TOP BAND (160M) QRP CLASS E
TRANSMITTER MANUAL

INTRODUCTION

This project is a high efficient low cost 160 meter (top band) transmitter. The complete PA has a

tuning and ‘L’ match, and a low pass filter (LPF) to reduce the third harmonic. The filter as built has
harmonics reduced to a level of >-40dB. It is not recommended to use this transmitter without the
filter because of probable interference to adjacent bands (80m and 40m). The filter prevents this.
The efficiency of the PA is approaching 90% and operates at a 12V (13.8V) for the maximum allowed
RF output (pep) of 35W (reduce the PA voltage if the RF output is greater).

IS A KIT AVAILABLE?

There is a kit available for all the modules if you want to obtain all the parts from one source.

The kit supplied will include ALL the parts required to be able to use it on air. All that is needed
outside the kit is a VFO or xtal osc), microphone, power supply (12V) and antenna (suitable 50Q
resonant). A mechanical assembly is not supplied and is left to the individual to build the kit into a
suitable metal enclosure.

A Picking list (See End)

For those that have a stock of components (shack junk box) a list of parts is available for you to
choose from. It must be emphasized that if your own semiconductors are used they must be
‘branded’ types otherwise the efficiency and performance may suffer due to using poor grade parts.
It is also recommended to use silvered mica padding capacitors fitted across the antenna terminal.

VFO

This can be any stable sine or (preferably) square wave at the transmitter frequency. The VFO can be
MRII which is a very versatile and has lots of extra functions including several different IF off-sets if it
used in conjunction with a transceiver set up. Other VFOs such as one made with an Arduino or even
a crystal oscillator albeit at a fixed frequency unless some form of crystal pulling is employed. A
ceramic resonator type can also be used but it must be emphasised however, that the oscillator
(whichever type used) must be stable to avoid asymmetric sidebands (one sideband lower output
than the other).

PA

A Class E amplifier achieves high efficiency due to the fact that when ideally tuned there is no
appreciable time overlap between the above-zero voltage applied to the FET drain and the above-
zero current flowing through it. Obviously there must be volts for current to flow — the flywheel
effect of the PA tuning produces this. The point is that when the FET changes state from on to off or
vice versa, the source-drain voltage is almost zero, so no appreciable power is lost as heat as the FET



switches. To achieve this, the PA is tuned for the required phase relationship between Volts and
current. There must be a reactive element present to achieve this, so conventional resonance tuning
resulting in a purely resistive impedance transformation won’t work.
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A QRP PCB is used for this project and is similar with the PA PCBs for the other bands except is has
one FET (IRF640) per side of the push pull system.

The PCB fully populated is shown here...




The Transformers.

This is wound with two lengths (about 2m) of (solid core) 1mm wire wound side by side on a T200-2
toroid. The primary is shown here as yellow. This coil has nine turns then it is twisted and then
another nine turns completes the primary winding. The secondary shown white is a continuous
eighteen turns.

The twisted yellow is cut to length and taken to the modulated HT supply. The two yellow ends are
the FET Drain connections. The continuous white lead is the secondary and one end is connected to
ground (oV) and the other end is connected to the ‘L’ match coil L1. For 160m the number of turns
on the T157-2 toroid is seven using the same size (1Imm) wire.

160m 7 turns on T157-2 or T200-2

" 80m omit L1
/ 40m 1 turn or omit

160m approx 2800pF
80m approx 1500pF
40m approx 1000pF

It can be seen that the parallel capacitance is approximately 2.8nF. This is made up of a 1nF trimmer
and a parallel silvered mica fixed capacitors. The output should be connected to a 160m low pass
filter (LPF).



LOW PASS FILTER (LPF)

The LPF can be made up using T68-2 toroids (T50.2 can be used) with about 28 turns of enamelled
covered wire. The wire diameters can be smaller than that used for the PA transformer and 22 SWG
or larger can be used. If an inductance meter is available, the inductance cab be checked and the
number of turns selected for the required inductance (5uH). The capacitors can be polystyrene or
silvered mica. Be careful when soldering polystyrene capacitors. If excessive heat, caused by the
soldering iron on the leads for too long will cause the capacitance value to change (permanently)!

