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This edition contains an interesting article on how 
to make a simple lightwave transmitting and 
receiving station. Readers present at the 
microwave round table at RAL last month were 
left in no doubt that lightwave communication is 
radio! Of course we will get the usual comments, 
from the uninitiated, such as “It’s the flashlight 
band” or “I could do better with mirrors..” but 
folk used to say that about microwaves many 
years ago!  RAL produced a number of working 
lightwave systems and we feel sure that there is 
even more going on in the UK. We are aware of 
lightwave activity in Scotland and would like to 
hear from others who are experimenting in this 
area of the spectrum. Your editor is already 
“hooked” on the idea of making a simple 
transceiver … it’s all very reminiscent of the old 
10GHz wideband days where the emphasis was 
on having FUN on the cheap! Our thanks go to 
David, G0MRF, for the article. 
    Another article this month is a revamped 
version of the F6BVA microwave multiplier, 
published last October. Michel has now 
redesigned it using cheap epoxy pcb material. 
Thanks to John, W3HMS, we have a nice English 
translation! 
    Finally, Dick, K2RIW, gives us something to 
think about concerning Noise Figures … is it 
worth scraping out the last 0.1dB? 
    Many thanks indeed to all contributors. Your 
input is much appreciated! 
     

News, views and articles for this newsletter are 
always welcome. Please send them to G3PHO 
(preferably by email) to the address shown below. 
The closing date is the Friday at the end of the 
first full week of the month if you want your 
material to be published in the next issue. 

IN THIS ISSUE ... 
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M’AIDEZ, M’AIDEZ ! 
 
I am looking for the data sheet of a circulator (see 
photo, right): frequency range, insertion loss, max 
power. 
Brand is FERRANTI, type n° 17CD 311, made in 
SCOTLAND 
It is in WG16 (WR75), and the flanges has 6 screws. 
Also, there are 8 screws for tuning ... you can see 
some of them on the 
picture) 
  
Many thanks,  
Olivier Meheut, F6HGQ  
Email:  f6hgq@wanadoo.fr 

BEACON REPAIR HIT BY FOOT BEACON REPAIR HIT BY FOOT 
AND MOUTH EPIDEMIC ... AND MOUTH EPIDEMIC ...   
 
I have to apologise for the failure of of the 
callsign generator on the Bristol 1296MHz 
beacon, GB3BSL. The beacon is continuing to 
radiate a plain carrier. 
    This has happened from time to time, and 
it just needs a power down to reset it. 
However the beacon is located on a farm in 
Somerset, a county with foot & mouth 
disease. Therefore I am unable to go and 
reset it for the foreseeable future. I will go 
and do it just as soon as I can.  
    In the meantime I am constructing an on-
air reset device which I will fit in due course. 
If we are lucky there may be a mains failure 
on the site: this will also reset the  
keyer. 
 
Frank Evans, GW8AWM 

THOSE 24GHz AMPLIFIERS ! 
 
To our knowledge, at least 32 Milliwave solid 
state 24GHz amplifiers entered the UK earlier 
this year, thanks to our good friend Will 
Jensby, W0EOM. However, little has filtered 
through to the Newsletter concerning their 
use! We would like to hear from readers 
whether or not they have put the amps into 
service as yet. If in the affirmative, we would 
like details of how the amps have been 
integrated into 24GHz transceiver systems, 
eg waveguide or coax, changeover system 
employed, heatsinking techniques, matching 
techniques, measured input drive and 
measured output, any on air results, etc. 
    The idea is to collate and publish this 
information to help each other to maximise 
the improvement these amplifiers can give 
us. The information will be published on the 
Web along with further information from 
overseas.  
    Please forward your information directly to 
Peter, G3PHO via of the means shown on the 
front page of this Newsletter 

MONDAY NIGHT IS MICROWAVE ACTIVITY NIGHT! 
Call ‘CQ for microwaves’ on 144.175MHz. Please beam in a number 
of different directions, especially to the North and to the South 
West, where stations feel they are “out on a limb” ! 
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RAL 2001  
 A REPORT ON THE MEETING HELD ON  

8 APRIL 2001 AT  THE 
RUTHERFORD APPLETON LABORATORY 

 
Some 44 amateur microwavers signed in at the 
annual microwave "round table" meeting held at 
RAL this year. Although the attendance was a little 
lower than in previous years, probably due to the 
RSGB event at Bletchley being on the same 
weekend,  the event was very successful. The 
meeting was preceded by a dinner held on the 
Saturday night and organised by Geoff, G3NAQ. 
Those attending that had a great time.  
    A good selection of surplus parts and gear was 
brought by visitors for the swap and barter tables 
but,  what would have been snapped up 
immediately just five years ago (such as 10GHz 
TWTs and waveguide items), now seems to be 
relegated to "junk" status! The writer failed to 
trade his 4 watt 10GHz  TWT, complete with 
power supply and reluctantly brought it back 
home, to the horror of “her indoors”  who 
thought at least one piece of the Old Man's junk 
had gone for ever! 
    The main talk was given by Dave Stockton, 
GM4ZNX, who is a chief design engineer with 
Agilent. He gave us a fascinating and humorous 
insight into the design and associated problems of 
noise measuring equipment. This was followed by 
a test session, with the emphasis on noise figure 
measurement using  some of the latest 
equipment. One amateur was seen, with what 
appeared to be around a dozen preamplifiers ,
waiting his turn at the test table! We hope he was 
pleased with the results! 
    The first event after lunch was the presentation 
of the G3BNL Trophy,  by the Chairman of the 
RSGB Microwave Committee, Julian Gannaway, to 
the Wessex Millimetre Wave Group (G3FYX, 
G3PYB, G8BKE and G8ACE) for their outstanding 
work in equipment construction and operation at 
76GHz. They thoroughly deserve the award!  
    After that we were treated with a  most 
interesting talk and demonstration of amateur 
lightwave communication. David, G0MRF and 
Allan, G8LSD brought their laser diode transceivers 
for their talk and were flabbergasted to see that 
others had brought lightwave gear as well! We 
were then treated to what must have been the 
largest gathering of UK lightwavers the country 

