivers for amateur radio and digital operation. Many things
have become easier to build thanks to highly integrated modern chips, but it helps if you
also have the essential background information. In this book we only use components that
are easily obtainable. Elektor magazine has also created board layouts or finished assem-
blies and devices that can be sourced from its online store.

My own interest in RF technology comes from an early fascination with amateur radio; I
spent many hours in my youth building and using my own transmitters and receivers. After
a long break and following the introduction of new digital broadcasting standards such as
DAB and DRM my interest has been rekindled. The challenge for me now was to design a
receiver sufficiently stable to decode DRM signals reliably on the short and medium wave
bands. I spent time tinkering with vacuum tubes and studied how they were used back
in the early days. Although the anode HT was usually high voltage DC, here you experi-
ment with lower anode voltages starting from just 6 V to simplify experiments and make
tinkering less hazardous. Other topics explored here are IQ mixer design and building a
software-defined radio.

Personally, my interest in ham radio has also undergone a revival. For a long time, I had
accepted it would not be feasible to install a useful amateur radio antenna in the apartment
where I live now. With the help of newer techniques and improved measurement technol-
ogy, I have been able to build simple and inconspicuous antennas that allow reasonably
interference-free reception and can also be used for low power transmitting.
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Radio technology has always been a theme of my professional work. More recently I have
been involved in the development of kits for the Kosmos-Verlag and the Franzis-Verlag,
as well as articles and projects for Elektor Magazine. Work for the AK Modul-Bus company
brought new challenges and resulted in projects for school teaching programs and hobby
electronics. Some radio receiver projects on topics such as vacuum tube technology, DRM
reception, software-defined radio and DSP radio have been developed using AK Modul-Bus
products and turned into Elektor Magazine projects.

e 10
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Chapter 2 e Detector Radios

Tuning in to radio broadcasts without a battery or any other power source is only possible
with a crystal radio receiver. This simplest of all radio circuits has not lost any of its charm
over the decades. In the early days of radio technology, the crystal radio or Foxhole receiv-
er was a widely used concept. Today, just as 90 years ago, it serves as a great introduction
to RF technology. You don’t necessarily have to recreate authentic historical devices or use
homemade crystal detectors. Using a germanium or Schottky diode detector simplifies the
process of recovering the baseband signal. You also won’t even need an extremely long
antenna or highly sensitive headphones. Using an existing speaker amplifier, such as a set
of PC active speakers makes building your first radio a piece of cake.

2.1 The Diode Radio

The simplest receiver you can build consists of a long length of wire for use as an antenna,
a ground connection, a germanium (Ge) diode and a high-impedance headphone. The ger-
manium diode may be difficult to source so a modern Schottky diode can be substituted.
The radio needs no external power supply because the signal picked up by the antenna
provides all the energy necessary, which is why it needs to be relatively long. Usually, a 10
meter length of wire will do the job. This design assumes a high-impedance headphone of
2 kQ, but it will work just as well with a 600 Q type. Standard low-impedance headphones
of modern design are usually 32 Q but they can also be used with a suitable transformer
(see section 2.2) to provide impedance matching.

LDng Antenna
Ge-Dinde Y ;‘i%dphunes
Earth

Figure 2.1: The Diode Radio.

You can use any Ge diodes from type AA112 to AA144 or any Schottky diodes from BAT41
to BAT86. This simple radio is not selective, which means it receives all strong stations at
the same time. Unless a strong local station is overpowering all the others, you should be
able to hear some stations with fluctuating volume, especially at dusk.

To achieve desired selectivity, a resonant circuit consisting of a coil and tuning capacitor can
be added to the circuit. Using a tuning capacitor of up to 320 pF and a coil of 300 uH, will
allow the entire medium-wave band can be covered. The coil consists of 90 turns of wire
wound onto a 4 cm diameter cardboard roll to make the necessary air-cored coil.

o 11
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Figure 2.2 Diode receiver circuit with resonant circuit.

This radio is not very selective and doesn’t achieve much in terms of output volume. It's
important to carefully adjust the antenna and rectifier; this can be achieved by adding tap
or connection points along the receiving coil. In section 2.2, a medium wave receiver is
described which uses adjustable matching.

You may wonder why a diode is necessary in a receiver circuit. To answer that one you
need to delve into a little bit of radio theory. A transmitter broadcasts high frequency elec-
tromagnetic waves into free space via a transmitting mast. The broadcast radiates in all
directions and induces a small signal in an antenna at the receiving location. Transmitters
that send on the medium wave band transfer their information, such as speech and music,
in the form of amplitude modulation (AM) of the carrier frequency. The radio frequency car-
rier amplitude changes in time with the low-frequency (baseband) voice or music signals.

U

Figure 2.3: Amplitude modulation.

The received radio signal remains inaudible even in headphones because our ears are only
sensitive to sound pressure waves up to about 20 kHz. The low-frequency signal carrying
the voice and music information needs to be recovered from the radio carrier wave. This
is where the diode comes in; using just one diode you can demodulate the RF signal. The
average current of the rectified signal corresponds to the original modulated AF signal.

e 12
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Figure 2.4: Demodulation using a rectifier.

