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“Experimenting” for the radio amateur is that aityithat occurs when a new idea is
committed to practice. This usually includes buitgor “homebrewing” some
circuitry, but that is only part of the processalko includes the planning, analysis,
measurement, evaluation and packaging that accaagpte building. The art of this
collected activity is what we call design.

Chapter 1, Getting Started

1.1—Experimentation, “Homebrewing,” and the Pursifiithe New: This is a brief
philosophical comment regarding our views on thHgestt at hand.

1.2—Getting Started—Routes for the Beginning Expenter: We begin with a
discussion of construction methods, which emphasieadboarding, or one-of-a-kind
building.



1.3—Some Guidelines for the Experimenter: A coltecof hints and pitfalls related
to success in experimenting is presented, obsensthat we have (sometimes
painfully) made.

1.4—Block Diagrams: This section briefly descrilties block diagrams used through
the book for the systems we build.

1.5—An IC Based Direct Conversion Receiver: Thise receiver is a wonderful
first project, offering good performance on anyeVeral bands.

1.6—A Regenerative Receiver: Many readers willaialy ask “why would anyone
ever build a “regen” receiver in this modern ageefg are many answers, but the
strongest is that the mere act of using such eqgmpis an experimental experience.
The philosophy of adapting the design to fit avaegparts is in keeping with the rest

of the book.

1.7—An Audio Amplifier with Discrete Transistorshib is a simple design that folks
can build to drive a small speaker when they dbatte an audio IC available.

1.8—A Direct Conversion Receiver Using a Discretarfponent Product Detector:

This design shows a simple DC receiver using @fftial amplifier as the detector.

The local oscillator is varactor diode tuned areltiodel shown uses surface mount
technology (SMT.)

1.9—Power Supplies: This section address the nepdveering the equipment and
test equipment used by the beginning experimeStane simple supply designs are
offered that use readily available regulators.

1.10—RF Power Measurements: We will shortly be gméag a transmitter, so we
need a way to measure radio frequency power. Pow#ars using a termination and a
diode peak detector are offered. Some dual designsuggested, allowing
measurement over a wider range. An RF probe ispssented that can be used with
a traditional VTVM or FET equivalent.

1.11—A First Transmitter: This section follows tikesign of a simple transmitter,
here operating on the 40 meter band. The desigis stdah a crystal oscillator. After
building and testing this, we add a buffer amplifiehe output of this stage is studied
and measured. Then a 200 milliwatt output ampliBeadded to realize a low power

transmitter that is still suitable for use on tire a

1.12—A Bipolar Transistor Power Amplifier: A simglerick” is built to bring the
output up to a much more practical level of 2 wats inexpensive transistor is used.

1.13—An Output Low Pass Filter: The transmittet gesscribed may not be useable
on the air owing to excessive harmonic output.v@obuilt a filter that can be added
at the output. This filter is built as an isolataddule so it can be used with other
designs. This section concludes the transmittexdayng shaped keying,
transmit/receive switching, a power output contaosjdetone oscillator, a spot switch,
and some tuning in the oscillator to achieve som@©\Action. This transmitter has



been used with the IC Based Direct Conversion Receiescribed above for contacts
on the 40 meter band.

1.14—About the Schematics in this Book: We have erafew departures from
standard ARRL practice. Probably the most significae is that we try to put a lot of
data directly into the drawing, including coil dataen possible. This allows us to
bypass the parts lists otherwise used.

Chapter 2, Amplifier Design Basics

This chapter is the first in four aimed at the gtafifundamental circuit types, with
this chapter devoted to amplifiers. This follows format of Solid State Design for
the Radio Amateur, SSD, where modeling and amplifasic design ideas were
integrated with some practical examples.

2.1—Modeling Simple Solid State Devices: The chapégins with some basic ideas

of modeling, illustrated by the junction diode. Tdiede is modeled as a perfect diode

in series with a battery and resistance. A moreptmated mathematical expression is

then offered. A small-signal model is contrastethuie large signal one. The diode

behavior is then extended to generate a bipolasistor, modeled as a combination
of diodes and a dependent current source. Smakilsigodels are derived for the

transistor. The large signal model is now appliesskd to analyze methods for biasing
the part. Similar discussions are presented fojuhetion field effect transistor.

2.2—Amplifier Design Basics: Amplifiers are now died with small signals. We use
the models to calculate voltage gain for some sengptuits. Input and output
resistance are also calculated. The discussioxten@ed to FETs and to some high
frequency effects.

2.3—Large Signal Amplifiers: The basic models ukediasing can also be used for
analysis of circuits with large or practical (resijnal levels. These are the levels we
might find well into a receiver system, or in awaitter. Some distortions are
studied, illustrated with a simple emitter followérClass-A power amplifier is then
considered.

2.4—Gain, Power, dB, and Impedance Matching: Tipasameters are all defined,
definitions needed throughout the book. The refbactoefficient is introduced.

2.5—Differential Amplifiers and the Op-Amp: A spatcircuit type is presented, the
differential amplifier. One ideal diff-amp is th@-@amp, a form now discussed. The
basic rules for application are presented.

