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PRESENTATION

Une demande a été faite , lors de CJ 97 , a propos des 5,7 Ghz :

Pourquoi si peu de stations Frangaises sur 6 cm ?  Et la réponse a été par manque

de documentation ! /
!

Nous avons donc préparé cette compilation de tous les articles que nous avons pu trouver
a ce sujet .

Ces documents sont extraits des ouvrages ou revues suivantes :

- Feedpoint

- Hurk Infos

- UHF VHF Manuel

- VHF Communications
- Microwaves Newsletter
- Proceedings Weinheim
- Proceedings CJ

- Radio REF

- DUBUS

-CQDL

- QEX

ou , ont été rédigés par des Oms pour le bulletin HYPER . Saluons a cette
occasion le beau travail de Vincent , F10OPA et les descriptions de Jean-Luc
F1BJD.

D'autres OMs ont participé a la redaction de ce numéro : FSEFD , FBUM et FOHX
remercions - les des infos transmises .

Tous les droits d’auteurs ou de reproduction réservés lors de la parution de
ces articles , sont, bien sar, conservés, notre réle n'est que de les diffuser plus
largement et de maniére plus ciblée , réunis dans un méme document .
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LE 5,7 GHZ EN FRANCE

La bande des 6 cm ( 5760 Mhz ) est fort délaissée en france et c'est bien dommage ! Pourtant le matériel
est plus facilement récupérable ( Bande pro a 6 Ghz ) , les montages sont disponibles comme sur 3 cm ( merci a
DB6NT ), les réglages plus souples , le réglage d'un ampli est du vrai " giteau " et les performances bien meilleures
l'atténuation en espace libre étant plus faible . Alors pourquoi aussi peu de volontaires ?7?

PERFORMANCES :

Aujourd'hui , on peut atteindre facilement le Watt sur 6 cm en émission et , pour un QSJ raisonnable (= 700 FF ) on peut
méme avoir un transistor de 5 W . Coté reception , un NF de 1 a 2 dB est facilement accessible et pour l'antenne , les
schémas de source ne manquent pas . Le record de France en SSB est aujourd'hui de 507 km entre F1BID/P 72 et FSJWF/P
dans le 01 .

LES STATIONS FRANCAISES
STATIONS FRANCAISES ACTIVES EN 5,7GHz
INDICATIF | BANDE| LOCATOR PWR ANT | NF PRENOM TELPH. REMARQUES

F1BJD/P C INSBWE 15 09 ? JEAN LUC 02-43-81-81-04

F1GAS C ? ? ? ? BERNARD
F1GHB/P C IN88IN 10 0.9 2 ERIC 02-96-47-22-91

F1JGP C JN17CX 17 09 1,7 PATRICK 02-38-65-51-96
F1JSR/P C JN36FG 01 16 ? SERGE 04-50-72-00-52 ATV

FINWZ C JN17 0,25 09 2.7 PIERRE 02-38-57-20-79
F1RVO/P (04 JNOS 0,18 08 ? MICHEL 04-90-85-88-39 GJBWDK
F1SAH/P C IN88MS 0.2 ? ? ERIC
FSAXP/P C JNO3RQ ? ? ? DOMINIQUE 05-61-70-45-14
FSEFD/P C IN88GT 0,2 09 ? MAURICE 02-96-91-04-37

FSHRY C JN18EQ 2 0,7 2 HERVE 01-69-96-68-79
FSJWF/P C JN35BT 4 09 09 PHILIPPE 04-50-56-72-03

F6CGB C JN18FW 1 0,7 ? RENE 01-48-30-71-04
FE6DPH/P C JN18 12 1 ? PHILIPPE 01-60-59-13-96
FEDWG/P C JN19DL 0,2 0,6 ? MARC 03-44-84-73-84

FEETU/P (] JN13FK 0,25 ? ? JEAN-MARIE 05-61-20-73-90

FEBHYE/P (] JN36BI ? ? ? PATRICK 04-50-94-19-14

F8UM/P C JNOS 32 09 ? RENE 05-55-27-90-32

Note : 5,7Ghz = C, PWR en Watts, ANT en Métres, NF en dB
FSEFD
F16H8
FiNwe FéNye
FL6AS » FETWF
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LES BALISES 6 CM

LES BALISES EN FRANCE
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Getting Started on the Microwave Bands

By Rick Campbell, KK7B
(from QST, February 1992) |

Several pockets around the country contain much of the
US amateur microwave activity. These pockets come into
being when one amateur in a geographic location builds a
station for the “next higher band,” and then serves as a mentor
to a small group of interested enthusiasts—often contesters
who want to improve their scores. Recent advances in micro-
wave technology have made access to the microwave bands
easier than ever before. Building a complete microwave
station in the 1990s is about as challenging as assembling a
mobile rig in the 1950s—and just as much fun!

