Notes on electronics
and radio engineering

8Java radio on the Internet


8Terminological and other conventions


9Physical fundamentals


9How can dB specifications be made when only one quantity is named?


9Resistance vs. reactance


9Power factor


10Components


10Switches


10Resistors


10Capacitors


10Types, by use


10Capacitor properties


11Electrolytic capacitors


11Varactors (capacitance diodes)


12Inductors


12Transformers


12Transformers for impedance matching


12Diodes


13Zeners


14Transistors


14Bipolars


14Practical handling


16Basic bipolar circuits


16Dimensioning help


16Common emitter circuit


16Common base circuit


16Common collector circuit


17FETs


18Basic FET circuits


18Common source circuit


18Common gate circuit


18Common drain circuit


19Filters


19Filter factor


19Variable-bandwidth filter


20Resonant circuits


20Series resonance


20Parallel resonance


21Q


22Crystals for resonance


23Impedance matching


23How do I influence the tightness or looseness of the coupling?


23Inductive coupling


24Capacitive coupling


24Direct coupling


24RC coupling


24Link coupling


24( filters


26Coupled circuits


27Receivers


27Does demodulation add or multiply two frequencies?


27Advantages of positive feedback


27Intermediate frequency


27Filter out LF


27AVC


29Superhets


31Detection theory


31Detection of AM and CW


32Detection of SSB


32FM


33Detector circuits


33Product detector


34General communications theory


34Rate of information and bandwidth


35Modulation techniques


35FM, PM


35FM vs. PM


35Producing signals


36AM production


36Producing FM, PM


37SSB


37SSB generation


37The filter technique


37Mixer technique


38SSB amplifiers


38Problems with SSB


39Oscillators


39Audio oscillator without resonant circuits


40Feedback


40Receiver performance and feedback


40Implementing in-phase feedback


40Implementing out-of-phase feedback


41Distortion and noise


41Definition of distortion


41Distortion


41Johnson noise


41Sputter


41Alternator whine


42Crash


42Signal-to-noise ratio (SN)


42Measuring SN


43Bandspread


44Multivibrators


44Monostable multivibrators


44Bistable multivibrators


44Astable multivibrators


44Multivibrator operation


45RF power amplifiers


45Avoiding harmonics


45Practice advice on circuit construction


45General design tips


45Using components


47RF design principles


47Capacitive reactance of open switches


47Calculating the total ACTUAL capacitance in resonant circuits


47Avoiding overdriving of later stages


48Components for high frequencies


48Resistors and capa48citors


48Resistors


48Capacitors


48Winding and dimensioning your own coils


50HF chokes


50Ferrite beads, attenuation beads


50Diodes


50Impedance matching


51Design for maximum selectivity


52Let's homebrew a receiver!


52General characteristics of high-quality receivers


52Power supply


53Impedance matching


53Antenna coupling


53AF amplifier


53Simple receivers


53Feedback coils


53Receiver design with positive signal feedback


54Proper measurement technique


55Recommended literature


56Circuits


57Projects


57Implement my questions, investigations and inventions in reaction to Christiani


57101 Oszilloskop-Versuche


57Basic transistor circuits


58Sine generator


58A tea timer


58Horowitz: Build circuits and have them as building blocks for


58Boards from Conrad


58Xerox copies of simple circuits


58FAU labs


58Capacitance measurement


59Inductance measurement


59Inpedance measurement


59Function generator


59C decade box


59Time switch


59Design an autoranging voltmeter


59Rectification: Improve the regulation by cascading multiple rectifiers


59Rectification: measure and display the degree of regulation


60Current-stabilizing circuit


60Blumentopf-Wasserwarnpiepser


60People counter


60Counter for bioenergetic bed thrashing


60Simulating a multiple-channel oscilloscope


60Create a circuit which displays the transfer function H = Vout/Vin


61Create a circuit which displays the ratio of two voltages on a voltmeter, as a simple number


61Series of circuits


61How to make homebrewing easier for the average ham


62Create "engines"


62Airband receiver


63Two-way radio for communication between Gabriele and me upstairs


63Radio for Dad


63Enhancement for the Blumentopf-Wasserwarnpiepser


63Electronics + usability + creativity


63Analog metronome


63My senior project


63Experimental radio


64Radios: add an LED display of operational parameters


64General-purpose LED display of operational parameters


65X/T writer display of major operational parameters


65Text display of operational parameters


65Measure plant growth


65Uses for the Mindstorm robot arm


66High-tech tea pot


67Uses for a model train set


67Investigate fish


67Automatic fish feeding system: monitoring the process


68Classic task for an inventor


68A truly inventive ham radio project


68RFI warning for hams who live in appartment buildings


69Measure local interference


69Techniques for conserving bandwidth


69Low-bandwidth technique for enabling sounds on Web sites


6924-year plan for redefining the state of the art of ham radio


70Sources for additional projects




Java radio on the Internet

http://hamshack.ralabs.com/cgi-bin/icomr75.exe
Terminological and other conventions

1:u  =  1/u

R  =  Wirkwiderstand

X  =  Blindwiderstand

Z  =  Scheinwiderstand

Frequenz f aussieben ( von allen vorhandenen Frequenzen bleibt nur f.

Isolierschicht-FET = MOSFET, p. 159

Saugkreis is a notch filter. See Limann/Pelka, p. 112.

Sperrschicht-FET = JFET (junction FET), p. 156

Thermistor = temperature-dependent resistor

Topfkreis is a cavity resonator, coaxial resonant cavity
Varistor = voltage-dependent resistor (VDR)

Ankoppelschaltung Refer to Nührmann (Vom kleinen Detektor zum …), p. 87. The Ankoppelschaltung is the circuit connected to the secondary winding.

Power

Unless otherwise states specifically, power is always RMS power (peak power divided by the square root of 2).

Physical fundamentals

How can dB specifications be made when only one quantity is named?

After all, a dB is always a ratio. The answer: There is a default value for the other number in the ratio.

These specifications are for absolute power or voltage level. The convention uses a model called a standard generator. The European default voltage is V1 = 0.775 V, the U.S. default is 1.73 V. 

Further defaults of the standard generator are: P0 (P1) = 1 mW, R = 600 Ohm.

Limann/Pelka discuss this on p. 30. See Christiani, p. S 123 (9/13). Christiani discusses the logarithmic expressions for voltage and power levels very coherently on p. S 122 (9/12).

Resistance vs. reactance

In a physical sense, the difference is the following: resistance is heat which is lost. It cannot be recovered. On the other hand, the energy of reactance Xc or Xl of a capacitor or inductor is transferred back and forth between the field and the circuit

.

This energy (I2X) does not heat up anything, it is not dissipated, "lossless". To differentiate this reactive power from power which is consumed, it is called "volt-ampere-reactive", with the units volts ampere (rather than W).

Power factor

ARRL Handbook, p. 2-21

Components

Switches

An open switch has a capacitance of around 10 pF! This produces an Xc of 150 (, so normal switches cannot be used at frequencies above about 100 MHz.

Resistors

NTC resistor The negative temperature coefficient says it all. The component's resistance decreases as the temperature increases. Thermistor is another term for an NTC resistor.

Voltage-dependent resistor (VDR) Limann/Pelka show the curve of the component's current vs. voltage on p. 91. Starting at some value of current (the independent variable), the voltage across the device remains fairly constant. So VDRs can be used as voltage stabilizers.