2.6—Undesired Amplifier Characteristics: Some uir@elscharacteristics of any
small signal amplifier are presented. These inchmlse, gain compression, harmonic
distortion, and intermodulation. The intercept ideantroduced.

2.7—Feedback Amplifiers: We now present one offauorite circuits, the single



transistor “feedback” amplifier. This is presenteith design equations that allow the
experimenter to design his or her own versions.&advanced forms are presented.
Practical design information is presented. A progom the book CD, FBA.EXE, also
considers feedback amplifiers. In that analysimoae refined (hybrid-pi) model is
used for the bipolar transistor.

2.8—Bypassing and Decoupling: This section discufise critical, and often
neglected problems of bypassing and decoupling.differences between the two are
emphasized. The problems with most bypass capadganodeled by a small
inductor in series the larger capacitor. The pnolsief paralleled bypass capacitors
are examined.

2.9—Power Amplifier Basics: The next section dedth RF power amplifiers,
beginning with a discussion of amplifier operatabass.

2.10—Practical Power Amplifiers: Several pract@aiplifier types are presented,
augmented by example circuits. The informatiornxigamded from bipolar transistors
to include power MOSFET types, again with practexemples for both CW and
SSB use. Experimental technique is emphasized. &ffimency considerations are
given.

2.11—A 30-W, 7-MHz Power Amplifier: The chapterfisished with a practical
example, an amplifier capable of over 30 watts ougb 7 MHz or higher from a $1
HEXFET.

Chapter 3, Filtersand Impedance M atching Circuits
3.1—Filter Basics: This chapter begins with sonterfidefinitions.

3.2—The Low-Pass Filter—Design and Extension: Aulsion of low pass filters.
They are basic to all other filter types, but an@ortant in themselves. Design
equations are given for some Butterworth and CHhedytow pass filters, and are
illustrated with examples. A variety of transforimat are considered, allowing a low
pass design to be converted into a high pass,dpbas, and even a band stop filter.
Note that the numeric details here are simplif@dttie reader by one of the included
Windows © software programs, LowHi.EXE.

3.3—LC Bandpass Filters: This section introducesidea of Q and deals with LC
bandpass filters as coupled resonators or tanksefrtphasis is on the design of
double and triple tuned circuits with practicalcaracterized components. Programs
DTC.EXE and TTC.EXE simplify double and triple tauhleandpass filters designs.
Higher order designs are possible with the samevaoé.

3.4—Crystal Filters: The next section deals witlardg crystals, their evaluation and
modeling, and their application as bandpass filt&nsiple circuits are presented for
practical measurements as well as simple filteudis. This is expanded to the design
of more complicated crystal bandpass filters. Féteape is discussed with regard to
ringing. This section of the chapter is augmentgtiMindows © programs



XLAD.EXE and FINETUNE.EXE, which expedite the crgstilter design
procedures.

3.5—Active Filters: RC active filters appear in thext section. Design equations are
given for several simple types. The all pass filgrase shifting network) is briefly
discussed and applied to an unusual analog fyipe, ta FIR filter, usually only
considered possible with digital signal processing.

3.6—Impedance Matching Networks: This section begiith a discussion of the
directional nature of impedance in a circuit. Thassic L, pi, and Tee networks are
discussed with included design equations. Transomsges then provide impedance
matching, followed by ideal transformers using poik@n and ferrite cores. The
ferrite loaded transmission line transformer isspreéed, including some popular
forms using multiple cores. The section then mdodbe discussion of networks with
more than just two ports. These include the splitenbiner, diplexers, directional
couplers, and quadrature couplers.

Chapter 4, Oscillators and Frequency Synthesis

The vital function of generating a signal for uséransmitters and receivers is the
basis for this chapter.

4.1—LC Oscillator Basics: The chapter begins wigsatiptions of an oscillator
circuit as an amplifier combined with a single tdroércuit. We then ask the question:
Will it oscillate? This moves to a discussion ofrsobasic LC oscillator types. The
similarities of the Colpitts and Hartley forms amphasized. The Colpitts variations
of the Clapp, Seiler, and Vackar are presented.

4.2—Practical Hartley Circuits and Oscillator Difbmpensation: The next section
presents the Hartley as an example and considegzdilem of temperature
compensation.

4.3—The Colpitts and Other Oscillators: Practicadigns are presented that can be
scaled to a needed frequency. Circuits considexddde the Colpitts, Clapp, Seiler,
and Vackar.

4.4—Noise in Oscillators: The underlying concepts@esented. Mathematical
forms are available for those interested. Nois®dge illustrated with intuitive
discussion and some circuit examples that can lailguuilt to be examined by the
experimenter. One is a very good (low noise) chysaillator while another is a very
poor (noisy) circulit.

4.5—Crystal oscillators: The discussion is pratticecluding several examples of
VXO circuits, for they are very popular among exmpenters.