I intend this tutorial to help you get your feet wet in en-
gineering, building and operating Amateur Radio stations on
the microwave bands, with a focus on the 5.7-GHz band (which
I'1l sometimes refer to as “5760”). Although the focus of this
article is weak-signal contest and “grid-expedition” style com-
munication, the information provided here is useful to anyone
interested in getting on any of the microwave bands. After a
little introductory theory, I'll describe a basic 5760 station that
you can use as-is for line-of-sight hilltopping, or that you can
enhance in stages all the way to moonbounce (also known as
earth-moon-earth, or EME) capability.

introduction

Commercial equipment is now available for narrowband,
weak-signal work on all amateur bands from 1.8 MHz through
10 GHz. Until recently, the only gap in that coverage was the
5760-MHzband, a void that Down East Microwave filled with
a no tune 5760-MHz transverter.! Amateurs who have oper-
ated on 2.3, 3.4 or 10 GHz will find no surprises at 5.7 GHz;
those who haven’t done so will find 5760 to be an interesting
and surprisingly far-reaching band.

It’s easy to find other hams interested in getting on 5760—
their calls are published in the VHF and UHF contest scores in
QOST. Look for a nearby call with lots of letters after it, but no
h.

A few of the developments responsible for the dramatic

- increase in amateur microwave activity are: .

« Unconditionally stable MMIC amplifiers are now avail-
able at far less than the cost of the surplus amplifiers used by
amateurs a few years ago. Destroying a component is now a
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three-dollar mistake instead of a total catastrophe!

« Printed-circuit no-tune bandpass filters, widely usedin -
industry, have been designed for the amateur bands. These
filters include the manufacturing and circuit-board tolerances
in the design, and use many low-Q resonators in a flat-re-
sponse bandpass filter, instead of a few high-Q, critically tuned
resonators. It’s now possible to obtain better performance with
no tuning at all than was previously available with multiple
interacting microwave tuning adjustments made by carefully
tweaking a device while watching its output with a spectrum
analyzer!

< You can build a complete microwave transverter sys-
tem, using all new components, at a cost competitive with
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radio equipment for the lower frequencies. This makes the use
of surplus components optional and removes the greatest bar-
rier to amateur microwave operation: the lack of reasonable
priced equipment.

A pair of basic transverters can be used to test receive
and transmit amplifiers, filters and antennas, with essentially
no other test equipment.

Propagation

Amateurs commonly use four propagation modes at
5.7 GHz: line-of-sight, obstructed paths, over-the-horizon tro-
pospheric, and EME. Line-of-sight paths provide the stron-
gest signals, and an excellent way for microwave experiment-
ersto gettheir feet wet. The other modes are discussed in more
detail in my article in the Proceedings of the 1991 Central
States VHF Conference.?

Free-Space Path Loss

The Friis path-loss formula, often quoted but seldom
understood by communications-systems engineers (amateur
or professional), states that: The loss berween a pair of isotro-
pic antennas increases as the square of the distance and the
square of the frequency. The statement, “Path loss increases
with frequency,” taken out of the context of the Friis path-loss
formula, has been repeated so many times in the literature that
many amateurs and professionals believe it is a physical law.
It’s not!

Friis actually worked with three “path loss™ formulas, the
most basic of which states that the loss between an isotropic
transmit antenna and a one-square-meter receiving antenna
goes up as the square of the distance—independent of the
frequency. This is called “geometric spreading,” and it is a
physical law.3 The second formula is for the loss between a
pair of isotropic antennas, and includes a correction factor for
the effective size of an “isotropic receiver.” The third formula
states that the loss between two antennas of a given size goes
up as the square of the distance, and down as the square of the
frequency 456

Because antenna gain can be converted to effective area
and vice versa, any of the three formulas can be used to obtain
the correct path loss for any transmit and receive antennas.
The only difference between the three formulas is in the cor-
rection factors needed for the different antenna combinations.

Most of us would rather remember a few simple rules of
thumb than a bunch of formulas in a textbook. Let’s convert
the various “path loss™ formulas into English:

1) For systems with antennas like dipoles and Yagis,
where we specify antenna gain, the “path loss™ goes up as the
frequency goes up. A dipole is a fine receive antenna for 80
meters, but a 5760 dipole isn’t very useful—it doesn’t inter-
¢ept much signal, and it’s too small for a tie clip!

2) For systems with dishes and lenses, where we specify
antenna size, “path loss™ goes down as frequency goes up. If
you use the same dish for 2304, 3456 and 5760, and run the
Same power and noise figure on all three bands, signals will
be 8 dB stronger on 5760 than 2304.

) Reference Data for Radio Engineers concludes its sect
flo-n on freq—space path loss with this statement: “As frequency
1S Increased, the transmit power or the antenna sizes can be
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reduced,; it is clearly better to use the highest frequency for
which generators and receivers are available.™

Remember: Loss on a free-space path is independent of
Jrequency; the antenna gain-size correction factors are fre-
quency dependent.