Varistor is another term for this component.

Capacitors

Types, by use

· Tuning capacitors

must have a very constant C value and low losses (to avoid deteriorating the resonant circuit's Q)

· Coupling capacitors

the value of C is quite uncritical. However, the isolation resistance must be high, to block DC

· Grounding capacitors

used to ground circuit points which do not carry the signal

Capacitor properties

Dialectric constant

This is the central factor in the equation for capacitance.

The dialectric constant of air = 1; all else rated relative to air

Dialectric strength

The voltage which causes permanent damage to the dialectric.

Unit is volt/mil
(thickness)

Volume resistivity

Measure of the dielectric's insulating ability.

Unit is (/cm3
Temperature coefficient

Ceramic capacitors generally have a negative temperature coefficient, while inductors have a PTC.

Dissipation factor

A measure of internal losses = the ratio of energy released/energy lost during discharge. Rated in comparison to air (=0). Limann/Pelka discuss this on p. 56. The dissipation factor can be expressed algebraically and geometrically as a loss angle. The inverse is the quality, Q.

The critical capacitor property with regard to frequency is dissipation factor, which increases with frequency. Dialectrics with excessive internal losses cannot be used at high frequencies.

In general, the dialectrics with the larger dialectric constants are used more frequently at DC and low f's, where larger capacitance values are more frequently needed.

The 73 Study Guide provides examples on p. 14. It describes common capacitor types in terms of these properties on pp. 13-14. Also refer to the table on p. 15

Electrolytic capacitors

The housing is the negative pole.

Do not connect electrolytic caps to AC. They must not be reverse-biased!

Reread p. 86 ff of the green book.

Varactors (capacitance diodes)

Green book, p. 136

Varactors are always reverse biased.

Limann/Pelka illustrate the principle very well on p. 129. A large DC voltage creates a wide barrier junction in the middle, producing a small capacitance. A small voltage results in a large capacitance.

Circuit example Vom kleinen Detektor zum …, p. 100 Abb. 2.8-7 shows how varactors actually work, and how to use one.

Setting the operating range In Vom kleinen Detektor zum …, p. 99, Nührmann provides advice on the operating range of varactors. Set CA such that the capacitance hardly gets any less, ever. He recommends a value of –20 V (assuming this much voltage is available; if the receiver is run on batteries, the value will have to be less).

Set CE not too close to the origin of the Y-axis. (Re CE: Remember the varactor must always be reverse-biased, even for large amplitudes.)

Nührmann states that varactors are basically divided into types for medium frequencies and for VHF/UHF.

Common design error If we do a poor job of selecting the operating range, we will overdrive/overmodulate the varactor:

CA set to a too-large capacitance voltage: The exponential curve of C vs. V may never reach this value.

CE set too close to the Y-axis: Large signal swings will cause the varactor to leave the reverse-bias region.

Note the net effect of these restrictions is that we cannot get a too-large range of capacitance values out of the varactor. 

Inductors

The coil wire has an ohmic resistance, causing ohmic losses. The dissipation factor can be expressed algebraically and geometrically as a loss angle. The inverse is the quality, Q = R/(omega x L), where R is the virtual parallel resistance. Lemann/Pelka have the equations on p. 60.

The important thing is: series resistances (r) always deteriorate an inductor's quality. This should be considered when designing a circuit.

Ferrite beads can be placed over leads to eliminate RF voltages in the VHF range.

Temperature coefficient

Ceramic capacitors generally have a negative temperature coefficient, while inductors have a PTC.

Transformers

Autotransformers (Spartransformer) tap several voltages from one common winding.

Transformers for impedance matching

The following relationship can be used:

R1 = ü2 x R2
Typical uses:

· impedance matching between transistor amplifier stages
(matching the high output resistance of one transistor to the low input resistance of the next one)

· output transformers, which match some amplifier output to the low resistance of speaker coils

Limann/Pelka discuss uses on p. 99. See the ARRL Handbook, p. 2-24

Diodes

At high temperatures, a forward-biased diode "opens" sooner. Then, for a given diode current, the voltage across it is less. (Refer to Limann/Pelka, Abb. 5.05.)

This phenomenon is often used to temperature-stabilize transistor biasing arrangements. The diode is used in the bias circuit, to decrease VBE, or (more generally) the bias voltage. When VBE is less, the currents IE and IC, and thus the output voltage, are reduced. For examples, see Limann/Pelka Abb. 6.17, 8.52. Also Horowitz?

Zeners

Calculating the required value of the series resistor (Vorwiderstand): green book, p. 176.

Transistors

Bipolars

Practical handling

Transistors with metal housings The housing is usually connected to the collector lead!!

If a BJT has a 4th lead, then it is a ground lead and should be connected to the chassis.

Housing types, designations Nührmann (Vom kleinen Detektor zum …), p. 102
Input resistance

Sedra + Smith, Ch. 2 on emitter reflection rule.

Output resistance

Their output resistance is very low (typically 50 Ohm to 5 kOhm). So resonant circuits always must be impedance-matched to any following bipolars.

A common gate circuit sounds like a logical choice here.

Biasing

Graphic technique Limann/Pelka show this clearly on p. 145; also p. 182.

Given:

· The standard curves of IC for UCE and IB, provided by the device's manufacturer

· UCE (?); use the value for US (UCC)

1. Get the standard curves of IC for UCE and IB
2. Calculate the power hyperbola

3. Take a tangent to this hyperbola:

· which intersects most of the IB curves,

· which intersects the given value of UCE
4. The slope of this tangent = RL
AC considerations

Limann/Pelka, p. 146. 

Biasing, algebraic technique refer to the green book

Biasing: temperature compensation

At high temperatures, a forward-biased diode "opens" sooner. Then, for a given diode current, the voltage across it is less. (Refer to Limann/Pelka, Abb. 5.05.)

This phenomenon is often used to temperature-stabilize transistor biasing arrangements. The diode is used in the bias circuit, to decrease VBE, or (more generally) the bias voltage. When VBE is less, the currents IE and IC, and thus the output voltage, are reduced.

For examples, see Limann/Pelka Abb. 6.17, 8.52. Also Horowitz?

Basic bipolar circuits

The frequency response of these circuits depends on:

· the transistor's internal base resistance and capacitance, and their arrangement relative to one another, and

· the reverse transfer capacitance (feedback capacitance), Cb'c.

For RF use, Cb'c must be negliably small. Limann/Pelka discuss this on p. 174.

Dimensioning help

Refer to Nührmann (Vom kleinen Detektor zum …), Tabelle 12 on p. 104. The perfect cheat sheet! Full circuit diagrams are provided on p. 103.

Common emitter circuit 

Primary use Current amplification

Literature reference Nührmann (Vom kleinen Detektor zum …), p. 103. The dimensions of the parts are in the table on p. 104.
Common base circuit 

Primary use To match a low-ohm input resistance to a high-ohm output resistance. Limann/Pelka, p. 174.

The reverse transfer capacitance is very low, making the common base circuit usable at FM frequencies.