4.6—Voltage Controlled Oscillators: The VCO is nthve most common oscillator
form. This results from synthesizers having repdiaitee running LC oscillator



systems. A related problem is that mechanicalljabde capacitors are disappearing.
The VCO is illustrated with some practical circuitkere we have measured both
tuning frequency Vs control voltage and oscillatorse. One circuit is used later in
the book in a QRP transceiver.

4.7—Frequency Synthesis: The chapter moves towanttesis with a discussion of
mixers that operate as phase detectors. This septed in experimental terms with
measurements we performed. The characterized pletsetor is then combined with
a VCO and an op-amp that functions as a “looprfilie generate a phase locked loop,
PLL. This is a traditional 2nd order loop. A sidebeesents an even simpler 1st order
loop. Next, a practical example, a 1-on-1 offsel B built. This was a 14 MHz VCO
that was phase locked to a 1.5 MHz reference. T8wuslsion continues with PLLs
using programmable digital frequency dividers. €xamples use general purpose
logic components, but can be extended to includeigppurpose digital chips. Direct
digital synthesis, DDS, is briefly presented angkasizes the basic character of the
function that will generate spurious outputs. A swead example is presented.

4.8—The Ugly Weekender, MK-II, A 7-MHz VFO Transteit: The ideas presented
earlier in the chapter are now illustrated withragtical project, a version of a 1981
design, the “Ugly Weekender.” This 1.5 watt QR s$raitter uses an LC Hartley
oscillator.

4.9—A Digital Dial: A simple frequency counter ugimexpensive HC type CMOS
integrated circuits. This circuit will function teearly 50 MHz with modest current,
simplicity, and low cost.

4.10—A General Purpose VXO-Extending Frequency I&sirzer: The chapter ends
with a PLL frequency synthesizer. This design aggehigh tuning resolution by
programming of the reference divider ratio.

Chapter 5, Mixersand Frequency Multipliers

5.1—Muixer Basics: Our study of mixers begins witbRET example. After DC
characterization, the FET is used as a mixer. Mp@ation results from the nonlinear
behavior of the active FET while linear behaviooguces no mixing. A diode is
applied as a switching mode mixer, illustrating ¢tieer common form of mixer
circuit.

Mixer specifications and the related measuremaetshe@n considered. The familiar
gain and impedance specifications are augmentédpaitameters for spurious
responses, a major mixer problem. Many of the gaanameters that describe

amplifiers can be applied to mixers. These includise figure, gain, and intercepts.

5.2—Balanced Mixer Concepts: We now begin a mowatd practical circuits with
a discussion of balance mixer concepts. JFET, MAOSBEd diodes are all presented
in balanced mixers.

5.3—Some Practical Mixers: The next section defueher with a discussion of the
Gilbert Cell mixer. This is illustrated not only thioff the shelf integrated circuits, but



with a version built from discrete components. Wespnt measured results for
conversion gain, noise figure, intercept (thirdesjdand even spurious responses.
Single ended mixers are considered that use dtaM@SFETs and cascode
connected JFETs. Next, diode ring mixers are pteddan more detail with emphasis
on the problems of proper termination. This is ede to high level mixers,
including an interesting mixer using four MOSFETS.

5.4—Frequency Multipliers: After a brief discussioinsingle ended bipolar and JFET
multiplier designs, diode circuits are considerBae popular balanced diode
frequency doubler is characterized with measuréa. danew “twist” on this classic
circuit affords slightly higher output power. Somaovative frequency triplers are
then presented, designs that offer very low ndiselly, digital integrated circuits are
considered for odd order multipliers.

5.5—A VXO Transmitter Using a Digital Frequency Mplier: One of the
multipliers discussed uses a digital divider toegate a square wave rich in odd
harmonics of half of the input frequency. The réagloutput signals are not
harmonics of the input, and are on frequencies avedly from the input. This
“multiplier” with a factor of 3/2, 5/2, etc, is aar ideal isolation circuit. A transmitter

project is presented using this concept.

Chapter 6, Transmittersand Receivers

Having examined fundamental components, we nowidensg/ays to put those parts
together to build effective receivers and transmstt The signal forms that interest us
include CW, AM, DSB, SSB, and FM. The interest il As mainly because it is a

step on the road toward SSB. FM is included onhctompleteness.

6.0—Signals and the Systems that Process Thenmchdper begins with a
mathematical examination of the various signal $yad block diagrams of the
equipment we might use to generate the signalsidteavithout an interest in

mathematical things may well wish to skip thistfgection.

6.1—Receiver Fundamentals: We begin with a loatoatmonly available
headphones, which are probably the most effectasetay translate the electrical
signals from a receiver into audio energy that am lzear. The underlying question
asks how much signal power is needed to drive Heaths to a useful level. This will
allow us to design receivers that we can use tenig signals. The noise limits of the
antenna are easily reached in an experimentaltdioewersion receiver built to
illustrate the concepts. This leads us to a disonss receiver minimum detectable
signal (MD) and noise figure.

The role of rf amplifiers in determining noise frguand MDS now comes into the
picture. Some typical RF amplifiers are presended, discussed with regard to
optimum design. A common gate JFET amplifier emjzegsthat the amplifier with
an input impedance match for best gain is not stlat producing lowest noise
figure.



