
  

Transmitters

Electron Pumps
that convert
DC Power to

AC Power



  



  A mix of old and home brew gear, mostly for CW.



  Classic Drake Twins



  

Collins Gear mid shelf, s.o.t.a. Elecraft on the bottom shelf,
and Station Accessories on the top shelf.



  

An Oscillator converts DC energy to Alternating Current energy.

The Primary feature is the Operating Frequency.

Most oscillators used in Amateur Radio output a Sine Wave,
but triangular waves, square waves, and pulse waveforms are
also used.

Oscillators are known by their inventors:

Edwin H. Armstrong 1912 Alexander Meissner 1913

Lee de Forest  1915 Ralph Hartley 1915

Edwin H. Colpitts  1918 Franklin Reinartz

James K. Clapp 1948 Seiler Miller Butler

Abraham & Block 1918 Gill & Morell 1922

W.G. Cady & G.W. Pierce 1923

Wien

Vackář 



  

Resonant Systems
A child’s swing is a resonant system.
When energy is put into the mass by
a push the mass will swing back and
forth at a constant rate, a frequency
of swings per unit of time. The
amplitude will decrease over time
because of friction .

A constant amplitude of swing
requires a well timed push

An Oscillator combines a resonant circuit to set the frequency
with an amplifier to provide the energy to continue the oscillation.



  

Heinrich Barkhausen (1881-1956) said in 1921:
“For a positive feedback system, oscillation will occur when the
loop gain (the product of forward gain and feedback gain) has a
phase shift of zero and a magnitude of unity.” 

“Amplifiers oscillate and oscillators amplify”

Whenever the positive feedback gain of the entire system is
equal to or greater than one, the circuit will oscillate.

Barkhausen Criteria



  

Desirable Oscillator Characteristics

Frequency Stability: The frequency should stay constant for
long periods of time.
Measured in Hz of drift per hour.
May change due to temperature or supply
voltage.

Phase Stability: Small shifts in phase are due to random
                                  electron noise called “Flicker Noise”. 

Spectral Purity: A pure sine wave contains only the
Fundamental frequency.  Some oscillators
have harmonics which distort the waveform.
Typically 3rd and 5th.



  

Armstrong Oscillator  1912
Edwin Armstrong was the first to apply
positive feedback to a resonant tank
circuit from an Audion vacuum tube.

The “Tickler Coil” from the active device
returns a small amount of energy in
phase with the energy in the tank circuit,
ensuring continuous oscillations.

Armstrong later understood that adding an antenna to the tank
circuit and moving the tickler coil away so that oscillations did
not occur caused the circuit to greatly amplify the received
signals and also greatly improved the selectivity of the tank circuit.
The “Regenerative Receiver” was a mainstay of the amateur
community for many years.



  

This schematic of an
Armstrong Transmitter dates
from the early 1920s.

The Power Tube creates a
time varying current in the
coil Lp, which magnetically
couples to the antenna coil,
creating an alternating current
in the antenna wire.

An alternating current in a wire
creates electromagnetic waves
which radiate away from the
antenna.



  

Pierce Quartz Crystal Oscillator 1923
In 1923 W.G. Cody demonstrated to
G.W. Pierce the frequency stability
of a quartz disk oscillator. Pierce
then designed a vacuum tube circuit
that maintained oscillation.

“Rock Stable”

The Crystal operates in Series
resonant mode, creating a 180o phase
shift between the Drain and the Gate.

The 2-27pF trimmer cap provides some adjustment for the
crystal frequency.  The Pierce oscillator is probably the most
reliable of the simple oscillators for simple transmitter use.



  

Quartz: Silicon Dioxide
Piezoelectric: Electrical field bends the crystal structure.

Dimensionally exceptionally stable with temperature, so a
crystal does not change size. Resonant frequency depends upon
size, both disk diameter and thickness.

Many Standard Frequency Crystals and whole Oscillators are “on
the shelf” available, and custom Frequencies can be ordered with
a two week delivery for reasonable cost.



  

The first fully digital mode, 
invented by Alfred Vail, was 
coded with dots, spaces and 
dashes. A radio frequency 
carrier is switched on with each 
press on a key, also by Vail.



  



  

Spectrum Scan of a Continuous Wave Signal.
The Carrier is of Constant Amplitude and Single Frequency.
The only information conveyed is “I Am Here.”
When switched on and off in a controlled manner it can
carry meaning, such as with Morse Code. 



  

Simple QRP CW Transmitter

The Colpitts oscillator generates a continuous carrier signal.

The keyed amplifier only amplifies when the key is closed, sending
dots or dashes in Morse Code.

The Final Radio Frequency amplifier drives the tuned tank circuit
which is link coupled to the antenna.



  



  



  

Spectrum Scan of a carrier (central peak) amplitude modulated by a single tone.

Two Sidebands are created, lower than the carrier by the frequency of the tone,
and higher than the carrier by the frequency of the modulating tone.

It is these Upper and Lower Sidebands which carry information, tones or vocal audio.
The Carrier serves as a frequency reference and allows for accurate demodulation
of the sidebands.



  

This fine example of an Amateur
Homebrew Amplitude Modulated
1kW Transmitter is designed as
Modules which are rack mounted.

The exciter is crystal controlled, so
operation is on a single favourite
frequency.
Change the crystal to QSY.

Windows allow the operator to
access power tube performance.

The Audio Modulation tubes are
seen in the bottom window, while
the Radio Frequency Power tubes
are seen in the top windows.

All power tubes are Eimac 3-500Z.