Literature reference Nührmann (Vom kleinen Detektor zum …), p. 103. The dimensions of the parts are in the table on p. 104.
Common collector circuit

(emitter follower)

Has a much higher input resitance than the common emitter circuit. Primary uses:

· to match high-ohm microphones to transistor amplifier stages

· to decouple or match amplifier stages. Vout remains constant, even when the supply voltage (taken from the line voltage) changes. The emitter-collector path behaves like a controllable resistor. It increases its resistance when the supply voltage increases, absorbing more voltage, so the output voltage, at the emitter, stays constant.

Limann/Pelka, p. 175-6.

A Darlington pair has the high input impedance of the emitter follower, and very high current amplification (the beta of succeeding stages multiplies!). The second transistor can be a power transistor.

FETs

Controlling FETs

Their input resistance is high. So the input voltage is used, not the current. This is known as powerless control, because no current flows.

What kind of transistors have the lowest internal noise, for receiver amplifer stages? JFETs

What kind of transistors have the best frequency response for RF designs?

FETs. Their reverse transfer capacitance is very low, giving them a high-pass characteristic. Refer to Limann/Pelka, p. 178, note 26.

Basic FET circuits

Controlling FETs Their input resistance is high, so the input voltage is used, not the current.

Common source circuit

The reverse transfer capacitance is very low, making this circuit usable at FM frequencies.

Transconductance (Vorwärtssteilheit) gm. The voltage amplification is about gm x RL
Common gate circuit

Primary use: to decouple input and output. No current amplification.

Common drain circuit

Same impedance-matching characteristics as the common source circuit. However, the input impedance can be made even even higher than for the common source circuit, especially when MOS transistors are used.

Filters

Some equations for the fundamental frequency behavior of filters is given on p. 2-34 of the ARRL Handbook. We are basically interested in the effective attenuation or the insertion loss of the filter; the equation for Attn is given there.

We speak of insertion loss when:

· Rp = Rs

· Xp + Xs =0, there is zero net reactance.

Matching networks are used to tune out reactances. Filters are used to deliver maximum power at some frequencies while rejecting energy at other frequencies.

A sample problem is solved on p. 2-35.

At the cutoff frequency (Grenzfrequenz), the output voltage drops to 0.7 x the input voltage. The bandwidth is the range of frequencies up to the cutoff frequency. For a bandpass filter or resonant circuit, the bandwidth is defined by the distance between the lower cutoff frequency and the upper one. See Limann/Pelka, Abb. 4.14.

Q is the inverse of bandwidth.

B = fr/Q

Limann/Pelka discuss this on p. 110. Also refer to the discussion there of attenuation, d.

Filter factor

(Siebfaktor) describes the ability of a filter to eliminate an interfering frequency. It is defined as:

s = u1/u2

There is an equation for the filter factor for each filter type. Solving the equation results in a statement such as "The interfering signal is reduced to 1/15 its value." Limann/Pelka provide an example on p. 116.

The filter factor is improved by large values of R and C. (Limann/Pelka, p. 103)

Variable-bandwidth filter

Limann/Pelka provide an example on p. 122, Ab. 4.45. A varactor must be used instead of Ck.

Resonant circuits

Equation for resonant frequency
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A fundamental definition of resonance

Series circuit: At some frequency, the voltage drops across coil and capacitor will be equal and 180° out of phase, so they cancel each other completely.

The sum of the voltages is zero ( Z has its lowest value.

Parallel circuit: At some frequency, the currents through coil and capacitor are equal and 180° out of phase, so they cancel each other completely.

The sum of the currents is zero  (  Z has its highest value.

At resonance, Z is nearly zero, so Vout is nearly infinity. Vout is limited only by ohmic losses. Of course, there is no power amplification.

The voltage across either the inductor or capacitor is considerably higher than the applied voltage:
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The reason is that while energy is being stored in the inductor's magnetic field, energy is being returned to the circuit from the capacitor's electric field, and vice versa. This stored energy is responsible for the fact that Vc or Vl can be larger than Vin.
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The ratio of reactive voltage to the applied voltage is equal to the ratio of reactance to resistance. This ratio is also the Q of the circuit.

Refer to the ARRL Handbook, p. 2-32.

Series resonance

Definition Z is lowest at resonance.

Application A series resonant circuit is used to shunt one frequency to ground (an interfering signal). Example in Vom kleinen Detektor …, p. 82 in the shematic diagram.

Parallel resonance

Literature reference Vom kleinen Detektor …, p. 83 ff
Definition Z is highest at resonance. The circuit "rings". Ideally, the energy stays entirely in the resonant circuit.

Applications
1. Generally speaking, a parallel resonant circuit is used to pass the desired frequency band to the following stages. Hence, it can be used to tune into and pass on exactly one desired frequency.

2. Tunable receiver preselector, placed right after the antenna. Nührmann (Vom kleinen Detektor …) discusses this on pp. 85, with circuits on p. 82.

3. In the collector circuit of a transistor. Note that Nührmann (Vom kleinen Detektor …) states at the top of p. 85 that you can get a lot of amplification here, becuz of the high impedance of the parallel resonant circuit.

The Q of parallel resonant circuits is directly related to the total impedance of the circuit. High impedance corresponds with high Q. Both mean the circuit is not losing energy.

A parallel resistor can be added. Then, Q deteriorates and the bandwith increases. The selectivity is now worse. Nührmann (Vom kleinen Detektor …) discusses all of this on pp. 83-4.

Parallel resonant circuit as a kind of amplifier The current in the circuit is very, very high, limited only by the ohmic resistance of the coil wire. The resistance is low, so the voltage is high, higher than the generator voltage, VG. 

Coupling a parallel resonant circuit

The extent to which the energy stays in the circuit depends on the loading. If the circuit is coupled loosely, most of the energy will stay within it and the Q will be high.

If the circuit is coupled tightly, much energy will flow out of the circuit into the load. Then, the circuit's Q is low.

Example in Vom kleinen Detektor …, p. 83 in the shematic diagram.

Note a series resonant circuit can always be converted to a parallel resonant circuit, and vice versa. The values of L and C stay the same; the resistance must be recalculated. The ARRL Handbook describes this on p. 2-32.

Q

Q = X/R = XL/Rs = the ratio of peak energy stored to the energy lost per cycle, in A or V  = the ratio of circulating energy to the energy supplied, in A, V

Q determines the selectivity of a tuned circuit and is functionally equivalent to bandwidth. High Q is the same as narrow bandwidth.

As we increase Q, more and more energy remains within the (resonant) circuit, and bandwidth narrows. Eventually, we have a condition where the circuit "rings". At this point, no additional energy needs to be supplied. Now, we have an oscillator.
Designing for maximum Q

There is always resistance in resonant circuits. At frequencies up to around 30 MHz, this resistance is mostly in the wire of the coil.

Above this frequency, energy loss in the capacitor (mostly in the solid dielectric used as an insulating support for the capacitor plates) also becomes a factor. 

When maximum selectivity (highest Q) is needed, the design must reduce the inherent resistances to the lowest possible value.

Parallel resonance in low-Q circuits

ARRL Handbook, p. 2-32 – 2-33

Q of loaded circuits

ARRL Handbook, p. 2-33

Crystals for resonance

Abb. 4.52 illustrates the principle. A crystal has both a series resonant frequency and a parallel resonant frequency, because it introduces both series and parallel capacitances, as shown in Abb. 4.53.

Fine adjustment of the frequency is possible by adding a small trimmer capacitor, as indicated in Abb. 4.53b.

