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23cm Power-Amplifier with Bipolar Modules (13,8 Volt)
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Editorial

Dear DUBUS Reader!

Here is the final issue for 2003. So it is time again to
ask you to renew your subscription for 2004 with
your national distributor as soon as possible. In the
age of the Internet, it is not so easy anymore to
keep a printed magazine alive, but many of you
have said in our survey that you do want DUBUS to
continue. So we would be happy to see all subscrip-
tions renewed again for 2004. The good news is that
the subscription rate remains unchanged. Many
thanks!

We have some changes in the editorial staff now.
Heinz, DM2BHG, is going QRT on 2m-EME due to
the TVI situation in his neighbourhood. He sug-
gested to give the 2m EME column to somebody
who is really active on this band. Fortunately Bernd,
DF2ZC, who is a really active DXer and EME-Op
immediately agreed to edit the 2m EME column from
now on. Thank you, Heinz, for many interesting
pages - and welcome, Bernd!

We are also happy to introduce JHE6RTO, Seiji, as
our new editor for the Microwave Japan column.
Seiji is a very active operator in Japan and has good
contacts to the microwave groups in JA. For sure he
will provide a lot of interesting information from Ja-
pan to the DUBUS readers. Welcome to the team,
Seiji!

2003 is coming to its end and we can conclude that
it was a really good year for Sporadic-E, Aurora, and
Tropo. Also FAl was better than in 2002 but results
may still be limited by a lack of participating stations.
CW-Meteor-Scatter could be declared as dead, and
SSB-MS is down as well, thanks to the WSJT pro-
gram. Let’s see how things will develop after every-
body has worked everybody again via Digital-MS...
We just got a comment from Jiirgen, DK3WG, who
asks to exclude Digital-MS-QSOs from the toplist.
Any comments?

Seasons’'s Greetings to all readers and friends and
all the best for 2004

from Joe, DL8HCZ / CT1HZE
and the DUBUS team!

Liebe DUBUS Leser!

Hier ist nun die letzte Ausgabe fiir das Jahr 2003
und es ist schon wieder Zeit, das Abo fir 2004 zu
verlangern. Wir bitten alle unsere Bezieher in DL zu
unserer Arbeitserleichterung, das Abo fur 2004
mdoglichst zwischen dem 1. Januar und dem 29.
Februar 2004 zu verldngern. Der Abo-Preis bleibt
Ubrigens unverandert bei 20 Euro fir 2004. In der
heutigen schnelllebigen Zeit des Internets ist es sehr
schwierig geworden, eine gedruckte und nur viertel-
jahrlich erscheinende Spezialzeitschrift am Leben zu
erhalten. Wir wiirden uns deshalb sehr freuen, wenn
uns moglichst alle Leser auch im Jahr 2004 treu
bleiben wiirden. Vielen Dank!

Es gibt einige Anderungen im DUBUS Redaktions-
team: Heinz, DM2BHG, macht auf 2m EME QRT,
weil der TVI-Probleme in der Nachbarschaft hat. Er
hat deshalb vorgeschlagen, die Rubrik an einen
wirklich aktiven 2m-EME-Mann zu (bergeben.
Gliicklicherweise hat Bernd, DF2ZC, der auf diesem
Band via EME sehr aktiv ist, sofort zugesagt, die
Rubrik zukinftig zu betreuen. Dank an Heinz fir
viele interessante Seiten und willkommen im Team,
Bernd!

Wir freuen uns auch, unseren neuen Redakteur
Seiji, JHBRTO, fur die Rubrik "Microwave Japan"
hier vorstellen zu kénnen. Seiji ist ein sehr aktiver
Op in Japan und hat gute Kontakte zu den
Mikrowellengruppen in Japan. Er wird uns sicherlich
mit vielen interessanten Informationen aus JA
versorgen. Willkommen in Team, Seiji!

2003 geht nun zu Ende und wir kénnen bilanzieren,
dass es ein sehr gutes Jahr fur Sporadic-E, Aurora
und Tropo war. Auch FAIl war besser als 2002, aber
es mangelt dort noch an Aktivitat. CW-Meteor-
Scatter ist praktisch tot und auch SSB-MS hért man
kaum noch dank der Popularitét von WSJT. Warten
wir mal ab, wie sich das zukinftig entwickeln wird,
nachdem jeder jeden auch via Digital-MS abgearbei-
tet hat. Gerade haben wir von Jurgen, DK3WG, ei-
nen Vorschlag erhalten, der besagt, Digital-MS-
QSOs (WSJT) bei den Toplisten auszuschliessen.
Wir bitten um Kommentare hierzu.