The first detector radios used crystal detectors. Lead sulfide (galena) or a piece of pyrite
crystal was used for this purpose. Both are sulfur compounds and occur in nature as ores
(lead ore; iron ore).

Figure 2.5 shows a crystal holder with a lead sulfide crystal from the early days of radio
technology. A spiral spring made of steel wire known as a cat’s whisker contacts the crystal
surface. The characteristics of the semiconductor junction formed at the crystal surface can
be tested with an oscilloscope component tester. You will need to experiment a bit to find
a suitable spot on the crystal surface and to recognize a typical diode characteristic curve
on the component tester trace.

Figure 2.5: An original detector crystal mount.

he crystal can be used successfully to build a diode radio. Numerous strong stations can
be heard without the need for any additional amplifier. Even today, it is possible to build a
detector using these natural minerals. Pyrite forms regular, gold-colored cuboid crystals in
rock. Lead sulfide is black with areas of metallic shiny facets on its surface. A sewing needle
can be used as the cat’s whisker detector. You will need to test various points on the crystal
surface until contact achieves a good rectification characteristic.

e 13
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i -

formed Pyrite and Lead sulfide.

i

Figure 2.6: Naturally

2.2 Headphone Adapter

Vintage circuit diagrams for detector radios assume that headphones shown on the circuit
will be high-impedance types with 2000 Q driver coils. These were standard back then.
Nowadays a typical set of headphones will use 32 Q driver coils which will be too low
to function properly in the original circuit. You can, however, use a small transformer to
provide the necessary impedance matching. A transformer salvaged from a small mains
adapter can be used here. If the mains adapter has switchable taps, (3/4.5/6/9/12 V) on
the secondary winding you may be able to use these to optimize the impedance match.
Remove the transformer and connect the secondary winding to the headphones and the
primary winding to the circuit where the high impedance phones would normally be con-
nected.

In a diode radio, correct antenna matching is the key to success because you cannot afford
to waste any of the received RF energy. The receiver coil, therefore, has several tap points.
Using a total of 80 turns of 'Litz’ wire on a 10 mm diameter ferrite rod, makes sure you will
be able to cover the entire medium wave band. Long antennas should be connected to a
lower tap of the coil to not overly dampen the resonant circuit at the input. Try connecting
the long antenna to each of the winding taps to find which one gives the best reception.
Two coupling capacitors are also shown connected at the coil end. Experiment with the
aerial connection, a higher value of capacitance results in stronger coupling.

a7p =
P Ge-Diode

Pl

22 =<
J -1 301
I00uH E- ._= Headphones
H E = 320pF nF II:‘H:I320

Figure 2.7: Low impedance headphones with transformer impedance matching.
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For such a simple radio, a good antenna is crucial. If your house is fitted with metal rainwa-
ter guttering, this can make a good antenna. The guttering should not have a connection to
ground potential. A zinc gutter will often be cemented into a drainage pipe near the ground
and thereby will be insulated. All you need now is a connection wire, and that should make
a really good antenna. In case the reception is still too quiet for headphones, you can con-
nect the output to a set of PC’s active speakers.

Another good antenna is sometimes the heating system of an apartment. Although the
pipes are usually grounded at some point, the total length of all the piping can effectively
act as a loop antenna. In many cases, this can result in high received signal levels.

2.3 A Detector for Shortwave

Looking at old "plans" to build detector radios, they are usually designed to receive signals
from local stations in the medium wave band. These stations are becoming rarer and may
even be unavailable now as more countries shut down their medium wave transmitters.
Some countries such as the UK, Italy, France, and Spain however still broadcast in the
band. Transmitting on shortwave has the advantage of covering much greater distances.
Many countries have their own international broadcasting services designed to inform and
entertain overseas listeners. The tried-and-true AM radio is, therefore, just as active on
shortwave as ever.

Tuning in to higher frequencies requires smaller coils which are much easier to make. While
a good medium wave coil needs a ferrite rod and a coil wound from hard-to-find 'Litz" wire,
on shortwave, you can use standard insulated copper wire. A special coil former with a
ferrite core is not required; you can use any insulated wire.

For the first attempt, a coil with a total of 25 turns with four taps should be wound. I used
the plastic body of a banana plug which measures 8 mm diameter but you could use a ball-
point pen body. Two holes spaced 1 cm apart help to fix the wire ends. Then, wind 5 turns,
make a tap point, and apply the next turns. The finished coil connections can be soldered
to a 6-way pinheader strip.

VS 1
W

g 1)

Figure 2.8: Dual trimmer capacitor and shortwave coil assembly.

e 15
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The entire radio can be built on an experimental plug board. Pins have been soldered to the
variable connections so that it can be easily plugged into the prototyping plug board. The
only thing missing is the diode and a headphone jack with soldered connection wires. The
advantage of this construction method is that it allows for easy experimentation to try out
other circuit mods.

