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By Chris Page G4BUE

The propogation experts are divided as to whether we are yet into the new
cycle, but what is certain is that if we aren’t we are not very far away.
Sunspots will soon start increasing and with them come better HF conditions,
S0 now is the time to think of milliwatting again, Milliwatting is the name
given to working DX with milliwatt power levels, and it became very popular
Quring the peak of the last sunspot cycle.

A quick look at the theory first. A reduction in input power from S watts to
150m4 is a reduction of 15dB, and assuming 6d8 per 'S’ point, is equivalent
to a drop of 2.5 'S' points. So whatever signal report you get from the DX
station with your 5 watts, 150mW will only drop you between 2 and 3 'S’
points.

Now the technique, just concentrate and improve on everything you already do
to work DX with QRP! Seriously though you must concentrate even more on the
matching and efficiency of  your antenna, keeping the feedline as short as
possible, and removing everything between the TX and the antenna, such as
antenna 'switches, SWR bridges, otc. - they all have a slight insertion loss.
You must make sure that you send CW perfectly, whether you are sending at 10
or 30 upn. Finally a study and knouledge of propogation will be rewarded by
knowing the best band and time of day to work particular areas of the world.
I have found that DX which can be easy to work with 25mW can be very
aifficult to work an hour later with 5 watts as the propogation changes.

A big advantage in paying attention to the areas mentioned above is that if
you adopt the lessons learnt whenever you operate, whether with QRO or normal
QRP, you will find your success rate increases considerably and you become a
betfer radio operator. For instance an antenna that can work the USA with
Just a few m of RF has got to be Working properly. I often use milliwatting
£o test new antennas or when making adjustments to them.

My own interest in milliwatting started when I read an article by Brice
Anderson, WIPNE in SPRAT No.16, way back in 1978. Brice had been using
milliwatt power levels for some time, and had obtained WAC, WAS and worked 36
countrios with only 500mH input. He used an outboard vaive (6AUGA) PA with
his Drake TAXD transmitter. With 3v negative bias supply on the grid, 500
input was achieved with 0V at 5.5mA plate current. Brice was able to vary
the plate voltage so that 45v at 2.7mA gave 120mW and 22.5v at 1.2mA gave
Just 27mA.

The thought of working DX with the absolute minimum amount of RF necessary
appealed to me, and I began wondering just how low in power one could go and
Still work DX. The results T achieved absolutely staggered me and far
excecded my expectations. T am now looking forward to the improving HP
conditions, especially on 21 and 28Nz, to continue where I left off in 1981.
If you are looking for something different, or seeking a new challenge, then
read on and get ready for the new sunspot cycle.

The first thing is to decide what the source of your milliwatt RF is to be.
The simplest way is to just reduce the drive of your existing QRP
transmitter, but soon yol will want to know exactly what power you are
running and’so sometning more sophisticated has to be used. Many good simple
TX circuits have appeared in SPRAT over the last few years, and many of them
are suitable for milliwatting. My OXO and STX transmitters both work at
600md input, and have given good accounts of themselves with milliwatting at
that level. Their disadvantage is that you cannot change quickly from one
power level to another. One way Of getting over this is to use an outboard
TA with “variable voltages like Brice, or, as 1 did, modify the existing ORP
black box.

At that time I had just purchased a Ten-Tec 509 Argonaut for gemeral QRP

work, and decided to modify it for milliwatting as it has an excellent
receiver and QsK. There is no reason why any other QRP black box cannot be
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In order to accurately measure input power the installation of meter(s) in
the +12v line to the PA to read current was therefore essential. I decided
that 1A and 100mA meters would enable me to measure input power from the
standard five watts down into the milliwatt range. These were installed in
an external cabinet and wired into the 12v line to the RF Amplifier Board
(80185) as shown in Fig. 2. Note the use made of the "AUX" and "REC ANT"
Sockets to get the wiring in and out of the Argonaut without drilling more
holes in the rear panel. Simply disconnect and tape up the existing wiring
to the sockets and re-connect one to the +12v line and the other to Ll.
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[image: image3.png]I checked the +12v line and on finding it to be exactly 12v calculated the
following values:-

83ma 7508 input = 62mA

5 watts input = 417ma 1 watt input
- 20mn 1508 input = 12.5mA

500m input Alon 250m input

It is not possible to measure current much below 12.5mA as the standing
cutrent of the Argonaut is l0mA.