has ever seen! In addition to the four  
sets of gear brought together by David and Allan, 
Barry, G8AGN brought his lightwave transmitter 
and Paul, G6UAJ showed his impressive reflector 
telescope-based system. Paul had literally kept all 
this "in the dark" as even his near neighbour Tim, 
G3KEU, hadn't known of Paul's experiments at 
these ultra high frequencies. For those who want 
to find out more about the simple-to-make 
lightwave gear of G0MRF, you can visit David's 
excellent website: 
http://www.g0mrf.freeserve.co.uk/laser.htm  
    The light wave talk was followed by an 
informative and thought provoking one on yagi 
antenna construction for the 1.2 and 2.3GHz 
bands. This was given by well-known EMEr Peter 
Blair, G3LTF, who demonstrated how long yagis 
for these bands are easily made from aluminium 
tube and plastic plumbing fittings obtainable at low 
prices from hardware and D.I.Y stores. 
    A great deal of enjoyment is always obtained 
from the chit -chat that takes place between 
microwavers during the informal sessions in the 
lounge area. The latest 76GHz equipment built by 
Roy, G3FYX and Peter, G3PYB was being air 
tested across the room while others "chewed the 
rag" with friends usually worked over the  
microwave bands. 
    Our microwave hobby is something to treasure. 
Let us all work hard to keep it that way. Keep on 
building equipment and, above all, USE IT! 
    Many thanks from all those attending go to the 
organisers at RAL, especially Mike, G0MJW, Jon, 
GW4LXO and Geoff, G3NAQ. 
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A simple MCW Laser Transmitter A simple MCW Laser Transmitter ––  Receiver        Receiver          
...by David Bowman,  G0MRF...by David Bowman,  G0MRF 

 
With the cost of visible laser pointers down to around £5 or less, now seems a good time for 
experimenting in the nm bands. The transmitter and receiver described below is a first attempt at 
building an 'entry level system'. It uses a 5mW laser pointer module operating at 670nm and 
modulated at 488Hz. Despite its simplicity, this system has comfortably crossed the river Severn 
from G-GW …. a distance of 5.1km.  An analysis of the two circuits suggest that, with a 4 inch lens 
and reasonable conditions, a range of 30km should be possible. 
 
Transmitter 
A typical laser pointer contains a semiconductor laser diode, actually a laser diode and photodiode in 
a single case, and some form of constant current supply. The laser diode has an output that is 
rectangular in shape and diverges from the source at up to 30 x 10 degrees. The addition of a small 
acrylic or glass ‘collimating lens’ focuses the light into the familiar near parallel beam which we all 
associate with the term ‘laser’. 
    The laser module used here was removed from a laser pointer. The on /off switch was hard wired 
in the on position and the 2 mercury batteries were replaced with a supply which can switched at 
audio frequencies. 
    In the circuit below, a 4 MHz crystal and a 4060 are used to generate a 488Hz squarewave. The 
CMOS levels are amplified by a common emitter amplifier which in turn drives a NPN/PNP  pair in a 
totem pole arrangement. Two diodes lower the voltage by 1.2V to a safe level for the laser, while two 
resistors and a capacitor provide transient protection. Keying is applied to the circuit via the BC237. 
To simplify practical operation I’ve added two switches. The first is connected between ground and 
the reset pin of the 4060. This selects either modulated CW (488Hz) or continuous output from the 
laser. The second switch is between the key input and ground. This is particularly useful as the beam 

Figure 1: The Transmitter 
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can be left ‘on’ while trying to aim the transmitted laser at a distant receiver, not always an easy task 
when you need 0.1 degree pointing accuracy. 
 
Receiver 
The ability to receive weak signals depends mainly on the area (gain) of the lens or mirror and the 
sensitivity of the detector. Given that the lens you select should be capable of passing the wavelength 
of the laser with minimal absorption, then the only remaining consideration is that the larger the lens 
the better. A large lens will gather the most light, but you don’t need expensive photographic quality 
optics. For communication we simply need large diameters,  not high resolution. 
    Detector sensitivity is normally expressed as Noise Equivalent Power (NEP). This is a measure of the 
noise output from the detector within a particular bandwidth and is largely determined by the amplifier 
that follows the detecting element. The lower the noise, the greater the sensitivity of the system.  
Data sheets will usually contain the spectral response of the detector and a graph of NEP against 
bandwidth. 
    The receiver (Figure 2) uses a Burr-Brown OPT210P.  This detector is an 8 PIN DIL IC with a 
transparent plastic case. It contains a 5.2mm2 PIN diode detector element and a low noise 
transimpedance amplifier. Like most pin diodes, the peak of its response is in the near infra red, but it’s 
still 90% efficient at 670nm. The OPT210 is followed by a TL071 op-amp wired as an audio bandpass 
filter. This is very good at suppressing 50Hz background noise and keeping HF noise from the audio 
chain. Design equations for frequencies other than 500Hz can be found in the ARRL handbook. A 
second 071 adds a little gain. The final audio amp is an external LM386 which can drive headphones or 
a small speaker. This amplifier was not built on the same board to avoid unnecessarily heating the 
detector. 
Receive Optics 