On line-of-sight paths with no ground reflections, path
loss increases as 20 times the log of the path distance. In very
useful terms, that works out to 6 dB every time you double the
distance, or 20 dB if you multiply the distance by 10.

Let’s put all this into practice. Suppose you set up two
5760-MHz systems 10(? meters apart. Using a calibrated vari-
able attenuator in the transmit feed line, you determine that the
signal received on the 100-meter pathis 46 dB above the noise.
How far apart can these two stations be and still have a signal
above the noise level? First, double the distance to 200
meters—this reduces the signal by 6 dB, to 40 dB above the
noise. Next, multiply the distance by 10, to 2 km—this reduces
the signal by 20 dB, to 20 dB above the noise. Multiplying the
distance by 10 again, to 20 km, reduces the signal another
20 dB, down to the noise level.

Setting up portable (rover) systems on a known path and
measuring the signal-to-noise ratio is an excellent way to both
determine the maximum range of the system on line-of-sight
paths and to verify system performance.

Obstructed Paths, Trees and Tropospheric
Scatter

When you’re attempting to work over non-line-of-sight
paths, many other variables become important. A few of these
are frequency dependent, such as antenna height above ground.
Most loss mechanisms are not very frequency dependent. In
my experience, all of the microwave bands have very similar
propagation on obstructed paths, after all the bugs are worked
out at both ends of the system.

Over much of the country, even the best microwave paths
have a few trees. How much attenuation do a few small trees
have? If they are close to one end of an otherwise line-of-sight
path, it’s about 10 dB. If a few small trees occlude each end of
an otherwise line-of-sight path, the tree attenuation will be
about 20 dB. In other words, if the microwave system is ca-
pable of operating over a 100 mile line-of-sight path with no

- trees, it should be able to work over a 10-mile path with a few

trees at each end.89

What about dense or big trees? Once the direct signal is
attenuated by 20 dB or so, the signals bounced (or “scattered™)
from the treetops will be stronger than the signals comings
directly through the trees. These scattered signals can be used
to communicate when line-of-sight signals are attenuated by
more than 20 dB. If one end of the path is in the clear and the
other is inside a dense forest, expect 20 or 30 dB of additional
path loss. If both ends of the path are forested, but with a clear
line-of-sight path between the treetops near the receiver and
transmitter, 40 to 60 dB of additional path loss may occur. The
path from the forest floor to the nearby treetops near the re-
ceiver, and then down to the receiver is called a “scattered
lateral wave.”'0 A microwave system that can communicate
100 miles in free space may be able to commiinicate 1 mile in
dense forest.

These numbers are speculative, but they represent a cur-
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Fig 1—Block diagram of a basic 5760-MHz transmit/
receive system.

rent consensus of experimental and anecdotal data by profes-
sional and Amateur Radio scientists. In any case, they are the
best information currently available. This is an area in which
amateurs can make a meaningful contribution to radio sci-
ence.

Tropospheric scatter (also known as troposcatter) is a
practical propagation mode on all of the amateur microwave
bands. The US Army has operated long-range portable
troposcatter links above 3 GHz for many years. Amateur ex-
perience indicates that a 5.7-GHz station equipped with a
small TVRO dish, a GaAsFET preamp and a 10-watt amplifier
is approximately equal to a 150-watt, single-Yagi 2-meter
station—reliable for SSB communications out to about 250
miles and occasionally supporting CW work out to about 400
miles. During-enhancements, much greater distances are
possible.

Antennas

Selecting an antenna for 5760,MHz is easy: Nothing
matches the performance of a small dish. Approximate formu-
las relating the gain, diameter and beamwidth for dish anten-
nas are given in the sidebar “Approximate Gain, Size and
Beamwidth of Dish Antennas.” For example, a 24-inch dish at
5.8 GHz has the following gain, beamwidth and effective
aperture, according to the formulas given in the sidebar:

Dish diameter: 11.7 wavelengths
Gain: 28 dB

3-dB beamwidth: 7.7 degrees
Effective aperture = 0.15 m?

The gain can be improved by up to about 2 dB by using
an optimized dish feed. Several excellent articles have been
published on such feeds. The recent one by Barry
Malowanchuk, VE4MA, is particularly useful.!!