1 was now ready to see what 500mW input could achieve, but before trying it I
checked to see how much RF was indicated on the Argonaut's meter - nothing!
I could not see how such a small amount of RF, that did not even register on
the meter, could be capable of making a QSO. The moment had come to try

milliwatting - 21Miz and there was an SP station calling CQ - swing the beam
cast and "SP2HZD DE GABUE QRP PSE" and Wow!, he came straight back and gave
me 589, and I was hooked!! I couldn’t believe it and had to check the meter

readings to confirm that I really was only using 500mW. There then followed
a UBS who gave me 553, and then after lunch WA2PJG gave me 559 for my first
trans-Atlantic millivatt QSO. During the next few days I got used to having
Q505 without any reading on the Argonaut’s meter, and gradually reduced power
as my confidence grew with each S0. Finally in the 1978 ARRL 28MHz Contest
T worked a W2 station at 150mé input.

I eventually became even more ambitious and wanted to go lower still, as I
wanted to see how low one could go and still work DX. Being unable to reduce
the drive any further, 1 decided the only alternative was to reduce the
voltage while keeping thé drive at 12.5mA. 1 then added a 25mA meter and a
25y meter to the 1A and 100mA meters, and substituted the 12v line to the RF
Board with a variable PSU, as shown in Fig. 3.
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SECOND  MONFICATION
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[image: image4.png]The existing external cabinet was replaced with a larger one to accommodate
the additional meters, and LEDs were fitted to the front panel as a  safety
feature to indicate’ which meters were switched into circuit. This was to
prevent damage to the 25mA and 100mA meters if the Argonaut was accidentally
operated at 5 watts with these meters still in circuit! The variable PSU can
be built into the same cabinet, but I prefer mine separate, as 1 use it for
other things. A separate 12v Line is required for the LEDS.

The lowest input power I was then able to run with the second modification
was 12.5mW. This was achieved by reducing the voltage to lv and the current
to 12.5mA -real milliwatting. With this set-up I worked three USA stations
on 21z in the 1979 ARRL Contest.

During a conversation with a local amateur about milliwatting the question of
PA efficiency came up, and I was ashamed to admit I had no idea what it was.
The anateur worked in a test laboratory and had the use of a very  expensive
oscilloscope on which he offered to check the RF output when running the
Argonaut at these low pover levels. On 2IMHz the Argonaut gave just over 3
watts ‘out when running at 5 watts input, which {s about Tight, whilst at the
12,57 level the output was only 576uM. 'Two things amazed me. First it
dawned on me that I had QSO the USA three times with just 57604 of RF, and
it seemed incredible that such a small amount of RF had managed to span’ the
Atlantic, = Secondly the efficiency of the Argonaut's PA at that level was
only 1.641

The Argonaut is designed, biased and filtered for efficient operation at 5
watts “input, (about 2 watts output), and the optimum load resistance changes
with output level, unless the voltage to the collector is also  changed.
Reducing the output to 576ud was obviously drastically changing the load
resistance and resulting in a poorer efficiency. The next step was to find
the correct voltage and current combinations uhich would result in the most
efficient operation of the PA, after all it is the RF output that enabies
0505 to be made.