6.2—IF Amplifiers and AGC: IF amplifiers are a arél part of most super-
heterodyne systems. Several methods are presemtatiszussed. Special emphasis is
given to amplifier schemes that fit with componspies that are still available to the
experimenter. A complete IF system will usuallylitte some automatic gain control,
or AGC, so envelope detectors are needed. Sometidatschemes are presented.
They are then combined with the IF amplifiers ar@ &nplifiers to form complete IF
systems suitable for receivers.

6.3—Large Signals in Receivers and Front End Desimnow examine the affects
of large signals in a receiver front end. This fetaldiscussion of receiver dynamic
range as well as intercepts. The viable mathematiethods are presented that allow
a multiple stage system to be investigated fora@ed noise figure and cascaded third
order intercepts. The methods can also be appiredgh CASCADE.EXE, a
Windows © program included with the book CD. SelVegaeiver designs are
considered to illustrate the concepts. A practigaheral purpose monoband, diode
ring based receiver front end is presented thabeamsed in numerous applications.
This is applied in the EZ90-14C, a receiver confeglto easily provide a dynamic
range beyond 90 dB at 14 MHz CW. The receiver desigas are further illustrated
with a high performance 14 MHz CW receiver. Thisaiger is the present
incarnation of the “Progressive Receiver, “ a 168%ign.

6.4—Local Oscillator Systems for superhets areusised next. The emphasis is on
methods to achieve a spectrally pure output thabeaused at HF and VHF.
Shielding schemes are presented, as are the votusslated function modules.

6.5—We now delve into the fascinating problem ot&weers with Enhanced
Dynamic Range, our so called “competition gradeereers. Several schemes are
presented, both in block diagram and in circuitrfolhe ultimate example offered is
what we have named the “Triad” receiver, whichdea¢ a switching mode MOSFET
mixer followed directly by a crystal filter with estant input impedance. The
resulting receiver has a 10 dB noise figure withrgout 3rd order intercept of +45
dBm. This far exceeds anything presently offeredoercially to the amateur radio
market.

6.6—Transmitter and Transceiver Design: We neetstratters to go with our
receivers. A discussion of transmitter design bewiith the usual SSB equipment we
use where mixers generate the output frequenci&SR transmitter differs little
from a receiver except in the direction of sigrieif Linear power amplifier chains
(from microwatts up to a few watts) are then disedlsand illustrated with some low
power examples. Balanced modulators using diodgs ramd pairs as well as Gilbert
Cells are presented and combined with the transniitsystems discussed. Some
circuits vital to transceivers are presented, idicig bi-directional amplifiers.

6.7—Frequency Shifts, Offsets and Incremental Tgiinese are straight forward
details that can add a lot to equipment functidyali

6.8—Transmit-Receive Antenna Switching: The prolderhtransmit-receive
switching at the antenna are discussed with emgloaiselectronic switching
schemes. Examples up the 100 watt level are pexbent



The chapter ends with several projects.

6.9—The Lichen Transceiver: A Case Study is a mandiSSB design offering very
high dynamic range. Although the unit shown operatdhe 75 meter band, it can be
adapted to other HF bands.

6.10--The next design example is “A Monoband SSB/Q\hsceiver.” This circuit
is highly flexible and can be placed on any sirgfad between 1.8 and 144 MHz
when suitable filters are used. The version preskeaperates in the 6 Meter band.

This design offers several circuit modules thatlvamsed in other transceivers.

6.11—A Portable DSB/CW 50 MHz Station. The finasdgm example is a portable
rig for 6 Meters featuring a receiver with a crystantrolled converter driving a direct
conversion receiver. The transmitter for the pdeaation uses an unusual VXO
scheme to develop a DSB signal.

Chapter 7, Measurement Equipment

Although this chapter contains pages devoted dpaliyf to test equipment,
measurement concepts are integrated throughobbtiie We hope to convey the
idea that measurement is a vital part of any erpantal effort.

7.0—Measurement Basics. The chapter begins witresggmeral philosophy
regarding measurements. In situ measurements aneaced with the substitution
methods often used in RF work.

7.1—The first sections comments on simple DC mesmsants. A simple voltmeter is
presented for use with other circuits within theko

7.2—We now consider the oscilloscope. Basic corscam presented, including an
explanation of a ‘scope probe and it's applicatidmpaper on the CD expands some
on the subject.

7.3—The next subject covered is that of RF Poweaddeement. This is vital to
anyone building a transmitter, although our applice also extend to receiver LO
chains. Some of the several power meters presanéesknsitive enough that they can
easily measure signals off the air (from antenaad)can be used with signal
generators for gain measurements on amplifierahBuapplications are found in a
power meter paper on the book CD. Several paragrdgal with the special problems
of RF power measurements with an oscilloscope.

7.4—Attenuators are used to reduce the amplitud®odignals in a specified
impedance environment while preserving that envirent. Design equations are
given for several forms, and examples of powemnatiéors are shown.