‘Gathering light’ can be expensive with large mirrors and lenses fetching premium prices. To avoid this, 
I looked around and found an old 4 inch magnifying glass which fitted perfectly into a length of 
drainage pipe. It doesn’t look elegant, but with the inside of the pipe sprayed matt black to prevent 
reflections, it works very well. Another good idea is to use a telescope as a receive antenna. The 

Figure 2: The Receiver 
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telescope can be aligned on a distant laser transmitter simply by looking through it. When it’s pointing in 
the right direction the eyepiece can be replaced with one containing the laser detector. In the USA large 
fresnel lenses have also been used with great success setting the record for this wavelength at 128km 
 
Improving the system 
There are several methods to improve the performance of this system. A higher powered laser could be 
used. An example is a 20mW device which costs around £28 from Roithner Lasertechnik in Vienna.  
They can supply diodes to 500mW and carbon dioxide sources to 10 Watts output. The transmitter 
could also be improved by fitting beam expanders. These increase the diameter of the beam from a few 
millimetres to 10 to 100mm. This reduces beam divergence and gives a stronger signal over longer 
paths. The disadvantage is that the required pointing accuracy is increased in proportion. 
    For the receiver, an optical filter can be used in the receive path, you will incur some insertion loss, but 
overall it will increase performance by rejecting ‘QRM’. However, care is needed as the wavelength of 
semiconductor lasers is known to drift with temperature. A filter 10nm wide is probably too narrow for a 
semiconductor laser. A 30 – 40nm filter would have less insertion loss and be tolerant of drift. 
    The detector is another area of the design which could be improved. The OPT210 is fairy cheap but 
avalanche photodiodes or photomultiplier tubes would increase sensitivity considerably. One 
experimenter in the USA decided that as detector noise output increases with device temperature it 
should be possible to increase performance by cooling the detector. Liquid Nitrogen seemed extreme, 
but Peltier effect devices may be a practical solution for anyone seeking the last dB of performance. 
    Texas Instruments have recently taken over Burr-Brown and have discontinued the OPT210. 
However the metal cased OPT301 is still readily available and may have marginally better performance.  
    Finally, all of these detectors can work at much higher frequencies than my 488Hz. Although I’ve 
chosen MCW for its weak signal performance, it’s possible to modulate frequencies from DC to 1MHz as a 
sub-carrier on the laser and to modulate that with either speech (FM or PWM) or data. 
As you can see, there’s a lot of potential up in the lightwave bands.  
 
Cautionary notes 
1) Never look into the laser beam. Even over several kilometres looking at a laser through a telescope 

(receive antenna) is very unpleasant and can be dangerous. 
2) Most laser pointers use a module that has a positive earth. 
3) Do not solder directly to the module’s brass case. This damages the acrylic optics. 
4) Laser diodes are easily destroyed. After a diode has failed it may still produce light output, but you’ll 

have an expensive LED and not a coherent Laser source. 
 
The following sites contain some useful information on laser communications: 
                                      www.g0mrf.freeserve.co.uk/laser.htm  
                                      www.roithner-laser.com 
                                      www.k3pgp.org 
                                      www.qsl.net/wb9ajz/laser/ 
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F6BVA  Multi 8 “New Look”  
Frequency Multiplier 

- from a translation by John, W3HMS 
 

Editor’s comments: 
The original F6BVA multiplier appeared in the October 2000 edition of the RSGB 
Microwave Newsletter. A number of readers have expressed interest as it is easy to 
construct and tune. Michel, F6BVA, has now produced this most interesting version, 
based on cheap and easily obtainable double-sided expoxy PC material. Surprisingly it 
appears to work as well as, if not better than, the Duroid version! 
    Our thanks go to Michel of course and also to John, W3HMS, upon whose 
translation from French to English this Newsletter article is based. 
 

………………………………………………………..………………. 
 

Faced with the difficulties of getting Duroid PCB material, I have redesigned the tracks for double sided 
epoxy board 0.8 mm thick. Surprisingly ... ( it’s good that the quality of the substrate is not there for 
nothing!)  … this new design is much more stable than version # 1.  
 
Measured results:       F input 1.0-1.6 GHz at 10dBm 
                                   F out  from 8.0-13 GHz = 10dBm, minimum and without tuning stubs. 
                                   F in 2.0-2.3 GHz . P in = 0 to +3dBm for P out max. 
 
To obtain the total tuning range, the size of the pipe cap resonators have been modified from the 
previous design. 
 
5GHz Resonator:      Interior diameter is 22 mm and the internal height is 7 mm.  
                                    Probes are 3 mm long. 
 
10GHz Resonator:    Internal diameter is 18 mm and internal height is 5 mm..  
                                   Probes are 2.2 mm long. 
 
(A full size pcb  track layout can be found at the end of this article. Michel, F6BVA, can provide ready-
made boards for those who are really desperate! Just write to or email him to arrange this and suitable 
remuneration ...editor) 
 
Procedure for Mounting.  
 
• Cut the PCB to fit your tin plate box dimensions…..smooth one cut side edge. 

• Drill 0.6mm diameter probe holes through to the groundplane. 

• Using a 3mm drill, held in the fingers, cut away the copper on the groundplane side of the board 
around the holes for the in and out pins of the regulator. 