Impedance matching

Literature references

· ARRL electronics data book, p. 33 ff
· Vom Detektor zum …, p. 63-4
· Nührmann (Vom kleinen Detektor …) p. 86, especially circuits
· Horowitz, Chapter 5, p. 155 ff
· Christiani
Purpose To keep the high Q, the high selectivity of a tuned circuit. Refer to Vom Detektor zum …, p. 65, middle. Remember: An Ohmic load always deteriorates the Q. Such a load causes the resonant "ringing" to stop.

Circuit implementation Nührmann uses a transformer on p. 64.

A resonant circuit can include impedance matching to the next stage. Limann/Pelka show this on p. 115.

How do I influence the tightness or looseness of the coupling?

Loose coupling Wind next to the primary winding

Tight coupling Wind over the primary winding

Literature reference Nührmann explains this in Vom Detektor zum …, on p. 107: "Lose gekoppelt, neben L3, nicht auf L3 gewickelt".

In addition, if you wind next to the primary winding, you can further influence coupling by varying the distance between the two windings.

Nührmann (Vom kleinen Detektor …) p. 86*. In circuit c, simply vary the distance d between the primary winding (n1) and the secondary (n2). The text description of circuit c specifies typical values for the distance (5 – 30 mm). The windings n1 and n2 are wound on a common core. Change distance d by simply sliding winding n2 up or down the core, closer to or away from n1.

Inductive coupling

Literature references

· ARRL electronics data book, p. 33 ff

· ARRL Handbook, p. 2-24

· Nührmann (Vom kleinen Detektor …) p. 63-4, 86

· Nührmann (Vom kleinen Detektor …) p. 133 circuits a and b

This is "inductive coupling", becuz the feedback signal is fed back to inductors. These are the first tuned circuit parts which the feedback signal "sees".

Definition It is based on 
[image: image5.wmf]2

1

2

1

n

n

R

R

Ü

=

=


This is an excellent technique for taking (a tiny bit of) energy from a resonant circuit, without loading it (destroying the oscillation).

Design note The secondary winding is a subset of the primary winding, or wound over a subset of the primary winding. Hence, the question arises, should the secondary be taken from the grounded side of the primary ("cold side") or from the top side ("hot side")? On p. 87, Nührmann (Vom kleinen Detektor …) says: Couple from the cold side of the primary.

Capacitive coupling

Literature references

· ARRL electronics data book, p. 33 ff

· Limann/Pelka, p. 115, Abb. 4.22

· Nührmann (Vom kleinen Detektor …) p. 86 circuit d

· Nührmann (Vom kleinen Detektor …) p. 133 circuit c

This is "capacitive coupling", becuz the feedback signal is fed back to capacitors. These are the first tuned circuit parts which the feedback signal "sees".

Definition It is easier to implement than inductive coupling.

Design note The above note on inductive coupling applies here, too, in an analog fasion (?).

Direct coupling

Literature references

Horowitz, p. 117

RC coupling

Literature references

Horowitz, p. 115

Link coupling

Literature reference Nührmann (Vom kleinen Detektor …) p. 87; circuit e

Definition An easy, interference-free way to forward a signal from one chamber of a shielded design to another chamber.

Design note Same as note on inductive coupling

( filters

implemented as low-pass filters can be used to match impedances. See Abb. 4.23. This is a Collins filter, and is commonly used to match low-ohmic antennas to high-ohmic amplifier input stages.

Continue: Handbook, p. 2-33, "Impedance Transformation"

Further information

1. The ARRL electronics data book solves some impedance matching problem on p. 34 ff

2. Horowitz has an entire chapter on coupling, Ch. 5 (p. 115 ff).

3. The ARRL Handbook has several pages of information starting on p. 2-33, and on p. 2-24. Also refer to the information on Matching Networks starting on p. 2-40.

4. Nührmann (Vom kleinen Detektor …) discusses coupling on p. 85 ff, with circuits on p. 86. In particular, he discusses link coupling

Coupled circuits

The resonance curve of two resonant circuits placed in series is sharper than the curve of each separate circuit. The rejection of unwanted frequencies multiplies. If one resonant circuit reduces a signal to 1/10, then a second resonant circuit will reduce it to 1/100. 

Loose coupling produces a sharper response curve than tight coupling (Abb. 4.42).

Coupled resonators ARRL Handbook, p. 2-38. Refer to Fig. 68. B at the bottom shows that G0 is not at the peak. The fundamental resistance, R0, will be greater than Rr. R0 is the input resistance to the coupled resonator.

We can use this in matching a feed line (R = 52 ohms) to a low-resistance antenna (R = 10 ohms).

Application: the resistance and capacitive reactance of an antenna are given. The resistance of the feed line and the operating frequency are also given.

Problem: design a matching network; calculate values for the coupling capacitor Cm and the inductor, Lr (Fig. 68).

If the coupling element were a shunt inductor, the total reactance would have to be capacitive or negative in value.

Further information

Limann/Pelka Abb. 4.44 shows various ways to couple two resonant circuits.

The ARRL Handbook has several pages of information starting on p. 2-33 (Coupled circuits and filters)

Receivers

Does demodulation add or multiply two frequencies?

It multiplies them. Limann/Pelka discuss this on pp. 51 – 52. Multiplying two unequal frequencies results in sum and difference frequencies.

Addition of unequal frequencies does not. The circuit contains only the original frequencies.

Advantages of positive feedback

Literature reference Nührmann (vom einfachen Detektor zum …), p. 130

1. Positive feedback adds energy to the resonant circuit. The latter is de-attenuated, improving the Q and thus enhancing sensitivity and selectivity
Note low Q is associated with a lossy circuit; here, we are doing the opposite.

2. This makes it possible to receive SSB and CW, because …
Intermediate frequency

The reason a fixed IF is used: it's easier to design the IF amp stage for one specific frequency. The designer determines a frequency offering the best tradeoff of amplification and selectivity, then he designs for that frequency.

Why do we have to have a tradeoff of amplification and selectivity? Why can't we have both? This sounds like it is easier to amplify at low frequencies, and easier to get good selectivity at high frequencies (or vice versa), so we have to meet somewhere in the middle to get both.

Filter out LF

For SSB, have the receiver suppress LF components, because of the error in carrier reinsertion. A typical reinsertion error of 40 Hz causes an actual input signal of 80 Hz to be detected (for USB) as 40 Hz. That is a full octave too low and causes major distortion.

LF components don't contribute to intelligibility anyway.

AVC

An extremely short AVC time constant (  could remove the modulation, esp. for envelope modulation. The capacitor would absorb the modulation, so we wouldn't get it at the earphones.

Set ( with respect to the lowest frequency to be received. The lowest frequency should be 300 Hz (see above on filtering out LF components). So make ( > 1/300 sec.

AVC becomes pretty messy for CW and SSB.

Especially with CW signals, we have a very quick rise to the full signal level, then an abrupt loss of signal. If the AVC is set too slow, the receiver will always be overloaded, except for when it's completely desensitized.

The solution is to have two time constants, one for attack time, one for decay time. A circuit example is shown on p. 129 of the 73 Study Guide:

The capacitor charges quickly, for fast gain reduction during attack time

It discharges slowly, for gradual gain increase during recovery.