7.5—Measuring Frequency, Inductance, and Capaeitarie problem measuring
frequency is easily solved with a suitable courderexample circuit was given in



Chapter 4, and commercial units are widely avadaBIince one has the ability to
measure F, L and C are easily done with some egisstandard” values. This is done
with a suitable general purpose oscillator.

7.6—Sources and Generators: Many of the measurementlo require a source of
energy. The first example circuit presented isw@fi@oscillator that we have used for
the testing and adjustment of SSB transmitters.ofenelaborate audio generator is
then presented for two-tone testing. The nextpmasented is a general purpose RF
source, providing outputs from 3 to 45 MHz in atielely simple design. While this
lacks the shielding needed to qualify it as a teignal generator,” it is suitable for
extensive lab work when used with a step attenu@itog next unit describe is a
“signal generator extender.” This is a simple duat twill allow a generator (such as
many surplus HP units) that functions only dowd@MHz to generate well defined
outputs at frequencies down to audio.

The discussion of generators continues with a Bskpecial crystal controlled
sources. One example generates a stable 6 Meted siging an off-the-shelf crystal.
Next, weak signal sources for MDS measurementdiaceisses. These are extended

to crystal controlled sources for intercept measierds, vital when experimenting
with wide dynamic range receivers. The detailsuzhsmeasurements are presented.

7.7—Bridges and Impedance Measurement are presientieel next section. The first

bridge presented is a general purpose RF resishaitge. This circuit uses a
sensitive power meter or spectrum analyzer asextbgtand is suitable for

measurements between 10 and 1000 Ohms in the laifesf the HF spectrum.

Methods to extend the measurements to higher frepere suggested. The return

loss bridge, or RLB, is then discussed in moreidéata are given to build effective

bridges up through VHF. Bridges and integral traasimes are also presented in this
section.

7.8—Spectrum Analysis is the subject of the negtise. Most of the discussion in

the book relates to basic concepts of spectrunysisallhree papers are included on

the book CD that show how to build a high perforoethigh 11P3) analyzer suitable
for advanced measurements. This section presemis gpplication information,
including ways to measure harmonics with a SA. Sepezial purpose spectrum

analysis tools are shown, suitable for IMD test@SB transmitters. This includes

an adapter that allows such measurements to bevdtn&FT (Fast Fourier
Transform) type analyzers on a personal computancscard.

7.9—Q Measurement. In the past, the well equipped.&b included a commercial Q
meter. Such a special purpose instrument has Jabgein replaced by more general
instruments, including a vector network analyzeithis section we show how to use a
spectrum analyzer with a step attenuator and sgmalce to measure the L and Q of
inductors. While we can do this via bandwidth measents, we obtain better results
with trap measurements.

7.10—Crystal Measurements. There is considerabdeast in building crystal filters
for communications gear. The book CD includes saféafor this purpose and
Chapter 3 discussed it in detail. The methodseaglliire knowledge of the parameters



that model a crystal. This section shows how temeihe these motional parameters,
including Q with a variation on the methods of inevious section.

7.11—Noise and Noise Sources are the subject af@kesection. The basis for this
Is a paper by Sabin that is included on the bookiliZDallows a simple noise source
to be built. This source can be calibrated. Oncali@ration is done, the source can be
used to measure the noise figure of receivers,iierp| and even mixers with the
methods presented here.

7.12—Assorted Circuits presents some test geadttatt fit into other slots, but we

still felt was useful. One is a simple circuit tleain be used with a signal generator for
AGC testing in a receiver. Another unit is a gehptaipose receiving converter,

handy for testing both receivers and transmittévsluation of noise in receiver local
oscillator systems is discussed and illustratedrbgvaluation of a unit rich in

spurious responses at discrete frequencies rdfatbeé direct digital synthesizer used
in the receiver. Finally, a simple oven is preséntat may be used to measure

thermal drift in oscillators and to realize tempera compensation of those designs.

A paper on the book CD extends this work.

Chapter 8, Direct Conversion Receivers

8.1—A Brief History. The chapter begins with histotomments going back to the
very first ham receivers, followed soon by crystetis augmented by local oscillators,
then replaced by regenerative designs. By the etitedl960s, early direct conversion

receivers had been built, but considerable workefso be done. It was not until

1980 that solid state DC receivers started to agmbreheir full potential.

8.2—The Basic Direct Conversion Block Diagram. Tihisck is the basis for analysis
of the functions found in a DC receiver. Some desigse diode rings while others
mix with “gain blocks” such as a Gilbert Cell. Vdmgh audio gain is a vital part of a
typical DC receiver. This section features a midistairect conversion receiver.
This is what we consider to be the simplest DCivetene might wish to build while
still offering clean performance. A clean direcheersion receiver can form the basis
of a clean superhet. Section 12.3 shows a simplerbat based on this design.

8.3—Peculiarities of Direct Conversion. Althougle thlock diagram is simple, the dc
receiver has characteristics that add challengfestconcept. These include, but are
not limited to high audio gain, local oscillatodration, transients in LO radiation and
reflection, Doppler effects, tunable or common mbdm, and AM demodulation.
Eliminating or controlling these problems is disses.