• Drill a 2.2 mm hole for the ERA placement in a way that lets the pins make a good ground 
contact without being bent.   

• From the groundplane side, determine the axis for the pipe cap probes, then use a pair of 
compasses to mark the mounting position for the pipe caps. 
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• Solder in the probes and then cut them to 2.2 mm for 10GHz and 3 mm for 5GHz.   

• After the pipe caps have been cut to the right height, drill and tap them for the tuning screw,  
pre-heat, position them as precisely as possible at the mounting location on the PCB and then 
solder. 

• Solder the PCB into its box. (assume open at bottom for testing) 

• With the aid of a fine wire (0.3 to 0.5mm diam.), pull  each wire going through the 0.6 mm holes 
from the component side of the PCB to the groundplane side via the 0.6 mm holes and solder it 
on each side. Solder the ground wires on the PCB side when soldering the rest of the 
components. 

• Solder all components, MMICs last of all.  
 
 
Remember: 
 
• Pipe caps from 4 – 6.5 GHz = internal diameter of 22 mm and height of 7 mm with internal 

probe height of 3 mm.   
• Pipe caps from 8 -13 GHz = internal diameter of 18 mm and inside height of 5 mm with probes 

2.2 mm. 
• Input capacitors at pins 1 and 2 = 4.7 pF. Output capacitors are 1 pF high quality capacitors for 

use at 10 GHz (eg: ATC chip caps ...editor) 
• Regulated voltage  = 6 VDC and current drain = 200 ma.  

• The MMICs as used on the last prototype are, in order from input to output,  ERA3, ERA2, ERA1 
and ERA1. 

• Don’t exceed 10 dBm input.  Reduce same to +3dBm if you go on 2.xxx GHZ. 

• Be particularly careful with the MMICs’ grounding. 
 
Best regards from, 
 
F6BVA, Michel Antonioli 
23 impasse des Cedres 
F 83260  
LA CRAU,  France 
 
Email: F6bva@wanadoo.fr   
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MAY VHF/UHF/SHF CONTEST 2001 
 

The Northern Lights Contest Group have decided to press ahead in light of the Foot and 
Mouth outbreak and encourage some fixed station activity by being active during the RSGB May 
UHF contest on 5/6th May. 
    They will be on all bands from 432MHz to 24GHz, from their Fixed Station Site on the Isle of 
Man, as GD0EMG. This should be a good opportunity, for those of you who are active on the middle 
bands, to get a new country as one can't recall 9cm or 6cm being active in recent years from 
there. 
    GD0EMG will have good equipment on all frequencies, including  800mW on 24GHz , though, 
without any portables around, it may be difficult to find anyone in range!  73 from G4XUM 



The PC board measures 109.5mm long and 55mm wide when full 
size. 
 
If using this page to make a board please check these dimensions 
and adjust on your copier or scanner to suit. 

-9- 



Why Fight For That Last Few Tenths of a dB 
in LNA Noise Figure?…….. by Dick, K2RIW 
 
Editor’s note: Dick posted this interesting discussion document on the Internet some weeks ago. 
We thought it so thought provoking that we just had to publish it in the Newsletter. While it is 
aimed primarily at the EME operator, there is much for all of us to consider. Our grateful thanks 
go to Dick for permission to use his document. 
 
Introduction  
Some of this information came from the "Do You Need a LNA Line Driver" presentation by K1FO at the 
3/17/01 NEWS (North East Weak Signal) Meeting at Enfield, CT, USA.  In many amplifying devices, there 
is a considerable difference between tuning for the best gain, and the best Noise Figure (NF).  Under 
certain conditions it is possible to tune a particular amplifier for best gain and realize a NF of 0.9dB.  That 
same amplifier may deliver 0.3 dB NF, with slightly less gain (maybe 0.5 dB less), when tuned for best 
NF.  At first you might say, gee, a 0.6dB NF improvement!  Is that small improvement worth fighting 
for?  The answer is YES, YES!  In the paragraphs that follow I'll attempt to show you: 
 
  (1) Why it is worth fighting for. 
  (2) Why it is hard to detect the improvement with typical laboratory 
        equipment. 
  (3) What else in the system must be working right to get the full benefit. 
  (4) The Antenna Impedance problem. 
  (5) You'd better have the correct Gain Distribution. 
 
(1)  Why is it Worth Fighting For -- You're about to have a demonstration that dBs of NF are 
not linear, when dealing with a cryogenic communication system and a small NF improvement can make 
a big difference in the Signal to Noise Ratio (SNR).  A communication system becomes cryogenic when 
you aim the antenna into cold space. 
 
             Two EME System Examples -- Assume I have an excellent EME antenna that is presently 
aimed at a high elevation angle and it is aimed at a cold direction in the Universe, where the true Celestial 
Background is 2.73 degrees Kelvin (the residual of the Big Bang, by Penzias and Wilson, Nobel 
Laureates, 1968).  Under those conditions,  that excellent EME antenna might have a total Antenna 
Noise Temperature (Ta) of 30 degrees Kelvin (they [the experts] call it 30 Kelvins). 
 
             System (A) -- If your Low Noise Amplifier (LNA) had a NF of 0.9dB, that equals an electronic 
Noise Temperature (NT) of 66.78 Kelvins.  The formula for NT is: 
 
NT = [ALOG(NF/10) - 1] * 290. 
 
Your total possible system NT (Ts) is now the sum of the Ta and the NT. 
Ts = Ta + NT.  Ts = 30 + 66.78 = 96.78 Kelvins. 
 
