The Best QRP Amp in the World

The DL-QRP-PA

By David White, WN5Y


The Germans are the number one producers of solar cell equipment and panels. Their fine engineering in German cars has been known for decades. However, did you also know that the most influential QRP club in Germany also makes the best QRP amplifier in the world, backed by years of research and 1400+ kit sales?


Rarely talked about on the mail reflectors in the United States, this little known amplifier has been selling like hotcakes in Germany and Europe for years. The DL-QRP-PA has replaced the output amplifiers in the NorCal40, the SIERRA, the Index QRP+, and many homebrew rigs with very satisfying results.


The Original PA
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The first QRP amplifier released by the DL-QRP Club was a 1-3/8” by 1-3/16” board using SMD parts and two SC1971s in a push pull PA. Designed for the very lowest harmonic levels and absolutely stable with 11V to 15V, the amplifier produced an output level of 9.7 Watt to 7.5 Watt between 1.8MHz and 50MHz with a 200 to 300mV drive level. Gain figure was 37dB +- 1dB.

The designer for this board was Helmut, DL2AVH. One of his experimental results of realizing an excellent QRP amplifier was that miniaturizing of semiconductor power amplifiers was necessary because of the very high currents even in 5 Watt RF amplifiers. Helmut found when he compared a 5 Watt tube PA to a semiconductor PA that any two points in a semiconductor PA have to be 600 times shorter then in a tube PA. 

Another result of his experiments was to achieve the lowest harmonic output, with very little additional expenditure; a push pull design worked the best. Since most Amateur Radio builders do not have commercial test benches, power amplifiers go through a lot of abuse - mostly from drive overload. An overload to a single ended PA is the equivalent of a harmonic gun. Only a very little increase of harmonics is shown with a push pull PA. 

Another economic benefit is less stringent requirements in the low pass filter. One properly designed filter can be used for two bands, i.e., one for 40/30 meters and one for 20/17 meters saving on several toroid cores. The reason is push pull amplifiers reduce the second harmonic of the fundamental frequency.


A first batch of 100 in 1998 was shipped for testing in kit form and to members of the DL-QRP-AG club. The result was no one had any problems with the RF output. The PA was installed in nearly all the well-known QRP rigs. Test of harmonics in a SIERRA were at least –65 dBc below the carrier. This PA had a very successful 7 year run with >1000 kits built all over the world.


Unfortunately, the manufacturer discontinued the 2SC1971 RF transistor and a redesigned PA was necessary. The German engineers at the DL-QRP-AG Club turned adversity into its opposite and designed an even better PA for those complaining very loudly that they did not like missing out on an excellent QRP amplifier (one of which was the author).


Second Design
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German QRP Club Designer Peter, DK1HE used a Mitsubishi 12 Volt 30MHz VMOS Family RDxxHFF transistor for the evolution of the QRP Project PA. This design used 10mW drive for 10 Watt output. 


The driver transistor was a RD06HFF and the finals were 2 RD16HFFs. Quiescent current for all three transistors were adjusted for absolute stable working conditions. The RD16HFF is a 15 Watt transistor run at 10 Watts giving a clean output by avoiding overdriving the transistor.


The transistors were placed in line on the backside of the board for mounting to the side of an enclosure for adequate heat sinking and easy mounting.


The same attention was paid to miniaturization and a push pull output for the best in low harmonic output and stable operation as the original design. The result was a board that is 2.2” by 1.6”, just a little larger than the original PA.


Peter Zenker, DL2FI, (in email correspondence) noted that over 400 have been sold so far with most of the kits being installed in SDR rigs. Peter wrote, “We are just implementing it in a new allband SDR Transceiver, a special ‘No SMT’ design, which will make the SDR technique available for the older Hams.”


A Broadband Interface for any Receiver


This design was used to convert the author’s Electroluminescent Receiver Kit to a CW transceiver. Additionally, it can be used with any receiver (with a stable VFO) for CW transceiver operation. Broadband circuits are used with bandpass filters to provide a clean signal for the final PA.


Block Diagram
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A design for 40 and 30 meters will be presented. Modifications are very easy to incorporate into the design. 


Be sure to include capacitor coupling (.01) between the stages. The inputs and outputs of the LM1496 and the input to the 2N5109 have bias voltages that must be protected for proper operation.


Shielding should be used between the stages. Use shields that are as high as the circuitry enclosed. Keep the LM1496 section as far away from the DL-QRP-PA as is practically possible. 