I then did a lot of experimenting to find the most efficient way to operate
the Argonaut at different power levels, and came up with the following:

5 watts = 10v  S00ma 1 wate = 4.25v 235mA 750m0 = 3.5v  214ma
S00ma = 3v_ le6mn 250m0 = 2.25v 1lima 100mW = 1.6v 62.5mA
S0m T.1sv 43.4ma 150k = 0.65v 23mA Swe = 0.4y 12.5mA

It will be seen that the
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running the Argonaut at
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interesting point is that
running the Argonaut at its
standard 5 watts input is
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volts to the RF Board,
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the original design. With
the above values kept handy
on my operating desk I am
able to quickly alter the
voltage and drive settings
and_change from one power

— to another. Depending on
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[image: image5.png]An alternative to building a separate PSU for the RF Board was described by
Brice, WOPNE in SPRAT No. 28, and I'm sure he won't remind me repeating it
here. The regulator was designed for the 515 Argonaut and provides from 0 to
11 volts. fhe circuit is shown in Pig. 4. The 515 requires lower voltages
than that for the 505 or 509 models, and Brice found the following to be the
most efficienti~

1 watt input = 3.3v 300mA 500m input = 2.5v 200mA
250m8 input = 1.7v 140mA 100m input = 1.1v 30mA

Be sure to monitor the output power as an increase in drive past the optimum
point causes a drop in output power. Brice uses external meters, but the
regulator and meters can be built into a small cabinet.

I found the international bX contests great fun for milliwatting, as I was
able to discover which of the big contest stations achieved their big signals
£rom antennas and those who did it with power! Most big contest stations
stay on one frequency for long periods and let other stations call them. I
call first with Sm4 and if unsuccessful gradually increase power until
contact is made. Ignoring the usual 599 contest report that is received, my
call sign being copied correctly is confirmation I am getting through at  the
pacticular power level used. I make a note of the power used in my log book,
and after several contests I realised it is the same stations who Copy my 5mH
calls and the same who do not hear me until I get up to a watt or €0, i.e.
the difference between good operating and antennas as opposed to power!!

The path between the USA and the UK scems to be particularly good for
millivatting, and one of my goals is to achieve Worked all States on 28Miz
with an input of TSOmA. By the end of the good conditions on 10 metres I had
worked 43 of the 50 States. Another goal is to achieve a Worked all States
with an input of L0OmN, but not on any particular band. 26 States have been
worked at this level, including California.

With the measurement of QRP power levels going over to output power from
input power, 1 decided it would be easier for future experiments to use
output power. An output power meter based on the WORSP and GM3OXX design had
been constructed to conduct the efficiency experiments described above, and
another visit to my friendly amateur with the test laboratory enabled me to
accurately calibrate it.

The CQ WPX Contest in 1981 coincided with ideal conditions for milliwatting,
and_during the Saturday evening between 2000 and 2130, when 21MHz was "wide
open” to the USA, I made the following 0SOs, gaining in confidence as I went
and going from Milliuatting to Microwatting in the process:-

2017 woon  1sma 2023 WOWP 4nW 2033 WIRK 1.5mH 2039 KBHV 625uN
2046 vE3PCA 450u0 2123 KpBSX 2000w 2139 ABZE 200U

Apatt from the 550 report from WIOA, all reports received were the usual
contest 5991, although I accept, of course, they were a lot lower in reality.

In the same contest during the Saturday 1 worked KHXX, PY2DLK, OHIUW,
JUILPT, KIXA and EABTY with an input of 250mW for W.A.C. KGEDX was worked
With an input of 150md and on the Sunday further QSOs with UK8MAR, ZWAOD,
EABTY, KAKLE and UKZECR completed a W.A.C. at the 150mW level. All QSOs were
on 21 and 28Miz. Besides being a very satisfying week-end for milliwatting,
it proved that given the right hand conditions, world-wide communication can
be conducted with low input levels, and on particular paths with very low
output levels, even amongst the QRM of a major contest.