Wir wiinschen allen Lesern und Freunden alles Gute
fur 2004!

Vy 73 von Joachim, DLBHCZ / CT1HZE
und vom ganzen DUBUS-Team!



Receiver
Dynamic Range

Leif Asbrink, SM5BSZ

http://antennspecialisten.se/~sm5bsz/index.htm
E-mail: leif.asbrink@mbox300.tele2.se

Receiver dynamic range is the ability of a receiver
to receive a weak signal without loss of readability
while a strong signal is present. The general con-
cept is very easy to understand but sometimes the
published measurements are based on non-valid
assumptions. They may actually be measuring
something else, which means that published dy-
namic range data can not be used as the basis for
selecting the better of two transceivers. By use of
a measurement method that actually mimics the
critical situation, it is easy to get reproducible and
well defined receiver dynamic range data.

This article will focus mainly on VHF receivers, but
most of the comments are relevant at all frequen-
cies.

1. INTRODUCTION

The traditional figures of merit for the dynamic
range of a receiver are the third order intermodula-
tion intercept point IP3 and the blocking dynamic
range BDR. Actually there are many different re-
ceiver overload effects, and each one defines the
upper end of a separate dynamic range; but the
receiver's responses to third order intermodulation
and blocking are generally assumed to be a good
indication of its overall strong-signal handling ca-
pabilities.

Different authors define and measure BDR com-
pletely differently. But even though the definition of
IP3 is always the same, the measurement proce-
dures defined to measure IP3 may differ — and
some measurements do not actually measure IP3.

Let us start from the beginning with these funda-
mental definitions:

0) Noise floor power density (NPD). Receiver
noise power level in a 1Hz bandwidth
(W/Hz or dBm/Hz), referred to the receiver
input. This is the lower end of all the dy-
namic ranges defined below.

On the air, noise floor power density is a
property of the receiving system, because
in addition to the receiver noise tempera-
ture Try it must include the effective noise
temperature of the antenna system:

NPD = k(Trx + Tant)  W/Hz (1)

For dynamic range measurements, the re-
ceiver input is always connected to some
kind of resistor (e.g. the output attenuator
of a signal generator) which generates
thermal noise. If this resistor is assumed to
be at 290K, it can be shown that:

NPD =-174 + NFgx  dBm/Hz (2)

where NFgrx is the receiver noise figure
(dB). Equation (2) is actually one way of
formulating the definition of the noise fig-
ure.

1) One-signal dynamic range. Max undis-
torted level of a single desired signal in the
receiver passband. Measured in dB above
the noise floor power density.

2) Two-signal dynamic range. Max level of a
single undesired signal that will degrade
the S/N of a very weak desired signal by
3dB or less. Measured in dB above the
noise floor power density. The two signal
dynamic range is a function of the fre-
quency separation.

3) Three signal dynamic range. Max level of
two equally strong undesired signals that
will not produce intermodulation products
above the noise floor. Measured in dB
above the noise floor power density.

Traditional definitions measure dynamic ranges in
a specified bandwidth. Different product reviewers
use actual CW or SSB bandwidth of the receiver,
or some may recalculate the data to a standard
500Hz or 2.5kHz bandwidth. Defining the dynamic
range in relation to the power density of the noise
floor (dBm/Hz instead of just dBm) normalizes all
measurements to a 1Hz bandwidth. This avoids
ambiguity and is also very convenient for the
measurement methods described below, where
the output of a receiver is measured with an audio
spectrum analyzer.

2. THE ONE-SIGNAL DYNAMIC RANGE

When you tune to a really strong SSB signal, the
audio output may become severely distorted. This
is not much of a problem for amateur SSB, but it is
important for some data modes and may be es-
sential in other services. The in-channel distortion
caused by receiver overload can be avoided by
use of better AGC circuits, ultimately an AGC-
controlled RF attenuator at the antenna input as
described by Ulrich Rohde in ref. [1]. There is no
limit for how high one can make the one-signal
dynamic range this way, but when AGC is used
the signal/noise (S/N) ratio does not continue to
improve. Since the one-signal dynamic range is
not relevant to the main subject of this article, |




see no reason in going deeper into measurement
procedures.