Unlike the lower-frequency bands, it’s fairly easy to de-
velop 100 much antenna gain at 5.7 GHz. Recall that gain and
beamwidth are inversely related. My 19-inch dish on a smal]l
camera tripod has a nice 10-degree beamwidth. It is ideal for
loaning to high-school students running a grid expedition to a
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Fig 2—A complete 5760-MHz station and 24-inch dish
antenna, less IF transceiver and 12-V power supply,
mounts on an inexpensive camera tripod and is ready
to go anywhere!

windy hilltop for the first taste of microwave Amateur Radio.
Even a 10-degree beamwidth is awful narrow when you can’t
see the other station and aren’t sure where to point the antenna.
In addition to antenna aiming uncertainty, there's also fre-
quency uncertainty. For the contact to occur, the antenna aim-
ing and radio tuning must be correct at the same time. For
beginning operators, or experienced operators on cold, wet
hilltops with state troopers slowing down to ask questions.
aiming a narrow-beamwidth antenna can be frustrating.

Building a Basic Station for 5760 MHz

This section presents a basic 5.7-GHz station. You ¢!
improve this station by adding amplifiers, Tr switching and 2

PAGE 9/47%¢€

—_—



bigger dish. This is in contrast to another common microwave
system concept, in which an operator builds a “simple” duplex
station to make a few contacts with one other station, and then
has to build a whole new station if he or she becomes interested
in working someone else on the weak-signal calling frequency
(5760.1 MHz).

The entry-level station I'll describe here is simple, almost
foolproof, can be built at low cost using only new components,
and can serve as the core of a moonbounce or troposcatter
system. Of equal importance is that the entry-level station
serves as test equipment for all of the antennas, feed lines and
amplifiers as they’re added to the system.

There are two attractive approaches to entry-level 5760
stations that can be easily enhanced up through the EME level
(and beyond). The first approach, used by many hams already
on the band, is to convert a Frequency West-type surplus
phase-locked oscillator to 5760 plus or minus 144 MHz, use
a surplus microwave mixer, and retune a surplus filter to pass
5760 mHz. The surplus route has some advantages—if you
have access to the parts, expertise and test equipment needed
to get it up and running:

« It can be very inexpensive

« Converting surplus is a long and honorable Amateur
Radio tradition.

« There may be a psychological advantage—it seems
easier to start with something that already works and modify
itrather than to make something new from alittle Teflon board
and a teaspoonful of parts.

« Converting surplus is fun—and is the perfect excuse for
buying and using a spectrum analyzer—which is even more
fun, but negates the first advantage.

The second approach to an expandable entry-level 5760
station involves assembling a station from no-tune boards, as
discussed in O¢tober 1990 QST.12 This approach has numer-
ous advantages, mostly because microwave technology has
come a long way since those Frequency West local oscillators
were built a quarter century ago. Some of the advantages of the
no-tune approach are:

* Youdon’tneed microwave engineering talent to get the
basic station on the air.

< Ituses all new, inexpensive parts, and you can duplicate
or repair it at low cost.

* You don’t need any RF test equipment.

* Itis very easy to assemble and very reliable.

* Most importantly, a station can be put on the air by
anyone with basic soldering and construction skills—not just
mystical guru spectrum-analyzer engineers.

System Block Diagram

The block diagram of a 5760-MHz transverter system
using no-tune boards is shown in Fig 1. (The block diagram of
the entry-level system using surplus components is not
shown—it depends on the available components, and if you're
capable of assembling a microwave station from surplus com-
ponents, you don’t need my block diagram!) Note that a
1296-MHz IF is needed with the no-tune 5760 transverter
board. Three options for a 1296-MHz IF are (1) 2 1296-MHz
multimode transceiver (expensive but increasingly popular);
(2) an existing 1296 transverter with a multimode IF trans-
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996-3584 (after9 PM) components ‘p 'oe fist avallabie

ceiver; and (3) ano-tune 1296 board with a multimode 2-meter
IF radio.

2-Meter IF Transceiver

Any 2-meter multimode radio can be used as a micro-
wave IF. Older rigs are simple, inexpensive, and have poor
sensitivity, whichis fine, because the system noise figure is set
by the 1296-MHz IF or 5760-MHz preamp. My favorite is the
ICOM IC-202, a nearly ideal microwave IF rig in the $100 to
$150 price range. These radios, unfortunately, are becoming
quite hard to find. The original Yaesu FT-290R is my second
choice, as it is small, has a few useful bells and whistles and
low battery drain. The typical price range for these rigs is
about $200 to $300, depending on condition and accessories.
For those who prefer a “real” radio, the analog-tuned Kenwood
and Yaesu radios from the TS-700 era are widely available in
the $250 to $350 price class. I personally prefer digging for
weak CW signals with an analog knob, rather than a 100-Hz
click-step synthesizer knob.

Antennas

Asmentioned earlier, for an entry-level antenna, it’s hard
to beat a 24-inch dish (UPS shippable and currently about $70
from The Antenna Center [see the sidebar “Where to Get the
Pieces”]). Use the triband feed designed by Tom Hill,
WA3RMX!3 (available for $15 when this book was béfng
prepared from Down East Microwave), mounted on an inex-
pensive tripod from K-Mart or another variety store. Feed
efficiency can be improved later, but the 24-inch dish is just
about optimum for both hilltopping and long-haul tropo work.
For what otherband can you buy the same antenna the big guns
are using, brand new, for $70?