8.4—Mixers for Direct Conversion Receivers: Numerdevices have been used for
this application, but only a few are considereceh&@enerally the diode ring is
preferred over a Gilbert Cell. Passive FET mixsrgitching mode) will certainly
come into their own in the next few years. Someroemis are made regarding excess
noise sources that become important in DC receipplications.

8.5—A Modular Direct Conversion Receiver: This g@tis essentially an update of



earlier work. The various modules or elements smhlock are considered with
recommendations.

8.6—DC Receiver Advantages: DC receivers have ilapbdifferences from
superhets, and for the very best competition goadaboratory grade HF receivers,
superhets will continue to dominate. For other @pgibns, Direct Conversion
receivers may have significant advantages. Sontfgest advantages are described
here.

Chapter 9, Phasing Receiversand Transmitters

9.1—Block Diagrams: Blocks for familiar super-heyne transmitters and receiver
are presented along with similar functions usingsoig. Hybrid systems with both
methods are also considered.

9.2—Introduction to the Math: This section presehesbasic parts of the
mathematics used to develop the equipment of tiapter. Although there is a lot of
math here, it should be within reason for the persith a technical education. Those
without the background may want to skim throughgéetion to pick up some salient
features. This presentation differs from the tiadél in using a phasing receiver as
the basis for analysis.

9.3—From Mathematics to Practice: The detailed eratitics can be literally
interpreted in terms of circuit development. Whppraximations are made in the
mathematics, simplified circuits result. These gegrade-off factors and risks are
discussed. The more complete and literal interpogtas recommended.

9.4—Sideband Suppression Design: The reason wehasing in a direct conversion

receiver is to suppress the response of one sidebaer that of the other. So,

sideband suppression becomes a measure of howa @edlign performs. The first

question addressed is a determination of just holnsuppression is needed for

practical communications. The question was of aoarswered with experiments.

But the answer is often subjective, dependent orapplication. Then, we use the

approach of analyzing the difficulty involved inhéeving various levels of

performance. The benchmarks considered are resaiesigned for opposite

sideband suppression of 20, 30, 40, and 50 dBpidl@lems of systems of 60 dB

suppression and beyond are even considered.

9.5—Binaural Receivers: A cousin to the phasing € receiver is a DSB type DC
receiver with a binaural audio response. Whileghgemo selectivity that causes one
sideband to be suppressed over the other, tharpasceived spatial relation between
information in one sideband over the other. Itasgible to attach audio networks to
these receives to achieve independent sidebarebstatput. The receivers presented
in this section illustrate adjustment methods ndedeealize optimum sideband
suppression.

9.6—L0O and RF Phase-Shift and In-Phase Splitter{@oen Networks: The
networks we have mainly used are the quadraturesplfor realizing 90 degree



phase differences. These networks can be buitttht RF and audio, where the typical
audio versions use pot cores. Wideband responsesssble with a cascade of
guadrature networks. The dominant audio phaserstiiftorks use RC active all-pass
structures. Considerable discussion is devoteldeaetails of these networks. Not
only are they significant for the 50 dB sidebandmession designs, but the simpler
networks are important for the less stringent dedsan

9.7—O0ther Op-Amp Topologies, Polyphase Networks2B8& Phase Shifters:
Numerous other schemes have been offered for thgepdontrol function needed in
phasing equipment. Comment is offered here reggusiime of this work. The
schemes offer opportunity for the builder/experiteen

9.8—Intelligent Selectivity: Comments regardingiopzation of opposite sideband
suppression. The emphasis here is experimental—w/Ipatceived by the
builder/experimenter who listens to his or her neses.

9.9—A Next-Generation R2 Single-Signal Direct Caisu@n Receiver: Discussion
begins with a list of project goals, followed bplack-by-block circuit description.
This design uses separate boards for the variowsiduns, including a RF amplifier
with high reverse isolation. The gain distributizas been altered from earlier
designs, resulting in enhanced dynamic range. dhgonents used have 1 %
tolerances, but are then user selected to 0.1 Poandligital volt meter. Extreme
attention is devoted to low distortion design. Mistare presented for phase and
amplitude trimming. An example of the “R2-Pro” auhd in Chapter 12.

9.10—A High Performance Phasing SSB Exciter: Tragieof a very high
performance phasing SSB exciter is described jrsgantith the significant differences
between phasing exciters and phasing receiverssighal levels in the design are
based on measurements of standard level packagee kding mixers. Emphasis is on
low distortion, low noise off-channel, and oppositgeband suppression near 50 dB.
Circuitry is also included for a high performanc8mBexciter and one for very low

distortion AM.

9.11—A Few Notes on Building Phasing Rigs: Someroamis are presented with
emphasis on complete transceivers. The ideal sysseseparate blocks for each
function with only a LO system being shared. Sotieiofactors discovered,
sometimes painfully, are outlined.