             System (B) -- If I were using that LNA when it is tuned at a NF of 0.3dB, the LNA's NT would 
equal 20.74 Kelvins.  Now the Ts = 30 + 20.74 = 50.74 Kelvins.  The only thing that is always linear 
about a cryogenic communication system is that the total Noise Power is proportional to the Ts in 
Kelvins.  You have to almost ignore the dBs. 

When I compare a system with a Ts of 96.78K (the A system) to a system with a Ts of 
50.74K (the B system), that ratio is 2.80 dB.  In other words, that EME signal will be 2.80dB further out 
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of the noise when I use the LNA with the better tuning (I'm ignoring Moon Noise).  That 2.80dB of 
difference can easily make the difference between a QSO and a missed QSO, when I'm listening to a 
weak EME signal. 
 
             A Better EME Antenna -- If I were able to make further improvements to that EME antenna 
so that the Antenna Temperature (Ta) was 20 Kelvins (and that is possible), then that ratio would be 
86.78 Kelvins versus 40.74 Kelvins, or 3.28dB of system improvement in Signal to Noise Ratio (SNR).  All 
of this is from a 0.6dB NF improvement (0.9dB to 0. dB NF) in the LNA!  A ~ 3 dB SNR improvement for 
a 0.6dB NF change, that's a beautiful (apparent) non-linearity but it really isn't non-linear … it just looks 
that way (in dBs). 
 
(2)  Why is it Hard to Detect With Typical Lab Equipment --  When I make 
measurements with room temperature laboratory equipment, everything (the pads, signal generators, 
FM Receiver, etc.) is at approximately 290 kelvins.  In that 290K environment, a change in the LNA's NF 
from 0. dB to 0.3dB, can create a change in SNR of 0.6dB (at best).  Here the dB' are linear.  Unless you 
are using some good laboratory equipment (such as a SINAD Meter or a good Automatic NF Meter), 
you will probably not detect that 0.6dB SNR improvement.  Your ear probably doesn't have enough 
discrimination to allow you to hear it, when you hit that "Sweet Spot" in NF tuning.  As section (3), (4), 
and (5) will show, you will not be able to realise the benefit of that 0.6dB of NF improvement, unless the 
rest of the RCVR has a NF of nearly 1.0dB or so, has the proper antenna impedance and the proper 
gain distribution. 
 
(3)  What Else in the System Must Be Working Properly to Get the Full 
benefit -- If I were using a RCVR that was Gain Starved or had a second stage NF of 15dB, then the 
tuning of the LNA takes on an entirely different characteristic. 
 
             High Transceiver NF -- Many of the currently used Base Station 2m and 70cm Transceivers 
have a bare foot NF of 12 to 15dB.  This occurs because Japan favours dynamic range over RCVR 
sensitivity.  Those Transceivers are front end Gain Starved.  If you lived in a dense community where 
there was a Ham Radio Operator living on each street, you might agree with this approach. 
 
             Add an LNA -- Therefore, almost every American SSB operator must add a ~ 20 dB gain LNA 
in front of his Transceiver, if he desires full sensitivity of his communication system.  If he doesn't add 
that LNA, all his SSB friends will eventually call him an Alligator (he is all mouth), instead of a Rabbit  (a guy 
that is all ears).  During a terrestrial contest, everybody can hear that Alligator call CQ, and they answer 
him, but because of his poor hearing aid (RCVR), he only hears the locals and only responds to them.  
The rest of the contest operators become frustrated, and learn to ignore him.  Unless some local 
explains this to the "Alligator," he will conclude that there wasn't much activity during the contest. 
 
             It is well known that the total system's cascaded NF (NFs) is equal to: 
 
  NFs = NF1 + (NF2-1)/G1 + (NF3-1)/(G1*G2) + ..., where: 
 
  NF1 = NF of the first stage (as a real, anti-LOGed number). 
  NF2 = NF of the second stage (as a real number), etc. 
  G1  = Gain of the first stage (as a real number). 
  G2  = Gain of the second stage (as a real number), etc. 
 
             Sometimes Best Gain = Best NF -- If I were tuning a communication system's LNA, while it is 
connected to that bare foot Transceiver, I would find that the best system NF would be approximately 
the LNA tuning with the maximum gain.  Here is an example: 

If you experiment with just the first two terms of that Cascaded NFs formula, and use 15dB 
for NF2, 0.3dB for NF1 and a gain of 10dB for G1, you will find that the System Noise Figure (NFs) [in 
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dBs] is equal to 6.16dB.  If, now, I use 0.9dB for NF1 and 10.5dB for G1, I realise a NFs of 5.98dB. 
Notice, that I worsened the LNA's NF by 0.6dB, while improving the gain by only 0.5dB, yet 

the system NF IMPROVED by 0.18 dB.  What this example demonstrates is that when your RCVR 
system is gain starved, and has a high second stage NF, then the LNA's gain is much more important 
than it's NF.  Even if I were using perfect laboratory instrumentation (such as a perfect NF Meter) while 
tuning that LNA in that environment, I would end up tuning it for near maximum gain, not best NF. 

The conclusion is that to get the maximum benefit of a Super Low Noise LNA, you have to 
put it into the right environment while tuning it, and using it.  Otherwise, you may be "casting pearls 
upon swine"  … you could be wasting your time and your money. 
 