Communication with Entry-Level Stations

As Table 1 shows, a pair of entry-level stations are ca-
pable of surprising DX from hilltop to hilltop—roughly the
same as a pair of 10-GHz Gunnplexer stations with small
dishes. A pair of operators willing to locate the appropriate sct
of grid squares and hilltops can easily work VUCC. Entry-
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Table 1 ;
Basic 5760-MHz Station Characteristics

Power output: —10 dBm (100 uW, or 0.1 mW)

. Noise figure (NF): 10 dB

Bandwidth: 100 Hz or 2.5 kHz*

Antenna gain (G,): 25 dBt .

Effective aperture (A,): 0.1 m2t

Maximum communication distance: 8000 km (5000 miles)**
Routine SSB communication distance: 160 km (100 miles)tt
SN100:*** 84 dB

*100 Hz is an approximation for the ear-brain bandwidth when
copying weak CW through an SSB filter.

1G, and A, are for a 24-inch dish with 25% efficiency (includes
illumination and feed-line losses).

**Represents a 0-dB signal-to-noise CW signal at the human
hearing threshold.

tTRepresents “armchair copy” SSB (20 dB above the noise in a
2.5-kHz bandwidth).

***Expected signal-to-noise ratio in a 2.5-kHz bandwidth of two
identical 5760-MHz systems aimed at each other over an
unobstructed 100-mile path.

Fig 3—This simple utility amplifier, suitable for 903,
1296, 2304, 3456 and 5760-MHz transmitting and
receiving use, consists of three MMICs, three ordinary
resistors and five chip capacitors.

level stations are nearly ideal for contesting because they use
no amplifiers that could oscillate or fail, no expensive micro-
wave relays with their associated connectors and switching-
voltage complications, and they can be mounted right at the
dish to eliminate feed-line loss and all the other complications
of using feed lines. The entry-level station is all many opera-
tors will ever need, and smart contesters experiment with en-
try-level stations before adding the complexity of amplifiers
and relays. Fig 2 shows a complete entry-level system built
entirely from Down East Microwave no-tune boards.

Entry-Level Stations as Test Equipment

The nature of microwave hamming is such that you eithers
own two complete systems for each microwave band or are
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within driving distance of another station. The ideal piece of
test equipment for a 5760-MHz station is a second 5760 sta-
tion. If eachis an entry-level station made from no-tune boards,
then the approximate power output, noise figure, antenna gain,
and so forth, are known and, more importantly, stable.

One rule needs to be followed: The local oscillators (LOs)
in the two transverters need to be on slightly different frequen-
cies. Otherwise, it’s impossible to separate the up- and down-
converted microwave signals from IF-signal leakage (some-
times called breakthrough). Normally the natural offsets of
fifth-overtone crystals gre more than enough to provide the
needed LO frequency offfset, butif you’re not sure whether the
signal you're hearing is at 5760 MHz or IF breakthrough,
wave your hand near the antenna and listen for Doppler fluc-
tuations, or breathe on the LO crystal to change its tempera-
ture, which should provide enough frequency shift for you to
hear easily.

A number of useful tests are possible by setting up two
stations as described in Table 1 facing each other over a path
of about 100 m.

« Place a 40-dB pad in the 1296-MHz IF line of each system.
SSB signals should be just barely readable both ways. With
pads in the IF lines and signals at the “just-barely readable”
level, you can compare the effects of different dish feeds, feed
lines and filters. By using CW, disabling receiver AGC and
using an audio-output meter calibrated in decibels, you can
make quantitative comparisons. If a standard-gain antenna is
available, you can also make antenna-gain measurements.

* Youcan determine frequency offsets and study the effects of
time and temperature on stability. I write the frequency offset
(ie, “5760.100 MHz = 144.126 MHz") on each transverter
with an indelible marker.

< On the bench, an entry-level system can serve as a low-level
source for aligning filters and measuring amplifier gain, filter
loss and transmission-line loss. In receive, the entry-level
system provides a way to listen and compare signal levels in
transmitters.

Enhancing the Entry-Level Station

The entry-level transverter is the heart of a more elabo-
rate station for working over obstructed paths, and via
troposcatter and moonbounce. Moving up to the next level
requires adding 5760-MHz gain to the transmit and receive
signal paths. You need three things to do this: (1) a way to
separate the transmit and receive signal paths; (2) a receive
preamplifier; and (3) a transmit power amplifier.