9.12—Conclusion: There are some situations wheasipp based designs are
preferred over a super-heterodyne system. Thes#ismessed here. Above all else,
we encourage the builder/experimenter to try sohtkeoideas in his or her own
home lab.

Chapter 10 - DSP Components
Digital Signal Processing (DSP) implementationsicfuit functions are presented in

this chapter. Often these are direct substitutionanalog functions such as
oscillators or filters. In other cases, functionslsas large filter banks can be



implemented through Fourier transforms that wowddrbpractical with analog
implementations. This chapter offers details orlact group of these DSP
“‘components” that can be used to build portiona cddio system. No attempt is to be
encyclopedic, rather enough detail and refereneeprasented to allow
implementation of these building blocks.

The Analog Devices ADSP-2181 EZ Kit is used asa#f@m to show real computer
program snippets of many DSP components.

DSP programs for many of the components of thipteraare included on the CD-
ROM that accompanies the book. These are in ADSénatsly language as well as
assembled into read-to-run programs.

10.1 — The EZ-Kit Lite describes the platform ahd motivation for using this type of
device. Measurements of the input and output dyoaamge are shown along with a
discussion and measurement of intermodulation sfféctable shows possible
alternatives to the EZ-Kit.

10.2 — A Program Shell presents the minimal DSRBnara that is needed for any of
the components. The use of program interruptssisudsed along with the specific
implementation of A/D and D/A interrupts used byatag Devices. A sidebar later in
the chapter presents considerable detail on thefusesd-point (not floating point)

numbers to represent “Voltages” inside the DSP.

10.3 — DSP Components looks at Amplification anteAmiation of signals, including
the roles of shifting and multiplication.

10.4 — Signal Generation gives details of the gatrer of sine waves for use as
internal functions and externally through D/A corteges. Using this generator as an
example, the use of Index Registers for data airatfsee DSP is covered.

10.5 — Random Noise Generation shows the generaftivhite noise at known levels
by using random number generators. Both uniform@adssian distributions are
covered.

10.6 — Filtering Components are presented in twm$o The IIR filter is shown for

simple applications, such as might use R-C anadagponents. Then, full details,

including a design program, are given for FIR fdtePerformance tradeoffs are
shown.

10.7 — DSP IF shows combinations of DSP comporterisoduce an intermediate-
frequency processing system.

10.8 — DSP Mixing shows the Double-Balanced Mixeaisingle DSP multiplication
instruction.

10.9 — Other DSP Components shows the use of gie t@mponents to implement
Automatic Gain Control, FM Transmission and FM Rsim.



10.10 — Discrete Fourier Transform presents the &=an analog to Filter Banks.
Implementation, spectral response, power extraciiod windowing are all covered.

10.11 — Automatic Noise Blankers are shown in biddgram form.
10.12 - CW Signal Generation is presented as alsifopm of amplitude modulation.

10.13 — SSB Signal Generation is covered in muthilde Chapter 11, but this
section concentrates on the reduction of SSB disto(splatter) by the application of
a technique called “Predistortion.” This is anoteeample of a process that is
particularly practical in a DSP implementation. &esare shown for a simple system,

and a block diagram shows a more complex implentienta

Chapter 11 - DSP Applicationsin Communications
The components of Chapter 10 are used to buildiatyaf applications.

11.1 — Program Structure outlines a simple sch@mading periodic interrupts to
synchronize the program operation while still emgyithat all tasks are performed as
needed.

11.2 — Using a DSP Device as a Controller perfaramgrol functions normally
associated with a micro-controller. The DSP driaed. CD display as well as reading
a rotary knob encoder and several switches, toigeeav general interface. Program
details are shown.

11.3 — An Audio Test Box uses the knob and display of section 11.2 to control a
DSP generator providing two precision sine waves@aussian noise. All levels and
the sine-wave frequencies are adjustable

11.4 — An 18 MHz Transceiver uses the Chapter h@poments to make a SSB/CW
transceiver operating in the 18 MHz amateur bai@ldirect conversion of Chapter 9
is implemented in DSP for both reception and trassion. Vector error correction is
applied in the DSP for improved sideband rejectiinaural reception is added by
the delay method. A 5-Watt amplifier is included.

11.5 - The DSP-10 2-Meter Transceiver is an examigeDSP-based transceiver
using a computer for a front panel. This projecs st published in QST and these
articles and all the associated software are imdugith the book CD-ROM. This
same software can be run on a PC plus the EZ-iitowt RF hardware. An example

of the audio processor operation is shown.

Chapter 12, Field Operation, Portable Gear and Integrated Stations

This is a chapter of projects. These are thingsttigathree of us have built for our
own use and enjoyment, subjects of our own experiatien.



12.1—Simple Equipment for Portable Operation: Afee of us have, at one time or
another, taken homebrew equipment into the fielgp@otable operation. This section
summarizes some of the experience we have garrignedsection begins with a
discussion of batteries and power sources. A mathpresented to test a battery at
home to evaluate its life later in the field. Nestme antennas are discussed. We then
comment on band choices and the concept of thel‘Hriandly Radio” introduced by
AA7QU. Alternative power sources are presented.théa discuss the so called
“micromountaineer” class of transceiver, a dirantversion format of especially
simple design described in a paper on the bookACFO is presented that allows
such a radio to be expanded in capability.

