
Announcement — Second ARRL Homebrew Challenge 
In 2006 we sponsored a successful competition for a 5 W voice/CW transceiver that could be built for $50. Here’s a chance to boost that power to 50 W.
Our first Homebrew Challenge, announced in QST for August 2006, offered a prize for the best 5 W, 40 meter, CW and voice transceiver our readers could build for less than $50 of new readily available parts.1 There was considerable interest in that project and we were happy to announce two winners with their designs published in two QST articles in 2008.2,3 

The Next Challenge

Low power (QRP) operation is fun, but often a little more power is even more fun. For our new challenge, we ask readers to design, or adapt a published design (with appropriate credit), and build a 50 W amplifier to follow a 5 W/40 meter transceiver. This could be used behind one of the radios from the original challenge, or from other QRP radios at similar power level. There will be two cash prizes for this challenge as described below. In addition to the prizes, the winners will receive the usual QST page rate for published articles. 
The Concept 

The amplifier must operate on 40 meters. It must operate as a linear amplifier capable of accepting a QRP input signal and putting out a minimum of 50 W PEP into a 50  load. It must meet all FCC requirements for spurious emissions. The amplifier must include control circuitry to switch from transmit to receive through a single contact closure and provide a path from antenna to receiver during receive mode. Feel free to take full advantage of Rick Campbell’s two part series “Designing and Building Transistor Linear Power Amplifiers,” starting in the February 2009 issue of QST.
The Basic Requirements
● It must meet all requirements while operating from a 13.8 V dc power supply. 

● It must put out 50 W PEP on 40 meters with a 5 W PEP input. 
● It must be a linear amplifier with third order and higher intermodulation products must be below –28 dBc as measured using the procedures described in the ARRL Lab product review Test Procedures Manual (see www.arrl.org/members-only/prodrev/testproc.pdf for details).
● It must be capable of key down operation at 40 W CW output for 5 minutes without more than a 5% reduction in output level. 

● Single contact transmit receive switching is required. 

● Parts must be readily available either from identified national retailers or by mail order. No “flea market specials” allowed. 
● The total cost of all mechanical and electrical parts required for duplication of the amplifier cannot exceed $125.

● All entries must be received at ARRL Headquarters no later than February 28, 2010.

● The amplifier that meets all the basic requirements at the lowest cost will receive a proze of $200.
Additional Attributes
An additional prize of $300 will be awarded for an amplifier that meets all the basic requirements and, in the sole judgment of the judges, provides the most useful mix of the following additional attributes within the $125 cost limitation..
● Full output with an input lower than 5 W, perhaps as low as 2 W, to allow operation with other popular radios.

● Use of aluminum oxide or other types of power transistors rather than beryllium. See A Word of Caution below.

● Operation on additional bands besides 40 meters.

● Operation in support of full break-in (QSK) mode. 

A Word of Caution

Some RF power transistors, and even some conduction cooled vacuum tubes, are built on a beryllium oxide substrate or heat conduction base. Beryllium oxide is inert and safe if properly handled. If crushed, drilled or filed, however, the resulting dust can be fatal if breathed. Many new power transistors use an aluminum oxide substrate that avoids this problem. 

It is recommended that aluminum oxide be used if possible. If you do choose to use beryllium based transistors for your amplifier, please treat them with the respect that they deserve, and dispose of them as hazardous material outside of normal household waste disposal channels if they fail or are no longer needed.
The Submission Package
Each entrant must submit all of the following no later than the cutoff date above.

● The fully operational amplifier.

● A documentation package including a draft QST article with a discussion of the design considerations and tradeoffs; include a description of the construction techniques. The article will also include test and alignment steps, operational instructions, along with a readable schematic with a list of all parts used, their source and price. 

Those who do not have the capability to measure the desired and undesired output products accurately may submit amplifiers early for an unofficial pre-test in the ARRL Lab. Allow two weeks from our receipt to notify you of the results and ship the amplifier back, if needed.

The station will first be evaluated in comparison to the basic requirements by the ARRL Laboratory. Entries determined by the Lab to be acceptable on the basis of FCC spectral purity and output requirements will be further evaluated by the QST Technical Editorial Staff.
All winners or others selected for publication will be required to execute our usual author agreement conveying publication rights to ARRL. 
Questions and Answers

All questions about interpretation of rules should be directed to me at w1zr@arrl.org. This page will be updated as new questions are raised and responded to. Each questioner will receive an individual response and will have their Q and A appended anonymously below.

Initial Release January 22, 2009
Q 1. You specify that T/R switching is to use “a single switched contact”. In more common switch nomenclature, is this limited to an SPST switch, or would an SPDT be considered OK? 

A 1. The switch contact referred to is in the transceiver not the amplifier. The amplifier needs to change to transmit mode on the grounding of a single lead that is normally connected to the transceiver. The switch does not need to be in the amplifier parts count.

Think of the usual TR keying connection between a typical HF transceiver and a linear. If your transceiver doesn’t support this function, a SPST switch can be used instead and it is not considered part of the amplifier.
Q 2. Does this mean that a single SPDT contact is allowed in the signal path to switch the antenna from amplifier output to receiver input or are multiple contacts allowed as long as a single control such as a switch contact closure switches the amplifier in and out operation. If a single SPDT contact is all that is allowed, are switching diodes, such as PIN diodes, allowed in the signal path?