The easiest way to split the transmit and receive paths is
with a pair of microwave relays. These are expensive, but are
often available surplus at hamfests and flea markets. Once the
transmit and receive paths are separated, you can add ampli-
fiers. A particularly useful amplifier for low-level transmit
and receive use is shown in Figs 3 and 4. At 5760 MHz, the
three-MMIC circuit has a gain of about 15 dB, a noise figure
(NF) of about 7 dB and a few milliwatts output. Station en-
hancements are discussed in more detail in my article in the
Proceedings of the 1991 Central States VHF Conferenc«c'.M

Grid-Hopping Operating Hints

Here are four suggestions that have been useful in the 1ast
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Flg 4—Schematic of the utility amplifier. Chip
capacitors and MMICs are available in small quantities
from Down East Microwave, Microwave Components of
Michigan, and other sources.

ten years of microwave grid hopping at KK7B:

« Setup and test everything (both stations) the week before the
contest or grid expedition. Fix any loose connectors, charge
batteries and make sure everything is ready to go.

« Pick a reasonable liaison frequency. Two-meter FM hand-
helds are useless for all but the shortest microwave paths.
Two-meter SSB radios with %-wavelength whips are okay for
medium-length paths, but remember that even the simplest
pair of 5760 stations with 24-inch dishes is capable of operat-
ing SSB over a 100-mile path. With amplifiers, the 5760-MHz
system will outperform 2-meter SSB stations with 150-watt
“bricks” and Yagis! During the last few KK7B/8 multiband
grid expeditions, I’ ve used 5760 MHz as the liaison frequency
for the lower bands!

* Work your own grid square first by setting up both stations
a couple of hundred feet apart. This confirms that everything
still works, permits a final check on operating frequencies, and
gives you at least one contact on the band, in case the weather
turns foul or something fails.

* Most “line-of-sight” microwave paths have a ground-re-
flected component. Ground-reflected signals may add or sub-
tract with the direct signal. Sometimes aiming a dish a few
degrees above the horizon improves signal strength by reduc-
ing the ground-reflected component.

Conclusions

The 5760 stations described in this article are portable,

. lightweight, reliable and can be battery powered. They can be
operated from home stations, but the real fun begins when you
take the station to a hilltop or beach. You can earn a 5760-MHz

HYPER
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VHF-UHF Century Club (VUCC) award by working just five
grid squares on 5760. Obtaining VUCC from a portable loca-
tion is not only practical, but is generally easier than working
five grids from a home station. This is one of the few areas in
ham radio where you can be a “big gun” while living in an
apartment, dormitory, barracks or *“controlled community”!
Two-foot dishes fit nicely in the trunk or back seat of a car, and
a backpack station is entirely feasible.

An operator who concentrates on 5760 and coordinates
with other 5760 operators can stay happily busy for an entire
contest weekend. And this is without even considering adding
a couple more bands tb your setup, which you can do easily
using no-tune transverters and a multiband dish feed.!> You
don’tevenhave to get permission in advance to set up acamera
tripod and small dish at a scenic overlook.

Perhaps best of all, you get to drive around and enjoy the
hilltops and beaches between contacts, instead of gritting your
teethin frontof an overloaded 2-meterrig while your neighbor
works the rare grids with his legal-limit amplifier!
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REVONS UN PEU !!!

Ces derniers mois , nos " fournisseurs " préférés ont sorti une nouvelle génération de GaAsFets de puissance dans la
bande C (aux environs des 6 Ghz ) , peut étre nos futures " récupérations " . Pour se faire saliver , un petit apercu :

The C-band GaAs FETs ot a glance

&

B ; . Power- ... Typical

:Frequency Output ;; added ... third-order
, range power  Gain _efficiency . intermodulation
... Model i (GHz)  (dBm) .. (dB) .(percent) . distortion (dBc)

TOSHIB A $?4m3742-43L B37t042 F4365 55{(10.5 - a7 -45

#1IM3742-85L  [:3.7104.2 i .+39.5 -45

e

1ETIM3742-165L K37 t0 4.2 [ +425 § )
:JIM3742-30SL §:3.7t04.2 | +450 & P A5
ITIM5964-4SL 5910 6.4 L +365 oo =45
TIM5964-8SL  £.59t06.4 ; +39.5 | B

JTIM5964-165L §5.910 6.4 F+425 [
“TIM5964-30SL | 5910 6.4 * +450
qIM6472-4SL  }6.4107.2 | +36.5 |
TIM6472-8SL 6.4107.2 1 +39.5
TIM6472-16SL §6.4107.2 1 +425 ¥
_TIM7785-4SL ¥7.71085 ' +365 | 6.
;TIM7785-85L  £7.7t085 | +39.5 | 6.0
‘TIM7785-165L {7.7t08.5 {'+425 }: 55
TIM7785-30SL F7.7108.5 :+45.0 F 6.0

YT
w
o
A
(&)