Another practical example is presented, the seddWWestern Mountaineer.” This
DC transceiver uses RC active audio filtering vaitholtage controlled oscillator with
active temperature compensation. Some antennastthregraccompany this rig are
presented.

12.2—The “Unfinished,” A 7-MHz CW Transceiver: Thig is a deluxe Field Day
type transceiver featuring a receiver dynamic raargeind 100 dB. This radio never
seems to be done, being always in a state of ncatidn, justifying the name.

12.3—The S7C, A Simple 7-MHz Super-Heterodyne Rexeilhis radio emphasizes
simplicity, but without a sacrifice in fundamenparformance. It is an outgrowth of
an ultra simple DC receiver presented in Chaptd@h& receiver would be a suitable
first project for a budding experimenter wantingotd a primitive station together for
7 MHz. (If this is anticipated, we recommend a d&to a 4 MHz IF with a VXO at
11.04 MHz, for all crystals are inexpensive andlilgaavailable.)

12.4—A Dual Band QRP CW Transceiver: We often sspkpment that is as simple
as possible. But this radio was built with a diietr goal in mind. Here, we ask what
we would have to do in a modest rig to realize gameiver dynamic range and a
transmitter with very good spectral purity. While won’t expect many to duplicate
this box, some of the circuitry may be useful.

12.5 — Weak-Signal Communications Using the DSPFhis section provides an
introduction to using signal processing with sigrtalo weak for conventional CW or
SSB operation. Along with a historical introductitanthe early work of Victor Poor,

K3NIO, two examples of EME Moon bounce echoing eachmunication with the

multi-tone PUA43 code are shown.

12.6—A 28 MHz QRP Module: This box contains a VXé&sed transmitter with a
18.7 MHz crystal and a X 3/2 frequency multiplierdgescribed in Chapter 5. The
VXO covers the bottom 60 kHz of the 28 MHz CW bahke transmitter is
purposefully limited to an output of 1 watt. A ctglscontrolled receiving converter is
then put into the same box, allowing an existingeieer to complete the station. This
was an easy way to add a band to an existing Qiierst The 1 watt is enough power
to make a good showing for itself when conditioresgood. We used the rig with a
dipole at 30 ft to work 60 countries in the sungpedk around 2001.



12.7—A General Purpose Receiver Module: Many ofréoeivers we build are direct
conversion designs. This includes some binauraivecs. Others are simple super-
heterodyne designs with single conversion requiaipgoduct detector and a modest

audio system. This design is for a board suitatnl¢Hfese applications. A TUF-3
diode ring mixer drives a bipolar transistor auamoplifier. This is then applied to a
gain switched op-amp amplifier into an RC activdiadow pass filter. An output
amplifier using a single op-amp is the next st#gsidetone oscillator is included on
the board. The astute reader will note a couplegslavhere we have used this board
in the book.

12.8—Direct Conversion Transceivers for 144-MHz S8 CW: This discussion
supplements some prior QST articles (The Mini R@ thre T2, both included on the
book CD) that describe the basic blocks neededransceiver. These are combined
with a board to provide a local oscillator functiaa a VXO to realize an effective
transceiver for 144 MHz. Two versions are descrjlosthg either a wooden or a
metal box.

12.9—A 52-MHz Tunable IF for VHF and UHF TransvesteThis is yet another
direct conversion transceiver. However, it is gsppecialized, operating at 52 MHz.
Extensive shielding is used, along with numeroap sttenuators, affording very
careful control of signal levels in both the trantsamd receive paths. The box even
takes on a “retro” look, using an old Eddystonel P@pular in an earlier era.

12.10—A Sleeping Bag Radio: This 7 MHz portableisiget another mountain box.
It is built to illustrate some concepts that proglegcellent product detector isolation,
needed when direct conversion is employed. A fraqguéoubler is used on a 3.5
MHz VFO to enhance isolation. The VFO is completdelded from the 5 watt
power amplifier. The builder can use a traditid@l receiver board, a phasing type

design, or even a binaural system, depending ondbds.

12.11—A 14-MHz CW Receiver: The “R2-Pro” Designttgad in Chapter 9 is
applied in this example. A 7 MHz VFO is frequenoutlled to 14 MHz and is
amplified and split. The result is a set of thregats. Two of these are in phase
guadrature and available for use in the receivehil is available for transmitter
applications. A bandwidth tailored by the builder €W use can be achieved in the
audio filtering portion of the R2-Pro.

CD-ROM Contents:

The various programs on the ROM are listed in &x¢ The ROM includes 60
articles from prior issues of QST, QEX, HR, Comnuations Quarterly, and
Microwave Update. The CD includes 10 circuit despgograms and several DSP
code listings, including source code for the 18-MHmnsceiver and the DSP-10 144-

MHz transceivers.