The one-signal dynamic range is closely related to
blocking, as explained later,

3. THE TWO-SIGNAL DYNAMIC RANGE

This is the most important quality of a VHF re-
ceiver. In principle, the measurement procedure is
very simple: Set the signal level of a first signal
generator to a suitable low level. Monitor the S/N
of this signal with an audio spectrum analyzer at
the audio output. Then increase the level of a sec-
ond signal generator (Pgen) until S/N is degraded
by 3dB. The level of the second generator in rela-
tion to the noise floor power density is the two-
signal dynamic range.

DR; (dBy;) = Peen(dBm) — NPD(dBm/Hz) (3)

(The units of DR; are dB. The abbreviation dBy;
should be read as “dB, referred to a 1Hz band-
width".)

The degradation of the S/N can occur by several
different mechanisms that either reduce the signal
or increase the noise level. These mechanisms
are discussed further at the end of this section, but
the main two are identified here. Reduction of the
signal level is called blocking, and is discussed
below. A noise-free strong signal can cause an
increase in the noise level due to reciprocal mix-
ing between that signal and the noise sidebands
of the receiver's local oscillator. The two signal
dynamic range measurement, as defined here,
does not question which of these two effects is
happening, or what the causes are - it simply
measures the practical total effect upon S/N. That
is all a receiver reviewer needs to measure, be-
cause it shows readers what will happen on the
air. Only the receiver designer needs to measure
blocking and reciprocal mixing separately, be-
cause the ways to improve them lie in different
parts of the receiver.

The two signal dynamic range varies with the fre-
quency offset between the wanted and unwanted
signal, in a way that depends on the receiver ar-
chitecture. When the mechanism is reciprocal mix-
ing, DR; follows the spectrum of the sideband
noise on the local oscillator(s) but when the
mechanism is blocking it depends on which stage
of the receiver is the one that overloads, and how
much effective selectivity there is before that stage
when the mechanism is blocking.

The practical problem with DR; measurement is
that the strong signal generator must not produce
significant sideband noise at the frequency to
which the receiver is tuned. This is where a crystal
filter is needed. On HF bands it is possible to use
the steep edge of a crystal bandpass filter to re-
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move the sideband noise from the strong signal
but on VHF this is not possible; a crystal notch
filter must be used instead (see later). At VHF,
normal crystals do not like the power levels
needed to test good receivers. It is of course pos-
sible to make very low noise crystal oscillators for
this test, but it is not so easy to be sure the test
oscillator really is as good as one thinks.

The definition of DR, above is closely related to
the conventional definition of blocking dynamic
range, BDR [3-8]. The amount of degradation as-
sociated with the DR; value as | have defined it
here is 3dB, rather than 1dB, which is often used
in other definitions. The reason to use 3dB in the
definition is twofold. First, the measurement is
faster. This is important because the whole meas-
urement must be repeated at several frequency
offsets to see the complete picture. When the S/N
degradation mechanism is reciprocal mixing and
one wants to find the level of the strong signal
within 1dB, one has to measure the noise floor
very accurately if one wants to determine the level
of the strong signal within £1dB - as can be seen
from Table 1. The 1dB degradation calls for a
noise level measurement within +0.1dB, which in
narrow bandwidths takes a lot of time to achieve
statistical accuracy. For the 3dB degradation,
+0.25dB is sufficient accuracy for each noise level,
saving a factor of 6 in time.

Added noise signal Signal level
relative to main sig- change (dB)
nal (dB)

-30 0.00

' -20 0.04

-15 0.13

-10 0.41

-9 0.51

-8 0.64

-7 0.79

-6 0.97

-5 1.19

-4 1.46

-3 1.76

-2 212

-1 2.54

0 3.01

+1 3.54




Table 1. Adding a second noise source increases
the noise level like this. For example, if both noise
levels are equal (0dB), the sum is 3.01dB above a
single signal and the sensitivity is about +0.5dB for
a +1dB change of the added noise. If the added
noise is 6dB below the original noise, the sum is
0.97dB above the original noise but the sensitivity
is only about +0.2dB for a +1dB change of the
added signal.