‘.&_,....._.N,,_.‘a,‘_
g |20 |

e e e s o n 3 s S et e

Typical C-Band Performance

FLC091WF 6.0 28.8 8.5

FLC161WF 6.0 31.8 7.5 -

FLC253MH-6 6.4 34.0 9.0 e
FLM5964-4D 5.9-6.4 36.0 9.0 1 FU ] LISU
FLM5964-6D 1 5.9-6.4 - 38.0 8.0 S

"FLM5964-8D 5.9-6.4 39.0 8.0
FLM5964-12DA 5.9-6.4 41.0 9.5
FLM5964-18SDA 5.9-6.4 42.5 8.5
FLM5964-25DA 5.9-6.4 44.0 8.5
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TRANSVERTERS 6 cm
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TRANSVERTER 6CM
GRIGIS Vincent F10PA
16 rue Eugéne Delacroix
38000 GRENOBLE
Tél : 04-76-15-33-64

Suite a CJ et A 'apparition sur le marché de nouveaux MMIC, I'idée m'est venue de réaliser
un transverter 6cm ayant des performances correctes, une mise au point simple et un prix de

revient réduit.

DESCRIPTION (Fig. 1)

O 12V RX

12V X

H3 HS

HE HS
=

HE H3

=3 H

AO

L0

R10

c16

=
(5]
©
>
-

1 : transverter 6¢cm
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Désignation Référence
C1,C2,C3,C4,C5 Condensateur 2.2uF
C6,C7,C8 Condensateur 10uF
C9,C14,C23,C24,C28,C30,C32 Condensateur CMS 10pF, boitier 805

C10,C11,C15,C17.C22.C25,C29.C31,C33,

Condensateur CMS 100pF, boitier 805

C12,C13,C26,C27,C34,C35

Condensateur CMS 10nF, boitier 1206

C16,C18,C19 Condensateur CMS 3.3pF, boitier 805
C20,C21 Condensateur'CMS 1.5pF, ATC
R1 Résistance CMS 91 Ohms, boitier 1206
R2,R3 Résistance CMS 120 Ohms, boitier 1206
R4 Résistance CMS 47 Ohms, boitier 805
RS Résistance CMS 12 Ohms, boitier 1206
R6.R10 Résistance CMS 100 Ohms, boitier 1206
R7 Résistance CMS 22 KOhms, boitier 1206
RS Résistance CMS 270 Ohms, boitier 1206
R9 Résistance CMS 470 Ohms, boitier 1206
Ll NEOSID BV5061
1.2 Inductance CMS 2.2uH
IC1 Régulateur 7808
IC2,1C3 Régulateur 78L05
IC4 Convertisseur 7660
IC5,IC8 MMIC ERA2
I1C6,IC7,1C9 MMIC ERA3
T1 HEMT ATF36077
PB1,PB2,PB3 Voir description

5 connecteurs SMA

Boftier 111*74*30

Nomenclature des composants

L'oscillateur local, d'une puissance de 10 mW, est reparti entre la chaine d'émission et de

réception grace a un Wilkinson.

* Réception

La chaine de réception comporte 3 étages: Deux pour l'amplifications (T1, IC9) et un
mélangeur (IC8). Ce dernier est sous-polarisé afin de le rendre non linéaire, ce qui permet
d'obtenir un mélange, entre la RF et I'OL, optimum. La résistance R5, dans le drain de T1, permet

d'assurer sa stabilité.

Pour permettre de diminuer le facteur de bruit, il est important de soigner la réalisation de
la cavité PB3 (Fig. 2). Celle-ci étant sous-dimensionnée, les pertes d'insertion sont loin d'étre

négligeables.

HYPER
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.

13.00
16.00

IS —

10.00

o
L
N

L] 16.00

P Vis M4 laiton
‘Fillage usine sur 10mm

Fig. 2 : Cavité 6cm

*Emission
La chaine d'émission comporte elle aussi 3 étages, deux pour I'amplifications (IC5,ICO) et L

un mélangeur (IC7). Le produit de mélange désir€ est filtré une premiére fois par PB2, amplifi¢ par
IC6, de nouveau filtré par PB1 puis amplifié 2 nouveau par IC5 (Ce dernier pourra gtre remplacé
par un autre MMIC ayant un point de compression plus é1evé, en fonction de 1'évolution de la -
technologie). Le réglage de la fréquence de résonance de PB1 et PB2 pourra étre fait avec une vis
laiton M4 classique, le filetage étant conservé, contrairement a PB3.

DESCRIPTION

“*Circuit imprimé (Fig. 3) ’
Le circuit imprimé est réalisé sur du DUROID d'épaisseur 0.79mm et de permittivité 2.55.