«%Lﬁ

() llll;’((“IL-l ~ammw

Figure 2.9: Testing using a plug board.

The respective taps for the antenna connection and the diode on the coil can be experimen-
tally adjusted. This tuning capacitor is dual gang with both halves connected in parallel. If
only the upper range above 10 MHz is to be received, the lower-valued half of the tuning
capacitor rated at 80 pF will be sufficient.

Antenna

[l
@

T
fal

535 Wiy - Ej_ Crystal
240pF B0pF T Earpiece

J— Earth

Figure 2.10: Schematic of the shortwave detector.

The radio requires a high-impedance headphone, such as a piezoceramic crystal earpiece
or dynamic headphones with a 2 kQ resistor placed in series with each capsule. Low-im-
pedance 32 Q types cannot be used directly and require an impedance transformer (see
Section 2.2). Medium-impedance headphones with 600 Q can also be used directly.

A germanium or a Schottky diode can be used as the detector. Both of these diodes have

a low forward threshold voltage. A germanium diode also has reasonably low conductivity
in the reverse direction, which is important when using a high-impedance crystal earpiece.

e 16
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With a Schottky diode, the earpiece can become electrically charged like a capacitor. As the
charge builds up the diode is completely reverse biased. In this case, an additional 100 kQ
resistor should be connected in parallel with the earphone to dissipate any charge build up
to ground.

For best reception you need an aerial wire a good 10 m long suspended as high as possible.
But even a short 3 m length of wire hooked up high up around a room will provide reason-
able signal strength for initial trials. With careful tweaking of the tuning capacitor, several
stations will be heard with sufficient volume, especially in the evening. Often you will hear
two or three stations at the same time and tuning. The usual fluctuations in field strength
on shortwave reception mean that one station may be clearer than another at different
times of day. While individual radio bands are clear, nearby stations cannot be clearly sep-
arated. The selectivity of this radio design is not yet optimal.

The taps to the coil shown in the circuit diagram are only rough guidelines. Here you can
try to find the optimum balance between volume and selectivity, which is easily achievable
with the plug board construction method used here. The following rules of thumb apply:

e Lower taps points for the antenna and diode improve the receiver’s selectivity
but reduce output volume.

¢ Long antennas should be connected to one of the lower tap points. Connecting
to points higher up results in reduced volume and lower selectivity.

These relationships can be easily verified experimentally. Later on you will take a closer
look at the theory to support these general rules.

2.4 Silicon Diode Detector

Germanium diodes are rarely used nowadays. Silicon diodes are very popular for all sorts of
applications and the 1N4148 is the most commonly used universal diode. The circuit shown
in Figure 2.11 uses a silicon diode with an additional bias voltage applied. In addition, a
coupling capacitor is used here to connect the signal to an amplifier input.

Antenna
0.1uF
Si ¥
= |
a4 Wi "k Tk
g - - 100k aApplifier
240pF BOpF

_|_ 18Y

l Earth

Figure 2.11: Silicon diode detector with applied bias voltage.
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A silicon diode requires a forward voltage bias of around 0.5 V before any significant current
starts to flow. Since the received RF signal at the resonant circuit only rarely reaches such
high levels, you may not hear any recovered signal. Germanium diodes, however, have a
forward voltage threshold below 0.2 V so that smaller signals can be recovered. To over-
come the high threshold of silicon diodes, you can set up a small DC current of about 10 pA
to flow through the diode. This will forward bias the junction allowing received signals below
100 mV to be demodulated.

Although the circuit can be operated directly with headphones, it works better with a speak-
er amplifier. A set of active PC speakers, for example, will work well here. The built-in
audio amplifier provides sufficient amplification and a high input resistance in the order of
100 kQ. This results in less damping of the resonant circuit and gives better selectivity. In
addition, compared to using headphones, you can connect the antenna to a lower tap on
the coil to improve selectivity and boost volume level.

2.5 Coils and Resonant Circuits

In order to build each circuit described here we’ve provided the necessary inductance and
specific measurements. However, sometimes you may need to modify the circuit or use a
different coil body; in that case, you'll need to determine the number of turns yourself. It's
also possible that you have some old coils salvaged from redundant equipment that you can
modify and adapt. Regardless, it's useful to know how to calculate coils yourself.

There are basically two types of coils: those wound on a magnetizable core (like ferrite
or iron powder) and those without a core, known as air-core coils. Let’s focus on air-core
coils first. For instance, a coil for a shortwave resonant circuit has 20 turns, a diameter
of 16 mm, and a coil length of 35 mm. It has an inductance of approximately 3 pH and,
when combined with a variable capacitor up to 300 pF, can reach a lower frequency limit of
around 5.3 MHz. We'll show you how to calculate this and introduce a simple tool that can
make the process easier.

Figure 2.12: Air-core coil construction.

In general, the following formula applies to a long coil where / > D where n is the number
of turns, A is the cross-sectional area in square meters, and / is the length in meters:

e 18