(4)  The Antenna Impedance Problem -- It is well known that when you are tuning an LNA 
for the best NF, you are primarily adjusting the impedance that the front end of the LNA is looking into.  
It would be quite wasteful to carefully adjust an LNA stage while it is connected to perfect 50 ohm 
resistive laboratory equipment, and then connect it to an antenna with a VSWR of 1.41:1.  That 1.41:1 
antenna could be an impedance that consists of a capacitive (or inductive) reactance of 17.4 ohms in 
series with a resistance of 50 ohms, or it could be a pure resistance of 70.7 ohms, or 35.4 ohms.  In any 
of these cases, that 1.41 VSWR antenna would drastically change the LNA's NF.  Some of those possible 
impedances would cause more of a NF detriment than others, depending on the particular LNA design. 

That uncorrected 1.41:1 VSWR antenna could easily raise your LNA's NF from 0.3dB to 
0.9dB and hurt your EME RCVR sensitivity by ~ 3dB.  However,  on transmit, the 1.41:1 would only 
cost you 0.127dB of transmission loss.  

Your choices for correction are either to perfectly impedance match the EME antenna (with a 
double stub tuner, for instance) to make it look like a 50 ohm resistive load to the LNA, or do the NF 
tuning of the LNA while it is connected to the antenna -- such as by injecting the NF Meter's Noise 
Source through a 2 dB Directional Coupler (DC) that is always left in the antenna line. 

 
             The DC Line Perturbation -- If, after the NF tuning of the LNA, you made the mistake of 
removing the Directional Coupler, you would be changing the transmission line length, and that would 
rotate the antenna impedance to a different place on the Smith Chart.  This would disturb the LNA’s NF 
tuning. 

Another solution is to add a carefully chosen length of line to the DC's straight through path, 
so that the DC plus the extra line is an exact multiple of a half wavelength (electronically).  Now you 
could remove that DC plus extra line, and not effect the antenna's impedance. 
 
(5)  You'd Better Have the Correct Gain Distribution --  To realise the system's best 
possible sensitivity requires that you have enough front end gain and a low enough second stage NF  
but this requires a compromise of system NF versus Dynamic range.  You usually can't have both all at 
once.   
             The best possible system NF usually requires a lot of front end gain (sometimes 20 to 30 dB).  
But, a system  with that much front end gain will saturate 20 or 30 dB sooner from strong local signals -
- that's the problem that the Japanese equipment manufacturer's discovered. 
 
             Noise Power Saturation --  Also, bear in mind that even if you live in the "Out Back," and 
saturation from local operators isn't a problem, there can be another subtle detriment from the use of 
super high front end gains -- Noise Power Saturation.  It is possible that the later stages of your RCVR 
are being subjected to so much Noise Power, from all the front end gain, that they are beginning to 
saturate on the instantaneous noise peaks.  Even if that saturation is only a fraction of a dB, it can lower 
the SNR of a weak signal. 

It is well known that a limiting stage will suppress a weak signal that's surrounded by noise 
with, what is called, "Signal-Cross-Noise Terms."  In other words, it is possible for a super high gain 
system to suppress that weak EME signal you're trying to hear, in the later stages of your own RCVR.  
This phenomenon is quite subtle, and not easy to detect.  But, if the gain in your system is shoving the 
S Meter above S7 from the basic Noise Power, than be wary, it could be happening to you.  The only 
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quantitative test procedure I know of to detect this condition is the "Notched Noise Power Fill-In Test," 
also called the Noise Power Ratio (NPR) Test. 
 
             IF Filter BW -- It is also possible that your system is going into and out of Noise Power 
Saturation, as you change the bandwidth of the IF filter.  At first, you would think that the broader IF 
filter selection would aggravate the problem.  However, it is possible that the more narrow filter selection 
allows less noise power into the final detection stage, and this in turn causes a smaller AGC voltage, 
which increases the RCVR's gain, and causes Noise Power Saturation in an earlier stage. 
 
             Sun Noise Problems -- As your EME system becomes more refined, and you experience a 
larger number of dBs of Sun Noise measurements, it is possible that with the added Sun Noise power, 
your RCVR system could be experiencing Noise Power Saturation.  That would give you a pessimistic 
Sun Noise measurement.  One simple method of detecting this problem would be to put a 6dB pad in 
various places (after the LNA), and repeat the Sun Noise measurement.  If you get a better reading, you 
may have the problem. 

The best system for high dynamic range is one that has a gain distribution that's just enough, 
at each stage, to override the NF of the next stage.  The best system NF requires considerably more 
front end gain than that.  Soon we will all pay more attention to the Noise Power Saturation 
characteristics of our tunable IF RCVRs.  Then we will simultaneously have the best system NF and high 
dynamic range. 
 
I hope this information is helpful.  Please feel free to correct the mistakes. 
73 es Good VHF/UHF/SHF/EHF/Laser DX, Dick, K2RIW. World Grid: FN30HT84DC27. 

 ---------------------------------------------------------------—————— 
Here's the question posted to the Microwave Reflector that started the discussion: 
 
Date: Tue, 20 Mar 2001 19:16:39 -0600 
From: John Harrington <johnh@ih2000.net> 
 
Subject: [Microwave] Noise figure vs gain? 
 