Superhets

The reason for heterodyning

Why go through such a messy procedure? We want maximum selectivity, to avoid interference from other stations. However, narrow filters can only be built for ONE specific frequency, the IF.

Problems of heterodyning

· a mixer is required

· the local oscillator may radiate

· mirror frequencies are introduced

· the frequency of the BFO must exactly track the desired frequency

Let's examine the solutions for each of these problems.

A mixer is required

Mixing always introduces nonlinearities. 

(equation of general mixing)

Ideally, the mixer will mix, amplify and isolate RF and LO inputs.

Nonlinearities are tricky by nature.

Another potential problem is caused by poor isolation. Strong signals might "pull" the mixer, resulting in frequency shift.  Also the LO output can be radiated via the antenna, and load other receiver circuits.

The local oscillator may radiate

Solutions:

1. Design the receiver well.

2. Place an RF amplifier between the antenna and the mixer.

3. Shield everything well! Including lines which leave the shack.

Mirror frequencies are introduced

The phenomena of mirror frequencies can be expressed as:

f des – fBFO = fIF
but also

fBFO – fMIRROR = fIF

This is the mirror frequency

That is, two frequencies pass the IF band.

Solutions:

1. Select the proper IF frequency. The 73 Study Guide has an example on p. 135.

2. Use a second IF (double conversion).

3. Provide adequate selectivity BEFORE the mixer (preselector), so fMIRROR is eliminated. This can be done by increasing the number of RF stages, adding a preselector.

4. Increase the distance between fdes and fMIRROR. This distance is always 2 x fIF. At high frequencies, this is not much. Make the first IF high as a percentage of fdes
Tthe frequency of the BFO must exactly track the desired frequency

Solutions:

1. For single-band receivers, use tuning capacitors with multiple gangs

2. See the discussion of tracking on pp. 136 … 140 of the 73 Study Guide

(circuit from the bottom of p. 15 of my handwritten notes)

Detection theory

Detection of AM and CW

Envelope detector schematic:

[image: image9.wmf] 


The diode eliminates negative swings.

This circuit eliminates the RF signal component, because the capacitor cannot discharge or charge at the rate of the RF signal.

The time constant of the capacitors is such that they do NOT discharge quickly enough to follow the input signal. So the RF component is suppressed. The time constant allows the caps to discharge at the rate of the AF component, it passes.

For the rectifying action, we do not necessarily have to use a diode. A BJT or FET can be used as well; they consist of two diode regions. In Vom kleinen Detektor zum…, Nührmann provides examples on p. 97.

If you are going to use a diode Nührmann recommends a germanium type, rather than a silicon diode. The forward threshold voltage of the former is less, 0.2 V rather than 0.6 V. So nearly all of the signal is rectified. Note that in any case some of the RF energy gets through (is not rectified), because the threshold voltage is > 0.

The envelope variations follow the original modulation only because of the phase relationship between sidebands and the original carrier.
This detector circuit mixes the signal carrier with the sidebands, producing an audio output signal which is the difference frequency.

This circuit can be used to receive CW.  Add a BFO at the transformer primary. Why the BFO has to be added! CW is by nature a very-low-frequency signal, close to or below the systems's lower frequency range.
The circuit now acts as a mixer, with VAF = VRF - VBFO
The circuit can also be used for AGC.

Detection of SSB

Product detector

The above arrangement is usable, but difficult. A product detector is better. The signals coming in at the same input port cannot mix with each other. Only signals at two different input ports can mix. This way, IF signals cannot mix with each other, reducing distortion.

What does this have to do with SSB? It is true that signal mixing is a problem. Any antenna picks up not one, but rather thousands of signals. Some of them pass the preselector/RF amp. But this problem has nothing to do with reception of SSB.

Only have output when signals are present at both input ports.

FM

Phase discriminator

A phase discriminator has a transformer at resonance (what frequency?). There is a diode at each side of the secondary. The diodes lead to resistors whose voltage = difference in the diode voltages. When f > fres, one diode conducts more; the resultant voltage is positive. When f < fres, the resultant voltage is negative.

Detector circuits

Product detector

Limann/Pelka, p. 192.

General communications theory

Rate of information and bandwidth

Refer to the table on p. 125 of the 73 Study Guide.

Transmission of n bit/sec requires a bandwidth of 2n Hz. So fast CW requires more bandwidth than slow CW.

Modulation techniques

The composite signal is produced by the amplitude and polarity changes of the sidebands relative to the carrier. The envelope is the variations of net energy in this composite signal.

AM = variation of amplitude of the envelope (not of the carrier).

The percentage of AM modulation = a/b x 100% = modulation index

whereby a = distance between the carrier peak level and the envelope absolute peak level

b = carrier peak level

p. 187

At 100% modulation, each sideband has V = ½ Vcarrier and at negative peaks, the envelope is zero. Each sideband has ¼ total power.

In any case, the modulation percentage is the ratio of power between the carrier and the sidebands.

FM, PM

FM, PM have no envelope variations. In FM and PM as well as AM, it's the envelope characteristics which vary, rather than those of any specific components within the signal. A receiver receives and detects the envelope characteristics, only.

FM deviation ratio = maximum carrier frequency deviation/highest modulating frequency

FM vs. PM

The amount of change in the modulated signal per period or phase is determined by different factors. FM: the amount of change is determined by both the signal strength and its frequency. Low-frequency signals cause more change.

PM: the change depends only on the signal strength.

FM and PM have no envelope variations. With both, as well as AM, it's the envelope characterisics which vary rather than the characteristics of any specific component within the signal. A receiver receives and detects the envelope characteristics, only.

Producing signals

Modulation involves multiplying two signals of greatly different frequency. The principle of modulation is shown on p. 52 of Limann/Pelka. Fig. 2.31 shows a block diagram of the circuit implementation.

AM production

The definition of modulation:

Vout is a function of two input voltages, Vin1 and Vin2

Vout = k x Vin1

whereby k = f(Vein2)

This process is nonlinear as long as k is not a constant.

In terms of circuit implementation, Vin1 might be the amplifier input. Then Vin2 determines the amplifier's bias.  The latter varies the operating efficiency of the amplifier.

An alternative technique is to vary the amount of power supplied to an RF power amp stage.

Producing FM, PM

FM

The amplitude of the AF signal determines the magnitude of the RF frequency deviation. The frequency of the AF signal determines the frequency of the RF frequency deviation. Limann/Pelka show the frequency spectrum on p. 73. h = frequency deviation; the bandwidth b = 2 x h.

Fig. 2.84 The amplitude of the AF signal determines the Y position of the frequency components. The frequency of the AF signal determines their X position.

The modulation changes the resonant frequency of the oscillator. For example, place a varactor (voltage-variable capacitor) in parallel with another capacitor. Then remove amplitude variations by overdriving a later amplifier stage.

Why does FM offer superior sound quality?

1. Atmospheric disturbances and other disturbances usually affect a signal's amplitude but not its frequency. The FM detection process does not react to amplitude changes. In fact, at the receiver FM amplitude devations are simply clipped.

2. The frequency deviation can be made large (5 x the highest AF); slight frequency distortion caused by QRM and QRN is then insignificant.

3. QRM, QRN is mostly high-AF noise. FM transmitters use a technique called preemphasis to amplify high-AF signal components more than low-AF signal components. This "crowds out" high-AF noise. The receivers reverse the process, using deemphasis.