F10PA
' 6cm TRVT L
RX
| 4 g 4
AT __ IR

Fig 3 : Circuit imprimé
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* Implantation des composants (Fig 4, Fig S)

LO

RX 2M i

C33 C32

Fig 4 : Coté pistes

PB1 PB2 . C; =1 i1 | O
. B 0=
: : : €z Q@ |12v TX
o ) o )
L ] &
PB3
P P
: : @ . 99
H : s 2, QCS
213 © |12V RX
- ‘0 e ?:}cs +Q“ca
@88 o 6a & O |1
) ) ‘:c?+ + IC3  Ic2

Fig 5 : Coté composants
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L'ensemble est prévu pour rentrer dans une boite 111*74*30. Tous les composants sont
classiques a 1'éxception de C20 et C21 qui sont prévus pour fonctionner 2 cette fréquence.

Afin d'éviter les risques d'oscillation, il est important de soigner la mise & la masse , celle-ci
est réalisée grice a des vias.

Pour souder facilement les cavités, il est nécessaire de les faire chauffer quelques minutes i
300°C sur une plaque chauffante.

T1 étant fragile, il est préférable de le souder en dernier en faisant attention aux décharges
statiques.

Le couvercle, coté pistes doit étre recouvert de mousse absorbante afin d'éviter les effets
de boitier.

MISE AU POINT

* Emission
S'assurer tout d'abord que les différents MMIC sont correctement polarisés.

V (V) I (mA)
ICS 3.52 375
1C6 3.52 315
1C7 3.63 48.3

A partl'accord des cavités PB1 et PB2, il n'y a pas de réglage particulier.
J'obtiens les résultats suivant pour Pout=f(Pin) :

z

20
18
16 p—
14 =
E P
E 12 -
Rel P
= P
= //
g 8 7
6 L~
/
4 ]
2
O + + + $ t } + + + + + + ~+ + + t + + + +
30 28 26 24 22 20 18 -6 -4 -12 10
Pin (dBm)
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Le point de compression a 1dB est légerement inférieur a 15dBm. Une mesure a 1'analyseur
de spectre indique que la raie la plus proche (OL) est a -35dB.

*Réception

Régler grace a P1 le point de polarisation de T1 et s'assurer que les autre étages sont bien

polarisés.

V (V) 1 (mA)
T1 Vd=2V Id=10mA
1C8 3.50 15.9
1C9 3.54 28

Grace a une source sur 5760MHz on régle PB3 de fagon a avoir I'amplitude maximum sur
la FI, ensuite grice a trois stubs on optimisc le réglage de la chaine de réception (Fig. 6).

Stub 4.5*4 Stub 5*3

s

A l'aide du banc de mesure de bruit HP8970A + HP346B, je trouve un facteur de bruit de
1.65dB et un gain de 20dB. J'ai également réalisé deux autre types de mesure afin de vérifier ce

résultat.
Mesure de gain : A l'aide d'un synthétiseur j'injecte une porteuse de fréquence S760MHz et

d'amplitude -40dBm, j'obtiens sur la FI un niveau de -22dBm. Le gain est donc de 18dB.
Mesure de bruit : Je réalisé le montage suivant

Stub 3*3

IC8
4.00

Fig. 6 : Positionnement des stubs

oxoxc

Chalne IF
G=50dB, NF=3dB

"
1
1
1

Filire Posse—Bande Ampll 30dB Bolometre HP436

Semi—riglde 10cm

CF300

TRVT

Charge S50 Ohms Fo=150MHz, BP=36MHz

oo e e e e

En refroidissant la charge 50 Ohms a 77K, grice a de l'azote liquide, et en mesurant la
différence de niveau sur le bolomeétre, je trouve une température de bruit de 150K soit 1.78dB.

Thot=296K Tcold=77K
Phot=481nW Pcold=245nW

Y=Phot/Pcold Y=1.963

PAGE @0/1%6
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Tsys=(Thot-(Y*Tcold))/(Y-1)
Tsys=150K

NF(dB)=10*log(1+(Tsys/296))
NF(dB)=1.78dB

Cette mesure vérifie le résultat précédent. Celle-ci étant réalisée sur 36MHz de bande
passante, il est donc normal de trouver un résultat légérement supérieur a la mesure réalisée sur le
banc de mesure de bruit. ¢

Le montage parait étre sain, il ne semble pas avoir tendance a osciller et ceci quelque soit
I'impédancc d'entrée.

Pour le confort d'écoute, il est possible de placer un atténuateur de 10dB a l'entrée du
récepteur 2m afin de ne pas avoir une déviation du S-metre au repos. Le facteur de bruit n'est
augmenté que de 0.1 2 0.2dB.

CONCLUSIONS

Pour résumer on obtient : Pout (1dB) = 15dBm
NF < 1.7dB, G = 18dB
Le dessin du circuit imprimé a été réalisé sur AutoCad Light 2.0, si des personnes sont
intéressées je peux fournir une copie du fichier.
J'espere que cette réalisation permettra d'augmenter le nombre d'OM QRV sur cette
bande.
Un oscillateur est en cours de réalisation.

= T,

T |
T
< F10PA
' 6cm TRVT
RX
E LJ 8

)
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