The BDR (blocking dynamic range) values meas-
ured by ARRL lab and published in QST show
when a receiver is blocked, and these BDR values
can be taken to be one-signal dynamic range val-
ues if the measurement is not “noise limited".
(Note that ARRL have their own definition for BDR
through the 'ARRL Standard' BDR Test Conditions
in ref. [2].) For example, the BDR value for the
FT1000D published by ARRL lab is "larger than
154dB"; that refers to a bandwidth of 500Hz, so by
the definitions above the one-signal dynamic
range of the FT1000D is more than 181dB,;.

The second reason for using 3dB degradation
rather than 1dB when measuring DR; is that for a
receiver in which performance is limited by recip-
rocal mixing only, the numerical values become
equal to the oscillator phase noise (dBc/Hz).
Comparing the receiver DR, to the transmitter
sideband noise may also show if there is a further
problem caused by noise modulation in the trans-
mitter amplifier stages (a common problem).

As noted above, the definition of DR, does not
discriminate between the many different mecha-
nisms that may be the reason for loss of S/N for
the desired signal. This list of possible mecha-
nisms is not complete, it just contains phenomena
| have encountered in real life:

1)

Blocking — the sensitivity of a saturated re-
ceiver is degraded.

2) Reciprocal mixing — due to phase noise

from the local oscillator.
3) Amplitude modulation in RF amplifiers or
LO buffer amplifiers.
Phase noise (time jitter) in CMOS switched
mixers.

4)

5) Phase noise in (time jitter) in frequency di-

viders.

6) Noise bursts caused by movement of small

particles inside ceramic capacitors.

The list should also include wideband interference
caused by strong signals. On top of that there are
the discrete spurious responses. At some particu-
lar frequency separations there are false re-
sponses for the strong signal, and such spurs de-
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grade DR; at those frequencies. As well as giving
the wideband performance, preferably as a graph,
the complete DR; performance should include a
list of spurs, but presenting such a list is not as
simple as it first seems. First order spurs like the
mirror image frequency could be tabulated for-
mally as DR, numbers for specific frequencies,
because the DR; value equals the spur suppres-
sion in dB. However, receivers also have higher
order spurs, things like (8°LO-5"RF) which may
appear at very high RF signal levels whenever the
result becomes equal to the IF frequency. Apply-
ing the DR, definition directly is impossible for
these higher order spurs, because the result will
depend on what signal level one has chosen for
the weak signal. One way of describing higher
order spurs is as a list stating: the frequency;
what the level of the spur is for an input signal
close to the wideband DR; level; and the order of
the spur, which tells you by how many dB it de-
creases when the input level is reduced by 1dB.

4. THREE-SIGNAL DYNAMIC RANGE

The measurement is conceptually simple: Set the
signal level of a first signal generator to a suitable
low level. Then increase the levels of a second
and a third signal generator until the level of the
third order intermodulation product equals the
level of the weak signal as measured with an au-
dio spectrum analyzer at the audio output. The
second and third signal generator should have
equal amplitudes and their frequencies have to be
set for the third order intermodulation product to
be within the receiver passband.

When measured this way, the third order inter-
modulation product accurately follows the theoreti-
cal third order law, because the first signal is used
as a pilot tone that makes the measurement unaf-
fected by AGC circuits after the IF filter. If the re-
ceiver uses dual-loop AGC [4], the third order law
will not hold at signal levels high enough to make
the AGC reduce the RF gain.

With Py for the power of the first generator in dBm
and Pg for generators 2 and 3, the third order law
is like this:

3Ps (dBm) = Py, (dBm) + 2k (dBm)
where k is a constant, identified below.

(4)

If the power level of the generator 1 (Py) is set to
equal the NFPD, and the output powers of genera-
tors 2 and 3 (Ps) are increased together until the
third order intermodulation product appears at the
same level as Py, then the third order dynamic
range DR; is simply the difference in dB between
Ps and Py. The formula becomes:

DR; (dBy;) = Ps (dBm) — NPD (dBm/Hz) -

{ P (dBm) — NPD (dBm/Hz)}/3  (5)




The constant k in equation (4) is in fact the third
order intercept point IP3 (dBm). This is the point
where Ps and Py would become equal if the third
order law continued to be valid at such high levels.
It follows that:

IP3 (dBm) = Ps (dBm) + {Ps (dBm) — Py, (dBm)}/2
(6)