  

An Amateur Station pre 1970



  

Low Pass Filter

Passes all frequencies
below 30MHz, Cuts
off everything in the
TV and FM band.
Prevents Amateur
Transmissions from
interfering with Broadcast reception.



  

Standing Wave Ratio Meter



  

SWR Pickups

Brune Bridge has good frequency 
range, and linear power response,
but must be trimmed for 
directionality and high frequency
compensation. Easy to build and
adjust for high accuracy.

Line Sampler  Not very sensitive 
at low frequency. 

Tandem Bridge  Good frequency
range and linear power response. 



  

Commercial Antenna Tuners



  VE3GSO SWR/Power Meter, C-L-C Antenna Tuner, Antenna Switch



  



  

Antenna Reactance, either Inductive or Capacitive,
does not Dissipate Power, but Returns Power
to the Source.

Forward Power

Reflected Power

The Antenna Tuner creates a Conjugate Match
for the Reflected Power so it is returned to the
Antenna along with the Forward Power.

The Transmitter sees a perfect load match and
no Reflected Power. Maximum Power is achieved!

Transmit
Power 100W

25W

125W
100W



  

    Dummy Load
A 50W non-inductive resistor
housed in a well shielded container
to prevent radiation.

Used for transmitter tune up
and testing.  The resistor may be
bathed in oil to increase heat
dissipation.

A simple 50W load can be
made with 20 of 1000W 2W
carbon resistors in parallel.

A large oil bath will triple the
Power dissipation.



  A Modern Amateur Station Layout



  

A Pre-WARC 100W Solid State Transceiver

In the late 70's this rig was a marvel of miniaturization.  It was reasonably stable after an
hour of warmup, delivered 100W output, and was within a modest budget.

Notice that the digital readout does not agree with the mechanical dial, a common fault
that drove some owners quite mad.



  

LARC Club Station  VE3LON
Icom IC-718 & LDG IT-100 Auto Tuner



  



  



  

Phase Locked Loop Oscillator Control
A Voltage Controlled
Oscillator uses voltage
variable diodes to set
frequency.

A high stability crystal
oscillator generates a
reference signal that
is digitally divided to
a lower frequency.The VCO signal is digitally divided in a

presettable divide by N counter.

Both low frequency signals are compared in a Phase Detector and
a voltage results which is the product of the difference in frequency.

The Low Pass Loop Filter removes any AC component and the
resulting error voltage drives the VCO to the reference frequency.



  

Direct Digital Synthesis

With the advent of high speed Digital to Analogue converters digital
techniques are used to create a binary numerical representation of
a sine wave, which is then converted to an analogue form.

A DDS system is capable of high stability, spectral purity, low phase
noise, wide frequency range, and is relatively inexpensive compared
to similar performance with analogue techniques.

Most modern Rigs use DDS for frequency control and DDS kits
are available.



  

DDS
Chip



  
N3ZI Kit DDS2  $79.00 plus shipping!



  Two Integrated Circuit DDS Variable Frequency Oscillator



  

Single Sideband Suppressed Carrier Generation

Phasing Method

Carrier and Audio are mixed in a balanced mixer to create In phase DSBSC.

90o Phase Shifted Carrier and Audio are mixed in a balanced mixer to
create Quadrature Double Sideband Suppressed Carrier.

When I and Q are summed a Upper Sideband Signal is generated.

When I and Q are subtracted a Lower Sideband Signal is generated.

The SSB signal is then mixed to the final transmit frequency.



  

Single Sideband Suppressed Carrier Generation
Sideband Filter Method

A Carrier signal is modulated in a balanced mixer to create a double sideband
suppressed carrier signal.

A narrow band filter passes one sideband and blocks the opposite sideband.

This Single Sideband Signal is then mixed with a second oscillator to the
desired RF band.

A 9MHz Carrier creates USB and when mixed with a 5MHz B.O. sums to create USB
on 14MHz  OR if subtracted creates LSB on 4MHz.



  

Single Sideband Suppressed Carrier Generation
Sideband Filter Method

The RF amplifiers used to increase SSB power levels must be 
highly Linear, which means signals are not distorted in any way.

Class A or AB
2
 amplifiers are used, which are less efficient than 

Class C, but do not distort the SSB signal.



  

Amplifier Operating Classes

Only Class A amplifiers reproduce the entire waveform cycle with 
little distortion. The price they pay is poor Power Efficiency, which 
means lots of waste heat in the amplifier.
SSB amplifiers must be Linear, amplifying without distortion.



  

Class C RF Output Stage

Useful for CW and FM transmitters

An RF Choke applies B+ to the Transistor Collector

An Impedance matching Low Pass Filter converts the fC pulses
to a fair approximation of a pure sine wave.

The Collector Impedance is very low, just an ohm or two. A typical
Load is 50W.
Note that the drive waveform is limited by the B-E junction
forward current draw.  A digital square wave drive is often used
in QRP designs.



  

TAPR PennyWhistle  250mW to 20W Wideband Linear Amplifier



  

100W Push Pull Output Stage



  

HF 250W broadband Linear Amp

ARRL Handbook Pg 17.33  160m through 6m Amp.
5 to 10W of drive results in 250W of output into a 50W load.



  

Home Made 1 kW Linear Amplifier



  Single FET RF Device turns 3W into 1000W



  

VHF 15W Power Amplifier

PC Board Low Impedance Inductors used as part of circuit matching.

Surface Mount Ceramic Capacitors provide excellent Bypass and
Shunt C for Filtering and Impedance Matching.

Low Voltage Bias Circuit keeps Output Transistor in Class B for
high efficiency.
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