4. FM transmissions cannot create a constant heterodyne whistle, because the signals' frequencies are constantly changing.
SSB

SSB needs only ½ of the bandwidth (= 3 kHz), so it lets only ½ the noise of an AM signal through. SSB produces 3 dB less audio voltage at the receiver (half as much). As a result the signal/noise ratio is the same as for AM.

SSB is less suspectable to fading. Selecting fading can be very destructive of AM signals, because the fading may affect only one sideband.

SSB generation

Refer to the diagram on p. 196.

The filter technique

A sharp filter is used. Its frequency cannot be changed, so the SSB signal is generated at that fixed frequency. The AF and the carrier go to a balanced modulator, which eliminates the two input frequencies. The carrier is suppressed here.

The modulator output is passed to the filter. The remaining transmitter stages are frequency-determining and power amp circuits.

Mixer technique

We always have the choice of using the sun or difference. Carrier + AF = USB; carrier – AF = LSB.

How do we decide which sideband to use?

The decision is made such to minimize the production of spurious signals.

1. The main rule: avoid signal and mixing frequencies which are a rational number at any point in the operational range. When this is unavoidable, choose the frequencies such that the ratio is as high as possible. This causes only high-order harmonics.

2. Use a mixer design such as a product detector, which minimizes intermod.

3. At the mixer, minimize the SSB signal as compared to the injection-frequency signal. Build up the SSB signal later.

4. Use frequency-selective circuits.

The following two things are NOT the same:

· the carrier frequency in the SSB generation stage

· the injection frequency at the mixer stage.

Both mixers must be very stable. With regard to the injection frequency at the mixer stage, it is usual to generate it at a low-frequency crystal and use multiple conversion (multiple mixer stages).

SSB amplifiers

Coupling = tuned resonant circuits. * Most of the distortion and nonlinearity of poor SSB signals arise from the power amp stages. When an amp is driven beyond linearity, the plate meter will continue to show a power increase; virtually the entire increase is in distortion products.

Problems with SSB

1. Buckshot. This is the result of distortion (nonlinearity) in power amplifier stages.
When gain changes with increased signal level, the result is mixing. Because of the mixing, signals in the passband will combine, producing many distortion products. They are called buckshot. A common reason: an amplifier is overdriven.

2. Insufficient signal suppression

3. Frequency stability

SSB transmitter check

S. 204 - 8

Oscillators

An oscillator must have high Q in order to oscillate. Heavy loading will extract much energy from the circuit, and would thus tend to lower Q.

Methods to increase Q:

1. Lighten the loading

2. Increase capacitance (and reduce L)

3. Increase feedback

Crystals have a Q of around 25,000, so they are extremely frequency stable.

It is important to not try to extract power from a crystal oscillator stage. (See the above statement: "Heavy loading will extract much energy …") Attempting to do so will alter the xrystal structure and might damage it permanently. Keep the current through the crystal low by keeping feedback low.

Note there are specialized crystals ground specifically for overtone operation.

Audio oscillator without resonant circuits

Figure on p. 226

Such an oscillator contains two feedback circuits:

1. The circuit with positive feedback maintains oscillating action

2. The circuit with negative feedback is frequency-sensitive at all frequencies except the desired frequency of oscillation.

The second circuit is active and cancels positive feedback. The whole circuit is only an amplifier. At the oscillating frequency, negative feedback is reduced.

Negative feedback reduces harmonics. This circuit offers a much greater tuning range (10 to 1) than circuits with LC resonant circuits (3 to 1). 

Feedback

Receiver performance and feedback

The performance of receivers can be enhanced considerably by introducing positive feedback.

Implementing in-phase feedback
Refer to Nührmann (vom kleinen Detektor zum …) p. 130, at the beginning of section 3.5 as well as p. 108.

Implementing out-of-phase feedback

This can be used to eliminate undesired oscillation. Then, the following techniques are called neutralization.

1. Insert a capacitor. Refer to Horowitz, p. 135. Here, a capacitor called CN is used.

2. Insert a BJT stage. With BJTs, the collector is always out of phase with relation to the base.

3. Refer to Nührmann (vom kleinen Detektor zum …) p. 131: Use the opposite "winding direction". That means grounding the other end of the winding. For examples, see Nührmann (vom kleinen Detektor zum …) p. 88 and p. 108 d.
Use a turns ratio of 1, so the only effect of the transformer is to change the phase around.

Distortion and noise

Definition of distortion

The distortion factor = sum of the VRMS of all harmonics in a signal/VRMS, signal
Distortion

Why does an overdriven stage produce harmonics? It clips the signals, producing something similar to square waves. According to Fourier transformation, a square wave is the result of superimposing an infinite number of odd-numbered harmonics.

Limann/Pelka discuss this on pp. 49 – 50.

By the way: superimposing adds signals, it does not multiply them. Superimposing even-numbered harmonics produces saw-tooth waves.

There are the following types of noise: Johnson noise, sputter, alternator whine and crash.

Johnson noise

Noise caused by the movement of electrons. It is present at all frequencies. So it is worse for large bandwidths.

Johnson noise is also known as hiss or grass.

Reducing Johnson noise

Johnson noise is an unavoidable physical phenomena at temperatures above absolute zero, so it cannot be eliminated. It can only be reduced, by narrowing receiver bandwidth.

Sputter

Short pulses of high amplitude, caused by automotive ignition systems. The frequency ranges between 200 kHz and 2 MHz.

Reducing sputter

Noise blankers or limiters are used. Limiters clip amplitude peaks, while noise blankers … (completely eliminate signals in a specific bandwidth? look up). Noise blankers are more effective than limiters, because they eliminate the entire signal.

Alternator whine

look up

Reducing alternator whine

look up

Crash

Spradic noise with great energy, caused by thunderstorms.

Reducing crash

?

Signal-to-noise ratio (SN)

To maximize the SN, make receiver BW = signal BW. Greater receiver BW results in more hiss.

Measuring SN

1. Measure the receiver's output with no signal (=noise output, noise floor). Then introduce a signal until the output = 2 x noise output.

Or

2. Measure the receiver's output without a signal. Then introduce a signal of known voltage, and measure the output power.

Bandspread

Definition It is desired to make the mechanical process of tuning easier, by seemingly spreading out the band of reception.

Literature reference Nührmann describes circuit implementation in detail on pp. 90 – 95 of Vom kleinen Detektor zum …

Implementation There is a fixed capacitor which basically sets the frequency. In parallel with it, there is a rotary capacitor. The common idea is to limit the amount of variation in the capacitance of the rotary cap.
We must reduce the ratio of the capacitor's capacitance at the end of the band to its capacitance at the beginning of the band, 
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. Refer to Nührmann, p. 91.

There are the following techniques:

· add a series capacitor to the resonant circuit used for tuning

· add a parallel capacitor to the resonant circuit used for tuning

· use capacitance transformation in the resonant circuit used for tuning

· use a mechanical arrangement

· use diodes

Add a series or parallel capacitor Nührmann does the math on pp. 91 and shows that, surprizingly, both series and parallel capacitors will reduce 
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Capacitance transformation Nührmann shows this in Abb. 2.7.3-1 c on p. 90 and in Abb. 2.7.3-2b on p. 92. The circuit uses the relationship  
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  to reduce both CA and CE.