As a figure of merit for a receiver, IP3 is meaning-
less unless it is specified together with the associ-
ated noise floor. Just by adding a 10 dB attenu-
ator, one would improve IP3 by 10 dB but the dis-
tance between IP3 and the noise floor would not
improve since the noise floor would be raised by
10 dB also. One can specify IP3 in dB above the
noise floor in 1 Hz like this:

IP3 (dBy.) = Ps (dBm) + {Ps (dBm)- Py, (dBm)}/2
— NPD (dBm/Hz) (7)

The IP3 number that comes out is typically about
10dB larger than the DR; value in the cases where
DR; is determined by blocking. This is relevant to
the designer who wants to separate blocking from
reciprocal mixing. IP3(dBy,) and DR; convey the
same information and for a receiver comparison
one can use either one. They are related by:

DR; (dBy.) = 2/3 * IP3 (dBy.) (8)

In a 500 Hz bandwidth the noise floor is 27dB
higher, which gives:

DR; (500Hz) = DR3 (dBy,) — 18 (9)

The complete intermodulation dynamic range
characteristics of a receiver should also include
information about intermodulation of second order,
and also of fourth and higher orders. Second order
intermodulation can be very important for HF re-
ceivers, where a broadband front-end can allow
second order intermodulation between say two
7MHz signals with the product causing interfer-
ence at 14MHz, but it is normally of little interest
on the VHF bands where we routinely use narrow
filters at the RF frequency. Fourth and higher or-
ders occur only near saturation when lower order
IMD is already very strong, so these are of very
little practical interest.

Note that intermodulation performance is a func-
tion of frequency separation of the two unwanted
signals from the wanted frequency. This is for es-
sentially the same reasons as blocking, namely
the amount of effective selectivity ahead of the
stage(s) that suffer intermodulation. It also means
that a full intermodulation report will be quite an
extensive table.

5. THE MEANING OF IP3

The third order intercept point, IP3, although a
number that is obtained from an extrapolation, has
a real physical meaning and it is well defined. The
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fact that different standardized procedures give
different results may be because not all of these
procedures measure |IP3 correctly. They may be
based on incorrect assumptions or some theoreti-
cal mistake. Another thing is that IP3 and the the-
ory behind it is not applicable on all receivers. The
most obvious case is a DSP radio containing an
A/D converter in the signal path. However, analog
receivers may also have side circuits such as
noise blankers that contain amplifiers that produce
intermodulation at signal levels where the main
signal path is very linear. Such intermodulation
may leak into the main signal path due to inade-
quate screening or buffering, causing irregular
behaviour at low signal levels.

A single stage that causes intermodulation can be
described by a transfer function that is very close
to a straight line for voltages well below saturation.
If the input is denoted X(t), a voltage that varies
with time, the output Y(t+d) can be described with
a power-series expansion in amplitudes only:

Y(t+d) = kiX(t) + ke XOF + kefX(OF + ... (10)

where ki, kg, k3 etc. are constant coefficients; and
d is the time delay between input and output (not
important here).

Such a description is valid if the input signal is
small. At larger signal levels, there will also be a
phase shift because semiconductors contain a
capacitance that varies with the voltage in a non-
linear fashion. Any reasonable analog circuitry
(mixers, amplifiers, iron cores, whatever) will have
ky > ka2 > k3 >... so if the signal levels are really
low, the transfer function is well described by the
first ‘linear’ term only. By making

X(t)=A+{ sin(2#n+f1) + sin(2+rn+f2) } one can easily
find what the output signal Y(t+d) becomes. Third
order intermodulation is due to ki, ks, k7... and kj
alone is responsible for the third order intermodu-
lation at very low levels. Cascading multiple stages
will not change this analysis; the complete cas-
cade of stages will still be characterized by equa-
tion (10), but with a new set of coefficients that
can be computed from the individual stage coeffi-
cients.

IP3, the number we use to express ks of the trans-
fer function, should have an exact relation to DR,
which is another number we may use to express
the same thing. If you find (for example in some
QST reviews) that measured |P3 values do not
have the correct relation to measured DR; values,
this may indicate a measurement mistake or that
the tested receiver has a leakage of intermodula-
tion from some saturated stage that is not part of
the signal chain. The ARRL lab measurements of
TS-690S [9] show an extreme example, in which
the third order intermodulation falls off by only 0.5
dB for an 1 dB reduction of the input level rather



than the expected 3 dB. | have looked carefully at
a TS-450S which was reported in [9] to have the
same behaviour as the TS-690S, but found no
sign of that peculiar behaviour. The serial number
was much higher and maybe the signal leakage
problem had been cured.