LM1496 Mixer, Keying Circuit, Mute, Oscillator
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A double balanced Gilbert cell mixer, the LM1496N, is used to interface with a receiver. Since drive levels for the mixer are so low (~100mV to 200mV), a very low value capacitor (3.3pf would be a good starting point) can be used in the receiver to pick up the VFO signal. Low coupling capacitance minimizes pulling the dial calibration of the receiver. Cable length also plays a factor in the attenuation of the signal from the receiver.  Once you have found a value for the coupling cap for the VFO, keep the same cable length to the LM1496.


The VFO input for this schematic is 14 MHz with a 4 MHz oscillator for operation on 30 meters and an 11 MHz VFO for operation on 40 meters. The VFOs are switched in the receiver for the two bands when used with the Electroluminescent Receiver.


The frequency of the crystal in the oscillator, added to or subtracted from the VFO, generates the frequency of the transmit signal. If the receiver is a single conversion superhet, the first oscillator of the receiver might be used. Use the receiver oscillator signal (with a coupling capacitor for .2V P-P drive) in place of the oscillator and input into Pin 1. However, the receiver oscillator may not place the output signal at the right offset for CW operation unless the oscillator is pulled with a switched varactor or capacitor in the oscillator tank circuit.


Crystals can be ordered from ICM (Oklahoma City, OK) or Peterson’s crystals at reasonable prices. L1 and C1 can be used to pull the crystal to get the proper offset for CW operation. The 180uH value for L1 was the best value for pulling a 4 MHz crystal. 

For stand-alone operation, build the VFO for one-half the frequency you want to use, feed both inputs to the LM1496 and let it double the frequency of the VFO. A low frequency VFO has better stability.


The circuitry at the top of the schematic (Q5) is the shaping circuit for keying the LM1496 and mute voltage for the receiver. 

If the oscillator (Q12) is the same frequency as the crystal filter in the receiver, shielding the oscillator will prevent it from getting into the receiver. No problem with chirp or pulling was noticed with this design. 

The output of the mute circuit (Q4) is +12 Volts that may need adapting for the receiver mute input. Changing to a NPN (2N3904) transistor and grounding the emitter will give a grounded output. Leave the spot switch connected to +12 Volts.


The broadband output allows any combination of frequencies at the inputs of the LM1496. Make sure you don’t have an in band signal by mathematically running your mixer products to the third product. An example is using a 3.547 MHz crystal with a 10.547 MHz VFO for 40 meters. The 3.547 MHz crystal doubled to 7.094 MHz – right in the middle of the band!  

The LM1496 output circuit comes from the AN531/N On Semiconductor datasheet.


Post Amplifier and Bandpass Filters
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The ubiquitous broadband 2N5109 amplifier is used to amplify the signal from the output of the LM1496 mixer through the filter. 


A Pi resistor pad (3 dB is used for 5 Watts) can be inserted between the 2N5109 amplifier and the bandpass filters to modify the gain as desired.  The pad also guarantees a 50 ohm input for the filter.

Shown are BPF filters for 40 and 30 meters. A switching circuit will be needed with multiple filters (not shown).


Post Filter Amplifier and DL-QRP-PA


The Post Mixer Amplifier is the same 2N5109 amplifier as above. A Pi resistor pad of 3dB is recommended between the output of this amplifier and the DL-QRP-PA for maximum stability. A pad of 6dB sets the output level of the final PA to 5 Watts with a 12 Volt power supply. The PA’s maximum power supple level is 13.8 Volts, which increases output.
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A heat sink is mounted on the transistors of the DL-QRP-PA and is surrounded by shielding that is at least as high as the PA. If a top is used, make sure there are plenty of 1/8” holes for circulation of cool air. A top is not always necessary for adequate shielding.


Low Pass Filter
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Elsie, free software from Tonne Software, was used to develop this filter. Seven sections were needed to lower the second harmonic of 40 meters down –21dB. 


How much the balanced PA cancels out the second harmonic will determine if the second harmonic of 40 meters meets FCC specifications. The harmonic could not be heard in the author’s station receiver. The 30 meter second harmonic is down >-60dB. Both of the author’s Spectrum Analyzers need repair and tests have not been run to verify FCC specifications. 

Conclusion

The DL-QRP-PA is an easy kit to build. One afternoon soldering the board, searching through the junk pile for a heatsink, mounting the heatsink and it was ready. During the process of experimenting, the PA was abused a lot and never gave up the smoke. Keep key down periods short.

Ordering the kit from Germany was amazing smooth. Peter Zenker and company makes ordering the kit with PayPal a no hassle operation. PayPal makes the necessary currency conversions, a quick response from Peter thanking you for the order, then wait about a week for the kit. Instructions are simple and thorough. 

Any feedback or suggestions would be greatly appreciated (wn5y@yahoo.com).
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