Depending on the turning ratio chosen, the reduction can be quite considerable. That gives us really easy tuning. In the example, the variation is now merely 150 … 152 pF.
A mechanical arrangement with separate switches for various frequency ranges Nührmann shows this in Abb. 2.7.3-2a on p. 92.

Design with two diodes Refer to Nührmann, p. 100. The band can really be spread very wide by using an additional resistor Rv.

Design note Nührmann specifies absolute maximum capacitance values in the table on p. 93. He says these values should not be exceeded, in order to avoid deteriorating the circuit's Q. Maybe this is because at higher capacitances, we get considerable energy losses in the capacitor. Cf. p. 45 of this document (section Design for maximum selectivity).

Multivibrators

For details, refer to pp. 226 - 229

Monostable multivibrators

Requires one external trigger; provides second internal trigger.

Produces one output pulse of standardized length for every input pulse. Adjusted by caps, (
Bistable multivibrators

= flip-flop. “Remembers” the state of inputs. Both triggers must be external.

Astable multivibrators

Can function as an oscillator. Trigger can be internal.

Multivibrator operation

The timing depends mostly on the coupling capacitors and on the circuit resistance (= fine tuning). Once the basic timing is established, the actual operating range can be varied widely by synchronization to another signal (trigger).

A switch from one state to another (which would occur in any case due to internal triggering [capacitor discharge]) can be made to occur early by an external trigger.

The trigger pulse can be applied many times, and if the trigger level is properly chosen, it will affect the circuit only once, near the end of the cycle.

This is a frequency divider. By applying the output of a crystal oscillator stage to a chain of multivibrators, we can have a series of decreasing frequencies, all with the same frequency accuracy and stability as the crystal.

RF power amplifiers

Avoiding harmonics

1. 1. Class A operation best, but inefficient. Consequence of Fourier: a pulse-like output (class C) requires nearly infinitely many frequency coefficients. Each except for the first is a harmonic.

2. Amplifier circuit Q should be high, because that implies good selectivity.  But see p. 318: high Q  (  high I   (  high I2R losses (despite common misconceptions!). A reasonable compromise is Q around 10 … 20.

With regard to common misconceptions: The crucial difference is that between circuit reactive elements and the circuit itself, to minimize losses, maximize coil Q.

Practice advice on circuit construction

Sources of information

1. ARRL Electronics Data Book

2. Vom Detektor zum …

3. Handbook, Ch. 17

4. Green book, p. 108*, 112*

5. The ARRL has a book of Hints and Kinks

6. ARRL lit on QRP equipment

7. Conrad: bk Wie man einen Schaltplan liest

General design tips

Grounding circuit points which do not carry the signal

Use feedthrough grounding capacitors. Limann/Pelka describe the correct procedure on p. 93.

Component temperature compensation

Place two components in series, one with NTC, the other with PTC. Limann/Pelka discuss this on the bottom of p. 92. Ceramic capacitors generally have a negative temperature coefficient, while inductors have a PTC. So a resonant circuit containing both will be fairly temperature-independent.

Using components

Capacitors

Watch their breakdown voltages! For small capacitors, they could be quite low. You can get around this problem by placing several capacitors in series. The ARRL Handbook discusses this on p. 2-10.

Feed-through capacitors

The purpose is to firmly ground one side of the capacitor, in order to avoid introducing interference to the circuit. 
A feed-through capacitor does this in an especially low-inductance manner. The outer shell of the capacitor is soldered firmly to the device chassis. See Nührmann, Vom Detektor zum …, p. 39.

Tuning capacitors

In Vom Detektor zum …, p. 42-3, Nührmann shows the difference between closed rotary capacitors and open rotary capacitors with multiple "packages". He recommends the latter, probably because of their multiple packages.

Mechanical turning reduction mechanisms Nührmann, Vom Detektor zum …, p. 44, ff.

Winding transformers

A bifilar winding consists of conductors wound in parallel, for tight coupling. This is done to implement a broadband impedance transformer. Or the conductors can be twisted together.

Refer to the ARRL Handbook, p. 2-33 (right column).

How to wind toroids

ARRL Handbook, p. 2-28 – 2-29

Transformer types

ARRL Handbook, p. 2-25 – 2-26

Bipolars

Their input resistance is very low (typically 50 Ohm to 5 kOhm). So resonant circuits always must be impedance-matched to any following bipolars.

RF design principles

Capacitive reactance of open switches

An open switch has a capacitance of around 10 pF! (from 5 pF to 30 pF, or from 10 pF to 20 pF) This produces an Xc of 150 (, so normal switches cannot be used at frequencies above about 100 MHz.

In Vom Detektor zum …, p. 48 – 49, Nührmann deals with this problem. The switch capacitance is Cs. A trim cap is used in parallel with C and Cs to obtain the actually desired capacitance. The trimmer is used to obtain the desired resonant frequency, despite the tolerance (inaccuracy) of C. 

Calculating the total ACTUAL capacitance in resonant circuits

Literature reference Nührmann (Vom Detektor zum …), p. 89 and 48

Remember you have THREE parallel capacitances (assuming you have a trim cap):

· the rotary capacitor used for tuning, C
in your calculation, use its initial (smallest) capacitance, CA
· the capacitance of the trimmer
in your calculation, use its initial capacitance, CTA or the capacitance value which corresponds with the value 1/3 of the way from the lowest C value to the highest

· switch and component capacitances, CS
Ctot = C +  CTA  + CS
This is not merely of academic interest. In Nührmann's example, although the (initial) capacitance of the tuning capacitor is only 8 pF, Ctot is 28 pF!

Avoiding overdriving of later stages

Use a common gate FET circuit to attenuate large voltage swings. Refer to Limann/Pelka, p. 178, note no. 28. The attenuation is independent of the frequency.
Components for high frequencies

Resistors and capacitors

Resistors and capacitors must be low-induction types.

Resistors

Kohleschichtwiderstände (carbon-film resistors) and expensive Metallfilmwiderstände (metal film resistors) are low-induction. See Nührmann, Vom Detektor zum …, p. 37*.

Capacitors

Ceramic types are low-induction. Also, Nührmann recommends Styroflex capacitors. See Vom Detektor zum …, p. 39*.

Obtaining coils

Try Bürklin's HF-Spulen-Bausätze Typ Neosid 7.1K (D109.010). They are featured in Kapitel D; the Bestell-Nr. is 79 D 100, ff. For example, 79 D 104 is for 5 – 15 MHz.

The Web location is http://www.buerklin.com/gruppen/KapD/D109010.asp
Winding and dimensioning your own coils

Terminology note Bifilar means (secondary) winding on (primary) winding. I.e., not separate, such as wound separately on a toroidal core.

What do the dots in schematic diagrams mean? See the next note, on winding direction. Do the dots merely specify the winding direction, or do they indicate phasing relationships?
Winding direction

I have a long winding and will be coupling a second winding with it. Do I place the second winding at the cold end (the grounded end), or from the other end? Nührmann explains this well in Vom Detektor zum …, p. 88. The answer is given implicitly in Abb. 2.7.2-2. Look at the drawing of the coil with three windings. The pattern is: Winding starts where the dot is, from the "cold" end (with regard to both placement of the winding and to where to start the process of wrapping).

Another example is Vom Detektor zum …, p. 108. Refer to the comment on the previous page. L2 and L3 are wound gegensinnig.