The 50R resistors either end of the filter is showing the represented impedances of the PA and the
antenna. They are not physical resistors and should not be connected.
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MODULATION

A simple series type modulator can be used for this and one recommended is a TDA2050 type which
is also available as a kit. The output of the TDA 2050 is connected to a pair of 2N3055 type power
transistors to provide modulation drive to the PA. No modulation transformer is used enabling good
quality low cost modulation.

See next page...



3.1 Circuit Description / diagram
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The TDA2050 modulator kit as built..




And the power transistor mounted on a suitable heatsink...

MICROPHONE SPEECH AMPLIFIER

The modulator as shown above has a line—in input level so a microphone preamplifier has to used to
increase the level from a microphone. It would also be prudent to use processing of the microphone
stage to provide AGC and more essentially, frequency tailoring. Ideal this should be 300Hz at the low
end and 2.7kHz at the top end. One recommended is FAT-MAX which is also available as a kit.

| 12V

fl» FATMAX »|i

Process




PA TUNING ('L’ MATCH)

This section describes the PA tuning method and the author cannot over-emphasize the importance
of following this procedure. Ignoring it is the sure way to a big shipment of replacement FETs! The
traces below are from the author’s test transmitter and are typical of what can be expected.

Equipment needed

Oscilloscope with Y response better than 20MHz

Ammeter with 5A FSD if not integral with PSU

In-line wattmeter e.g. Bird thruline with 50H or 100H slug or any calibrated wattmeter.
50 ohm dummy load

General purpose Multi-meter

Apply an oscilloscope probe to the drain connection of one of FETs. It may help to solder a small off-
cut of wire to a FET drain connection to act as a test pin for the ‘scope probe. Set the Y input to AC,
20V per division and the timebase to 1usS.

Connect a single pole single throw (SPST) switch on the PTT pins.

With 12V (13.8V) applied to the pins on the PA PCB, the VFO connected and the PTT pins operated
so that the pins are grounded, the pulse amplitude (pins 7 and 8) of the comparator should be 4V (or
very near) squarewaves at the VFO frequency. Pin 8 will be the complimentary (180 deg opposite)
phase of pin7. These squarewaves should also be seen at pin 1 of the FET Drivers (TC4422). The
outputs of the TC4422 drivers are connected to the gates of the IRF640 FETS. Placing the scope
probes on the gates of the FETs a larger squarewave (8V) will be seen in a working circuit. There will
not be any waveform, other than a small leakage, on the drains because there is no voltage
connected to them yet.

Q 1.900MH

If all is OK at this point the PA voltage can now be applied (bypassing any modulator).



Tuning The PA

The power supply should be no more than 6V at this stage and an ammeter is connected in series
with the power supply and the PA transformer centre tap with the 100nF 250V capacitor to ground.
Start with the voltage at zero. Connect the antenna output (the LPF can be omitted at his stage) into
a wattmeter and dummy load and a scope probe (X10) connected to one of the FET Drain terminals.
Set the scope ‘Y’ to AC and 20V per division. Set the ‘X’ timebase to 0.1uS. With all connected slowly
increase the DC voltage to 6V. The current shown on the ammeter will be quite low and could be
well under 500mA. The wattmeter may read a few hundred milliwatts. Adjust the preset capacitor
fitted in parallel with the silver mica’s and observe the waveform on the scope. It should resemble as
shown here...

Observe the oscilloscope trace, which should resemble the image shown here...

Note the waveform is reasonably symmetrical being a bit wider at the trailing edge and around 20V
in amplitude. The scope is showing the drains of two FETS in push pull. For setting up only one FET
drain measurement is needed. It will then be prudent to check the drains on both sets of FETS.