 I have a question and not enough test equipment to answer it.  I have read, many times, that best noise figure  
and most gain from a tuned amplifier do not necessarily coincide- you may be able to bias a circuit one way or the 
other by tuning.  I do not presently own a noise figure meter, but have a 141-T spectrum analyser, 432 power 
meter  and several signal generators covering frequencies I am 
interested in, above 1000MHz.  For several years, I have been peaking tuned circuits using the 141-T or 432 for 
rough tuning, then switching to an FM detector and doing the final tuning by ear, with a very weak signal, and 
tuning for maximum quieting on the FM receiver. 
My reasoning is that the ability to recover a weak signal from   noise is much more important than raw gain, 
therefore maximum  quieting should represent best noise figure.  Is this correct? 
             The trouble is, I can detect little or no difference between tuning for maximum signal strength and 
maximum FM quieting, and thus question my assumption.  I don't see the big difference in tuning that I would 
expect.  I have tried this dozens of times on conventional L-C circuits, stripline, cavities, and interdigital 
filters- can't see much difference. Or is it that the gain vs noise figure difference is a very small 
effect- a fraction of a dB? 
 
Please enlighten me, gentlepersons. 
 
Best regards,  John  W5EME 
> 
>_______________________________________________ 
>Microwave mailing list 
>microwave@wa1mba.org 
>http://mbs.valinet.com/mailman/listinfo/microwave 
> 
 

-13- 



ACTIVITY NEWS FROM THE  
WORLD ABOVE 1000MHz 

Very little activity news has reached the editor’s 
desk this month and, with the continuing Foot 
and Mouth crisis, we can only resign ourselves to 
a lean summer microwave season.  If the crisis 
lasts throughout the summer we must all try to 
be active as much as possible from home or 
urban portable locations. Failure to do so could 
lead to those already on the fringe of dropping 
out of microwaves to disappear forever (and, 
Heaven forbid, into lower frequencies!). 
    It would be very helpful if those of you with 
email facilities could let G3PHO know, during the 
week leading up to each microwave contest, 
what your operating intentions are. An activity list 
can then be circulated around all those on Peter’s 
list. This could really help those of us who might 
be able to find a suitable Foot and Mouth free 
portable location and who are uncertain as to 
whether the trip to it is worth it in terms of 
microwave activity that day.  
 Now to the reports from readers… 
 
Peter, G3PHO (IO93GJ, Sheffield) has been 
rehousing his 10GHz system in a smaller box and 
using the DB6NT transverter he built before 
Christmas as the heart of the system. The 5 watt 
solid state PA was removed from the old 
transverter and used in the new box. This is 
driven by a Qualcom PA set to give 800mW 
drive. The DB6NT transverter output was 
reduced to 100mW and then further attenuated 
externally with a coaxial pad and a lossy semi 
rigid line. A sequencer, using a couple of power 
mosfets, protects the front end of the DB6NT 
module. Results seem very encouraging when 
compared to the old system. Even with the built -
in 106.5MHz xtal (plus Murata heater), the 
stability is very good, warm up drift and 
resettability being much less than the old 
MAComm “whitebox” one. An external G8ACE 
OXCO oscillator has now been fitted in place of 
the existing oscillator and the stability is very 
good indeed. The  lower phase noise 
performance of the ACE oscillator appears to 
produce much cleaner received signals on 

10GHz. The old “whitebox” based system has 
now been kept as a standby 1 watt transverter 
 …. just in case! 
    To date, Peter has had only two microwave 
contacts this year. One with G3LRP on 10GHz, 
achieved by reflection from a tower some 12 
miles east and the other a 24GHz contact with 
G0HNW. This latter contact was part of a most 
interesting hour while out /portable on a roadside 
layby, far away from F&M restrictions! Paul, 
G0HNW set up his 720mW 24GHz system on his 
lawn and listened for Peter’s 500mW signals by 
reflection from a site at Grenoside (N. Sheffield) to 
the Holme Moss TV mast. The distance from 
G3PHO/P to Holme Moss was about 24km while 
Paul is 6km from the mast. The signals both ways 
were S9 and extremely stable. In fact Peter made 
only one tuning adjustment in an hour’s 
operation and that was only to peak the cw tone 
to suit his hearing! Other reflections were 
observed, one being off the Pennine moors 
themselves (possibly a sheet of corrugated metal 
over a grouse shooting butt!). A double reflection 
was achieved when Peter aimed the 35cm dish at 
a PMR tower 150 metres behind him. The signal 
then hit the Holme Moss mast 24km away and 
was again reflected to G0HNW! The number and 
strength of reflections appears to be better than 
on 10GHz for comparable power levels and dish 
gains. Finally, the direct and horrendously 
obstructed  20km+ direct path between the two 
stations was  tried and signals heard immediately, 
easily workable on CW and possibly on ssb. 
These Californian 24GHz PAs are certainly doing 
their stuff! 
 
John, G8ACE, Winchester (hazell@cwcom.
net) sends in the following report:  
I have finally made some 24GHz Californian 
amplifier measurements here. I have measured 
two.  W ith 125uW drive,  one gave 400mW, the 
other 600mW output.  On increasing the drive to 
300uW the 400mW went to 500mW but the 
600 one stayed at 600mW.  This was using the 
PA output port butt joined to WG20. 
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    I built the OE9PMJ filter design circa 1989!   
(Drawings in the French  Hyper newsletter, 24G 
Special Edition). I already had a nice one I had 
acquired, made in brass.  Both these tuned 
nicely  to 23904MHz … the image!  I cannot get 
to the bottom of this.  Some Dutch users have 
rotated the filter through 90 degrees but it 
doesn’t work for me.  On making the chamber a 
little smaller it works super and looks as if the Q is 
around a 1000. Insertion losses must be low as 
maximum output through it from the  
transverter is 300uW.    
 
A report from  Gaëtan, ON4KHG
[cesgai@swing.be] details a European contest 
held on March 3/4 this year….. 
 