Implementing loose/tight coupling

Literature reference Nührmann explains this in Vom Detektor zum …, on p. 107: "Lose gekoppelt, neben L3, nicht auf L3 gewickelt".

Loose coupling Wind next to the primary winding

Tight coupling Wind over the primary winding

What kind of wire

Vom Detektor zum …, p. 71 - 75

Short waves Nührmann uses Silberdraht (silver wire). Refer to Vom Detektor zum …, p. 47.

Middle waves On p. 52, he uses enameled copper wire (Kupferlackdraht).

Wire gauge

Rule of thumb For resonant circuits, we generally want Q to be as high as possible, for good selectivity. Ohmic losses always deteriorate Q. Since they are caused primarily by the ohmic losses of the coil wire, generally speaking use large-gauge wire. This minimizes the ohmic losses.

Wire gauges for various frequency bands Vom Detektor zum …, p. 75 table at top of page. cf. p. 124, 108

Short waves Nührmann uses a wire gauge of 1.5 mm. Refer to Vom Detektor zum …, p. 47.

Middle waves On p. 52 – 3, he uses 0.75-mm wire.

No core/what kind of core

On p. 54, Nührmann (Vom Detektor zum …) recommends the following:

· Up to around 10 MHz iron-core coils
The iron core can be slid in and out to tweak the inductance value. Moving in ( increase

· Above 10 MHZ stabile air coils made of silver wire

Reason: because of the coil's Q.

How many windings?

Nührmann (Vom Detektor zum …) provides the data for many bands on p. 136.

What distance between the windings?

Nührmann (Vom Detektor zum …) provides the data for many bands on p. 136.

Design/layout rule

1 mm of wire has an inductance of around 1 nH! So keep the leads short!

If you are building a tuned circuit, place the capacitor and trim cap directly at the coil. Refer to the photograph on p. 47 of Vom Detektor zum …

Approximating the inductance of coils

· Vom Detektor zum …, p. 65 - 71

· The ARRL electronics data book, Chap. 4
air-core inductors on p. 43

· The ARRL Handbook have material on this.

HF chokes

Literature reference Vom Detektor zum …, p. 59
Definition They keep AC signals out.

Their inductance is a permanent value. It cannot be readjusted in any way.

No core/what kind of core

Up to around 30 MHz Wound around a ferrite core

Ferrite beads, attenuation beads

Literature reference Vom Detektor zum …, p. 60-2

Definition They prevent undesired oscillations, with HF transistors. Place the bead very close to the base lead.

Diodes

There are special diodes specifically for RF use. Use germanium RF types (low-ohmic types), such as AA 116 or AA 144.

Impedance matching

Literature reference

· Vom Detektor zum …, p. 63-4

· Horowitz

· Christiani

Definition Keep the high Q, the high selectivity of a tuned circuit. Refer to Vom Detektor zum …, p. 65, middle

Remember: An Ohmic load always deteriorates the Q. Such a load causes the resonant "ringing" to stop.

Circuit implementation Nührmann uses a transformer on p. 64

Design for maximum selectivity

There is always resistance in resonant circuits. At frequencies up to around 30 MHz, this resistance is mostly in the wire of the coil.

Above this frequency, energy loss in the capacitor also becomes a factor. This energy loss is mostly in the solid dielectric used as an insulating support for the capacitor plates.

When maximum selectivity (highest Q) is needed, the design must reduce the inherent resistances to the lowest possible value.

Refer to the ARRL Handbook, p. 2-31.

Let's homebrew a receiver!

Read this first
· RF design principles, above

· Components for high frequencies, above

· Practice advice on circuit construction, above

General characteristics of high-quality receivers

ARRL Handbook, p. 8-41

What kind of transistors have the lowest internal noise, for receiver amplifer stages?

JFETs

What kind of transistors have the best frequency response for RF designs?

FETs. Their reverse transfer capacitance is very low, giving them a high-pass characteristic. Refer to Limann/Pelka, p. 178, note 26.

Power supply

Nührmann (vom kleinen Detektor zum …), p. 114

Capacitance measurement

· Use the color code on the capacitor!

· Radio RIM capacitance meter I have

· ELV catalog, p. 123

· http://www.101science.com/101captesting.htm; see the hyperlinks at the bottom of the page

· ARRL bookstore: Joseph J. Carr, Practical Radio Frequency Test & Measurement, 348 pages

· bk Das Hobbylabor für den Profibastler

· Sonderheft Selbstbau-Meßlabor

· hardback book on Meßtechnik

Inductance measurement

· ARRL Handbook, p. 2-11 equation and table

· ARRL Handbook pp. 2-12 thru 2-13; p. 2-14: Table 4 and Figs. 23 and 24

· ARRL Electronics Data Book, Ch. 4. Note the data on p. 41 ff

· To confirm: create the resonant circuit, and use a grid dip meter to determine the resonant frequency. Use the value of fres to solve for L.

Impedance matching

· chapter Impedance matching of this document, p. 23 ff

· Transformers for impedance matching in this document, p. 12

Antenna coupling

Nührmann (vom kleinen Detektor zum …), pp. 88, 108 and 124

AF amplifier

Nührmann (vom kleinen Detektor zum …), pp. 116

Simple receivers

Nührmann (vom kleinen Detektor zum …):

· pp. 106, 108, 131

On p. 106, Nührmann recommends the Cascade-Schaltung, c. ("sehr gute Hf-Eigenschaften")
· p. 126

· p. 134 = main, with positive feedback

· p. 144 = main, with positive feedback

Feedback coils

Nührmann (vom kleinen Detektor zum …) specifies the dimensions on p. 136

Receiver design with positive signal feedback

Implementation examples

· Nührmann (vom kleinen Detektor zum …) p. 130, at the beginning of section 3.5

· Nührmann (vom kleinen Detektor zum …), p. 108

Proper measurement technique

Notes from Christiani

1. If the internal resistance of a voltmeter is finite, if the internal resistance of an ammeter is nonzero, the meter will influence the circuit, resulting in measurement error.

Voltmeter RIN is greatest at the highest voltage ranges, so always choose a high voltage range (the problem, of course, is poor readability).

2. When measuring multiple currents or voltages
Try to always use the same voltage range for all of the measurements. Then, at least the voltmeter's influence on the circuit will be uniform.

3. When measuring multiple currents or voltages
cf. Christiani p. S 101 (8/21), middle of page*

Assume we know we will be measuring VAB at points A-B. Also assume we know what voltmeter range we'll be using, so we know the voltmeter's RIN.

--> Place an equivalent resistor with the value of RIN in the circuit, so the voltmeter's influence will be there.

Of course, remove that resistor when making the measurement.

4. If the circuit is such that you can freely dimension the resistors:

At points where you will be measuring voltages, use fairly low-Ohm resistors. The reason: The current through these resistors will be high, little current will flow through the voltmeter. Thus the voltmeter's RIN will not influence the circuit very much.

Of course, you must always know the maximum power which the affected components can dissipate, Imax, Vmax. If low-Ohm resistors cause a current greater than Imax to flow, then you might be able to solve this problem by inserting two series resistors. Measure the current at the low-Ohm resistor (in accordance with this discussion). The resistor in series with that one limits the current to permissible levels.

Recommended literature

Terman, Electronic and Radio Engineering
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