A 2. See A1. Any working switching mechanism in the linear may be used to switch the antenna, as well as other required connections. It could use relays, diodes, your choice — just as long as it all happens by the grounding of that single lead from the amplifier.

Q 3. Must the cost of a heat sink be included in the total project cost? 

A 3. Yes, all electrical and mechanical parts need to be included. You don’t have to start with a commercial unit, however, perhaps one made from aluminum angle or PC board?

Q 4. Is the HBC open to members from other countries?

A 4. By all means! We would be delighted to have HBC entries from around the world. The only requirement is that parts used must be available from US dealers, or have US equivalents. For calculation of project cost, the costs from US dealers must be used even if overseas costs are different.
Release January 30, 2009
Q1. There's no requirement for operation into a mismatched load. So, it 

could legally self destruct if operated into, say, 1.2:1 VSWR?

A1. While it must meet specs operating into a 1:1 load, amplifiers must operate at reduced performance into a 2:1 resistive load (25 and 100 ohms) without damage.

Q2. Does the amplifier have to operate in a particular environment (e.g. room 

temperature on the lab bench)?  If you had a heatsink that needed air 

flow, can you require an external source of flow, or a particular 

orientation of the amplifier so that convection works (e.g. the early 

Flex-radio SDR1000s bareboard stacks would operate fanless if on their 

side, so that convection cooled the DDS, but not sitting flat on the 

bench.)

A2. It must meet all required specifications while evaluated in the ARRL lab screen room. This room does not offer any air flow or temperature control. Operational constraints can be observed by the testers and will be considered if deemed by the judges to be reasonable in normal operation. Thus a particular side could be required to be up or down, if it will stay in that position using gravity. A requirement that it be suspended 1 foot above the workspace would not be considered reasonable.

Q3. The article doesn't say if it has to be in a case or packaged in any 

way. Coax connectors on flying leads or a bare PC board are ok?

A3. We want to be flexible here. No particular connector type is required, however, it must meet, in the view of the judges, a test of reasonableness for use in an amateur station.

Q4. No requirements or evaluation on efficiency? Can run Class A, for 

instance? Could use diodes for RF switching instead of, say, a relay?

A4. Efficiency is not a requirement, although could be considered an additional feature for the additional prize. No particular requirement for switching mechanism is established, however, switching must occur. 

Q5. Any loss spec on the receive path when the TX is off? Jokingly, you 

could just turn off the power, and rely on the poor reverse isolation 

through the amp as the "connection", which only needs to be enough to 

keep the amplifier from oscillating. You're only asking for 10dB of 

forward gain.

A5. This comes down to reasonableness. Switching is required, not just parasictic or other coupling. I would think a receive loss of more than a few dB would be considered non-compliant. 

Q6. Is manufacturing/machining labor counted in the $125 parts cost? Say 

you have an aluminum box and heatsink that you can buy already 

fabricated for $200. OR, you could say, use a NxM inch sheet of 0.065 

aluminum, bend, drill, and cut as indicated in the drawing.   Likewise 

PC board fabrication?  If I lay something out and send it to PCBExpress 

and get a board fabbed for $50 as a one-off, but I provide drawings to 

fabricate your own, do we count the cost of the copper clad, or the cost 

of board including etching, drilling, trimming, etc.

What about inductors and transformers, which can be bought already 

assembled, or built yourself?

A6. Home assembly of components is permitted if it can be accomplished with normal amateur hand tools.
Release February 2, 2009
Q1. Which, if any of the following are to be counted against the BOM cost? 
A1. The general rule is that usual "ham shack workbench" consumables that are generally purchased in larger quantities than will be used in such a project need not be counted. Of those, I would include the following from your list:

Hardware (nuts, screws) 
Heat sink grease  
Adhesives 
Tape (insulating and copper) 
Wire and Coax 
Plastic tubing 
Paint 
Solder 

The following would need to be counted:

PC board

Enclosure (if used -- not required, if can be operated in a stable way on a usual bench without an enclosure).
We want to be flexible here, however, it must meet, in the view of the judges, a test of reasonableness for use in an amateur station.
Q2. Would a source of cooling water be available, if so, at what flow rate?  

A2. No cooling water is available in the lab test area. Water cooling is ok, but must be self contained. You do not need to provide the water, we can fill per your directions, but this will happen elsewhere and it needs to operate and pass tests without benefit of additional water.

Q3. Would the sinks be required to be at ground potential (for preventing electrolysis)? 

A3. See above -- it has to work in our lab.
Q4. What are the maximum allowable exposed voltages that would be permitted?  

A4. The amplifier needs to operate from 13.8 V dc. If you generate higher internal voltages, they must be covered. Again the "reasonableness test" applies.

Q5. What is the maximum exposed temperature? 

A5. Insufficient to cause injury or fire. Again the "reasonableness test" applies.
Q6. What is the maximum VSWR the linear is to present to the transceiver driving it? 

A6. 2:1

Q7. What is the maximum signal attenuation permissible when in the receive or bypass mode?

A7. This also comes down to reasonableness. Switching is required, not just parasitic or other coupling. I would think a receive loss of more than a few dB would be considered non-compliant.
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