Having reached such low power levels I decided to dispense with the RE Board
altogether. This is casily done by Simply not switching the variable PSU
oni, i.e. ot applying any volts to the RF Board. Many QSO have ben made
using just the driver stage of the Argonaut, The output of the driver stage
at maximum drive varies from .0992 watts on 28MHz to 0.221 watts on TMAz.
Gbvicusly more output could be obtained by bypassing the RF Board and taking




[image: image6.png]the output from the driver stage direct to the Low Pass Filter/SWR Board. I
wonder who will be the first to have a DX QSO using just the TX Mixer Board
of the Argonaut!y

Another amateur who experimented with milliwatts was Petr Doudera, OKIDKW.
His  favourite power is 300mW and I have given him a 559 report on 3.SMHz at
this level. Petr also tried Microwatting by using a valve transmitter with
only 3.72 Volts on the PA. With only 600uW Petr worked a G4 on 21MHz.

1€ you want to make things even more difficult for yourself, try two-way
millivatting. In the 1980 QRP Winter Sports I was calling CQ QRP on 28060
using 750mW when Andy, WB2RZU heard me. Knowing I was into milliwatting he
reduced his Argonaut to S00mH and called me. We had a great QSO and made a
two-way milliwatt QSO across the Atlantic.

I hope the above has wetted your appetite and you will give milliwatting a
try. It will certainly force you to take a good look at your antenna system.
Whether you are using yagis, quads, verticals or long wires the essential
thing is to have the antenna working as efficiently as possible. I know my
four element yagi has obviously assisted me to achieve the results described,
but it only gives a forward gain of about 9dB which is the equivalent of 1.5
“s’ points. If you are using a dipole you may not be able to get down to the
levels 1 did with the yagi, but you can still achieve some remarkable
results.

My old power meter has lost its accuracy and at Dayton this year I saw the
new QRP Wattmeter made by Welz, the model RP-120. I bought one as they are
not available in the UK, and 1 understand from Waters and Stanton they do not
intend importing thom. That is a shame as they are ideal for ORP, and
millivatting in particular. The neter has three ranges, with maximum
readings of 20 watts, 2 watts and 200m4. UK membors may be 'interested to
build the Sensitive Microwatt Meter designed by Wes Hayward, WIZOI and
doscribed in Sprat 38. It is built around a CA3140 and full scale
sensitivity is -10d8 or 0.1 millivatt when silicon diodes are used, (INA152,
IN9L4 etc). Dy using a coupler, like the one shown in Pig 23 on page 151 of
S0lid State Design for the Radio Amateur, the unit can be used as an in-line
power meter. The system is calibrated with a step attenuator and a higher
power indicator, such as the meter shown in Fig. 9 on page 147 of the same
book.

One person who has done a great deal to support milliwatting is Ade Weiss,
WORSP.  In addition to promoting his DXCC Milliwatt Trophy, he issues
certificates to the winners of a special milliwatt section in  the annual
Spring and Fall ORP Contests of the ORP Amateur Radio Club, International
(ARCI) in the USA.

The DXCC Millivatt Trophy is awarded for confirmed QSOs with 100 DXCC
countries whilst using an output power of less than one watt. The programme
Commenced in 1971 and to illustrate the difficulty of the award Ade’s recent
book, "The Joy of QRE”, lists only the following winners:-

1 WSILC  Ronald Moorefield June 1978
2 GMIOKX  George Burt Decenber 1978
3 GIBUE  Christopher Page Decenber 1979
h K14w Margaret Willians February 1380
5 warv William Montgomery  November 1981
6 EASEY  Martin Montero April 1983
7 JAMCU  Jiro Manaka April 1383
8 GMAELY  Daibhidi Dhuglas May 1983

S0 there it is, "The Ultimate Challenge", as Ade describes milliwatting.
With the approaching new sunspot cycle to look forward to, and those great DX
openings on 21 and 28Kz lasting late into the evenings, join me on 21060 and
28060 with milliwatting, and even microwatting.
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