ON4KHG/P, JO10TQ: 
Quite cold weather for this first contest of the 
year. I decided to set up the station on a hill, 

135m.a.s.l,  between Tournai and Brussels. The 
main goal was to be active on 23cm and 3cm 
but I had also 2m. on which I was active when 
no new stations could be found on higher bands. 
    On Sunday morning we had 1 cm of snow 
and a temperature of -2° C. Later, it rose above 
freezing point but due to the wind, it seemed 
even colder. 
    Due to these bad weather conditions, fewer 
stations were active on higher bands and almost 
no G station was active. I got the explanation 
from one of them; the RSGB asked hams not to 
go portable, to stay as far as possible from farms 
where the foot-and-mouth disease is hitting.                            
 
Results :  
144 MHz: 45 QSO's - 9324 points - ODX 693 
km (F1DVD/P - JN04TO) - 25 W + 9 el. 
1296 MHz: 29 QSO's - 4819 points - ODX 451 
km (DH9NBU - JO40XI) - 10 W + 35 el. 

 A WORLD FIRST AURORAL CONTACT ON 23cm ? 
 
On April 11th. 2001, at 1650z  SM5QA and myself, SM3AKW, made what is possibly the world’s first 
auroral contact on 1296MHz. 
 
Signals were 33A both ways and sounded like Ar on lower bands.  Our Locators are JP92AO  and 
JO89WJ so this is an almost North/South path. 
 
The doppler shift was still 5kHz  high both ways. We were transmitting on  .200 and heard each 
other on  .205  
 
We are both running 500W  to  4 x 26 element loop yagis (SM3AKW) and  SM5QA to a 1.6M DISH. 
 
I have been trying for 20 years and have been heard by  Finnish operators, ES  and SM4IVE but 
none of them had QRO stations to complete a QSO with me. 
 
On the 1st April this year, Aat 1600utc, I had the pleasure of hearing SM5QA via aurora on 
1296MHz but conditions deteriorated before we could complete. 
 
I would be very interested to know if this is a world “first“ !! 
 
 
Carl G. Mohlin SM3AKW 
Harnon, Notsand 1, 
Se-87193 Haernoesand, Sweden 
Phone/fax: **46#61179020 
Email: sm3akw@mail.bip.net 
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Hrd DB6NT (JO50TI), 568 km but no QSO. 
10368 MHz: 7 QSO's - 1187 points - ODX 277 
km (DK1VC - JO31RG) - 2,5 W + 48 cm dish 
73 from Gaëtan, ON4KHG 
 
From: Jonathan Naylor , HB9DRD/G4KLX 
[mailto:g4klx@pop.agri.ch] 
I have now moved to a new QTH. My new 
location is a village called Pfafhausen about a mile 
outside of the city of Zurich and in a very good 
location for working north. We have been told 
that you can see the Black Forest from here on 
a clear day ! 
    I hope to have the radio equipment working 
soon, and start checking to see which beacons I 
can hear. Certainly, if there is an opening to the 
UK then I am very well sited to take advantage 
of it.  
    My locator is something like JN47HI which is 
the same locator as HB9CZF, another big 3cm 
operator, although my location is a bit better 
than his. 
    At present my wife and I are still unpacking 
boxes and sorting things out, I've only just got 
back onto the Internet. 
    I hope in the May contest to operate from Mt 
Saentis at 2500m ASL, weather permitting. 
Either way I hope I can report some good 
activity for you. 
73 from Jonathan  HB9DRD 
 

Don’t forget! 
 
The first of the RSGB Microwave 
Committee 10GHz Cumulatives 
takes place on Sunday, 27 May 
2001 
 
Please try to be active for some, 
if not all, of the time …. 
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 LATE NEWS – FREQUENCY CHANGES 
Just as this edition was going to press we received 
the April edition of  Region 1 IARU VHF/UHF/SHF 
Newsletter from Arie Dogterom, PA0EZ. It contains 
some important news about the outcome of  
WRC2000 concerning, in particular, the amateur 
allocations above 71GHz. As a result of 
WRC2000 these allocations have been changed 
quite a lot. In practice, if the allocations are 
implemented by the individual regulatory 
authorities, we stand to gain spectrum space, 
even though some parts of “our” bands are also to 
be used by the Radio Astronomy service. Not all of 
the  changes shown below may  be adopted in the 
UK. However, they are ITU changes and will 
certainly have some impact on us. The proposed 
changes are (remember these are Region 1 figures, 
not specifically UK): 
 
The 76GHz Band 
We had 75.5 –76GHz Primary/Exclusive and 76-
81GHz secondary. We now have, until the year 
2006,  500MHz secondary and, permanently, 
1500MHz secondary between 76GHz and 77.5GHz 
as well as a 3GHz secondary allocation between 78 
and 81GHz. The 500MHz primary/exclusive 
segment has been moved to 77.5-78GHz. 
So, until 2006 we keep what we already have, 
albeit slightly shifted in frequency. From 2006 we  
lose 500MHz.  
Newcomers to millimetre bands should now 
plan on building for 75.5 to 76GHz. 
 
The 120GHz Band 
This is now to be in the ITU table as a 750MHz 
(formerly 40MHz) wide amateur allocation between 
122.2 and 122GHz (formerly 119.98-120.02GHz). 
It has not yet been allocated in all Region 1 
countries. 
 
145GHz Band 
A major change here. The complete amateur 
allocation has been moved down by 8GHz to 
primary status at 134-136GHz. Radio 
astronomy gets a secondary share there. 
 
250GHz Band 
Nothing has changed here. 
 
More information can be found at: 
http://people.a2000.nl/adogtero/start.htm 