IP3 or DR; are both good figures of merit to de-
scribe the analog front-end of a receiver because
they are both related to the fundamental transfer
equation (10). However, A/D converters used in
digital radios are not well described by (10). If mul-
tiple strong signals are allowed to enter the A/D
converter, the relevant figure of merit is the A/D
saturation limit. Below this limit, A/D converters
are typically very linear — they produce practically
no IM3 all the way up to the saturation limit where
they fail completely. A digital receiver will have IP3
and DR; values that look very good, but in real life
they can not be compared to “good old analog”
receivers that will continue to function with input
voltages high above the range indicated by DRa.
For example, an analog receiver that is subjected
to 10 signals at the DR; level will produce IM3 for
all combinations of these signals, but these spuri-
ous responses will be near the noise floor. A digi-
tal receiver will see the 10 signals sometimes add
in amplitude to give a peak level that is 20 dB
higher, so it may become heavily saturated and
useless. At the present state of the art, digital re-
ceivers need roofing filters to limit the number of
signals entering the A/D converter, but inside the
roofing filter bandwidth they remain vulnerable to
saturation effects when the band is crowded with
very strong signals. Test procedures must take
realistic account of this.

A receiver that has a signal leakage at low input
levels is not well characterized by an IP3 number.

There is no point at and below which the third or-
der intermodulation follows a third-order law. IP3
and DR; should be presented only if the meas-
urements show that they are valid figures of merit
and any observed deviations occur at levels low
enough to be insignificant; otherwise the entire
curve of intermodulation versus input signal levels
should be presented as in [9]. An EME operator
looking for signals 20 dB below the SSB band-
width noise floor might find the TS-690S receiver
with the performance reported in [9] completely
useless, while other operators not looking for sig-
nals below the noise floor might find the leakage
insignificant. In real usage on the air, the noise
floor is typically 10 to 20 dB higher than during the
IM3 measurement, due to noise from the antenna
on HF or due to the noise from the tower mounted
preamplifier for in weak-signal VHF/UHF usage.

There is a detailed analysis and some accurate

measurements at http://antennspecialisten.se/
~sm5bsz/dynrange/intermod.htm.  This  Internet
site illustrates the wvalidity and limitations of
IP3 and DR; for characterization of receiver inter-
modulation.

6. PRACTICAL MEASUREMENT OF NOISE
FLOOR

First of all the noise floor has to be established.
Methods that use a signal generator and an RMS
voltmeter and rely on the known bandwidth of the
receiver under test have accuracy problems be-
cause the audio frequency response is often not
very flat — for example, Fig. 1 shows the fre-
quency response of an IC-706MKIIG.

Fig. 1 Frequency response of an IC-706MKIIG.
The passband ripple is in the order of +2dB and
would be invisible at a “normal” y scale.
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A typical (old) procedure would be to use a signal
generator and a RMS voltmeter to locate the 6dB
points which would be found at about 300Hz and
2800 Hz. One would then place the signal genera-
tor at the frequency of maximum and determine at
what signal level the reading of the voltmeter has
increased by 3dB. This is the point where the sig-
nal power equals the noise power, so one would
then say that the noise power in 2500 Hz band-
width equals the power level of the signal genera-
tor. The error in taking the 6dB bandwidth rather
than the true noise bandwidth (equivalent ‘rectan-
gular’ bandwidth giving the same noise power) will
of course depend on the details of the frequency
response. For the IC-706MKIIG in Fig.1 the actual
noise bandwidth is only 1.6 kHz, so the error is 1.9
dB. All uncertainties add together, so by measur-
ing the noise floor properly we can improve the
accuracy of dynamic range measurements by
several dB. Using a RMS voltmeter at the output
may introduce errors if the AGC is not completely
disabled. With a standard multimeter that is not a
true RMS voltmeter other uncertainties are added
as well.

To measure the sensitivity accurately, an audio
spectrum analyzer should be used. These days
such instruments are readily available in the form
of computer programs for a standard PC com-
puter. There are many alternatives but (since |
wrote it myself) | prefer Linrad, which is free Linux
software and can be downloaded from
http://antennspecialisten.se/

~smb5bsz/linuxdsp/linrad.htm

Besides the audio spectrum analyzer, a power
reference is needed. It may be a calibrated noise
source with a known noise temperature, but it may
equally well be a signal generator with a well-
known output level near the noise floor.