When all looks OK, slowing increase the DC (PA) to about 10V and observe that the current also
increases and the power on the wattmeter will also increase. Check or set the waveform on the
scope for the correct shape as it may change during an increase in power output. Finally when all is
satisfactory the voltage can be increased and with the correct shape waveform the power should
increase along with the PA current. Increase the voltage until 25W is the output power shown on the
wattmeter. Take a note of the DC voltage measured at the centre tap of the RF transformer and
multiply it with the PA current as shown on the ammeter, this will provide the wattage input value.
To measure the PA efficiency, divide the measured input wattage into the power output shown on
the wattmeter and multiply the result by 100. This will show the PA efficiency. For example if the DC
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to the PA is 28V and the ammeter reads 4A the power input to the PA is 112W. If the power output
shown on a ‘calibrated’ RF power meter is 100W, the PA efficiency can be found by 100/112 = 0.89 X
100 = 89%.

When all is set up with the correct waveform and good efficiency the modulator can be connected in
circuit.

Use a Scope to Measure RF O/P

The oscilloscope (scope) is a laboratory instrument and most have self calibration so that the
waveforms will be accurate in amplitude and duration. Set the Y amplitude at 20V and the timebase
at 50nS and use a X10 (calibrated) probe. Place the probe on the RF output with or without the LPF
and no modulator connected and a 50Q dummy load connected.

When the waveform is as shown, with amplitude of 100V the RF is 100W.

The scope is displaying a peak to peak waveform which is 2.828 times the root-mean-square (rms).
As Vpp =2.828 X Vrms, the Vrms = 0.3535 X Vpp.

Average power Pav = (Vrms)? + R.

Looking at the scope it shows a pp of 100V so, using the formula Average power (100V) (Vrms)? +
50Q =100 X 0.35352 + 50Q = 100 X 0.3535 X 0.3535 = 35.35 X 35.35 = 1249.6225 + 50 = 24.99245W
So the 100V pp waveform provides the power as 25W.

Just use the pp waveform on the scope multiplied by 0.3535 then multiply the result by 0.3535 and
divide the answer by the 50Q load. This is a very accurate reading providing the scope and the probe
is calibrated.




POWER SUPPLY

Almost any suitable power supply can used either mains or battery providing the current capacity
allows. Switched mode supplies (SMPSU) can be used provided they are EMI filtered.

Soldering (health n’ safety)

To help remove the toxic fumes away from you, a fan is placed near the soldering station so that it
attracts the fumes and takes them away.

Mounting Power Devices
Secure the 7808 regulator with 8mm X M3 screw, flat washer, crimp washer and nut
TC4422 use 10mm X M3 screw with mica kit, flat and crimp washer and nut.

IRF640 use 12mm X M3 screw with mica kit, flat and crimp washers, two solder tags and nut.

Don't forget to add the angle aluminium heatsink between the power devices and the PCB. The
heatsink should be mounted on the top of the PCB and the devices placed on the heatsink.

Test for any shorts to ground before soldering.

Order of component placing

After the larger parts and pins are fitted the rest of the capacitors and resistors can be in any order
but maybe an idea is to work from say, top left to right and then populate the rest of the board. One
preferred method is to fit all one type first such as capacitors then resistors and any other parts,
diodes etc.

Larger parts fitted...
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Parts List
Component Value Ident / Info Quantity
Resistors 10k 8
Capacitors 100nF One at 2.5mm and 5 at 5mm spacing 6
Capacitors 10uF Electrolytic 1
Capacitors 22uF Electrolytic 1
Capacitors 47uF Electrolytic 2
Capacitor 1nF 1kV Ceramic 2
TC4422 FET Driver 2
IRF640 FET 2
LT1016 Precision Comparator 1
7808 8V Regulator 1
78L05 5V Regulator 1
Relay 12v VK19-DC12V or MCB-5-212-C-M 1
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Connector DIL pins 2X2
SMA socket VFO IN 1
PCB GwaLlJ Commercially made 1

Screws, nuts and washers 5 sets
Solder Tags For IRF640 Drains 2
Mica insulator kit (Not needed for 7808) 4
IC socket 8Way DIL For LT1016 1
DIODES 1N4148 3

This is a fully supported product. Advice and parts are available at any time.

Thanks,

Eric GWS8LJJ ericgws8ljj@outlook.com
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