If you have a calibrated noise source, use the
setup of Fig. 2.

Fig. 2 Setup for NF measurement on a receiver.

The noise source can be switched between two
known noise temperatures, usually called ‘hot' and
‘cold’. If you have access to an old vacuum tube
(diode) noise source, the hot noise temperature is
known from the anode current by theory. Such
noise sources are typically supplied with a plate
current meter that is calibrated directly in noise
figure and one is supposed to adjust the plate cur-
rent for the noise level in the receiver to increase
by 3dB when the current is switched on. The noise
source may also be a semiconductor diode which
presumably is calibrated so you know what the
‘hot' noise temperature is when you give it the
prescribed current. Without any current the noise
source will have a ‘cold’ noise temperature that
equals the room temperature or a little higher, the
temperature of the resistor inside the noise source
may be a little above room temperature. Noise
figures are specified for a standardized tempera-
ture of 290K. If you make the measurement with
the noise source at a different temperature there
will be an error that you should correct if you look
for an accurate noise figure.

When the current is switched on in the noise
source, there is a side effect besides the in-
creased noise temperature. The impedance will
change slightly. In case the gain of the receiver
under test is very sensitive to the source imped-
ance, the noise floor will change because of the
changed gain also and not only because of the
changed noise temperature of the noise source.
For the purpose of evaluating dynamic range, a
modest accuracy of the NF is sufficient, but for
measurements of low noise figures the accuracy
has to be much higher. Rainer Bertelsmeier,
DJ9BV, has written in detail about these problems
[10]. One typically uses an attenuator to reduce
this effect because it makes the impedance
change smaller, but the noise source should pref-
erably be calibrated with the attenuator perma-
nently in place. With the setup of Fig.2, the pur-
pose of the signal generator and the directional
coupler is to supply a pilot signal with constant
amplitude. By monitoring it on the audio spectrum
analyzer one can compensate for modest changes

Spectrum

analyzer

Noise Directional Receiver
- coupler
source —20dB— under test
Signal
generator
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of the receiver gain that may be caused by AGC
action or source impedance changes. Note that
the losses in cables and in the directional coupler
affect this measurement. These components can
be treated just like attenuators near room tem-
perature. It is not difficult to correct for, but keep-
ing the losses small enough to be neglected is a
better idea. The 20dB directional coupler shown in
Fig. 2 is a good value because it avoids significant
loss of noise power due to coupling into the
branch line, and it also avoids coupling significant
thermal noise from the branch line into the main
line.

The measurement is straightforward. First set the
signal generator so the pilot signal is well visible
on the screen. Monitor the noise floor and make
sure the signal level is low enough to not change
the noise floor by more than a few tenths of a dB.
The only concern here is signal leakage: make
sure the signal really comes through the direc-
tional coupler and that it does not leak into the
receiver some other way. There are four power
levels to measure: the noise floor and the signal
level, each for the ‘hot' and ‘cold' states of the
noise source. Do not change the tuning between
measurements. The only adjustments allowed are
the on/off switch on the noise source and the con-
trols on the spectrum analyzer. The four meas-
urements are:

N¢ = ‘Cold’ noise floor
Ny = 'Hot' noise floor
S = 'Cold' signal level
Sy= 'Hot' signal level

If you use Linrad the signal levels are obtained in
dB from the S-meter. Sy and S¢ should be meas-
ured with a bandwidth that makes the noise negli-
gible. Make it 10 Hz for example. Check by switch-
ing off the signal generator. The reading should go
down by at least 20dB. N should be measured
with as much bandwidth as possible. Note that the
statistical error in a noise power measurement is
proportional to the square root of the measure-
ment time and inversely proportional to the square
root of the bandwidth. Just make sure the signal
generator and any other spur that may be present
is outside the passband selected. The difference
between Sy and Sc is the gain change caused by
switching on the noise source. It does not matter if
the change is due to the AGC or due to an imped-
ance change in the noise source as long as the
gain change is modest.

The change in the noise floor due to the tempera-
ture change (Nper measured in dB) is obtained
from

Nowe = Ni- Ne+ Sc- Sy dB (11)

1R

When converted from dB to a linear power scale,
Npies becomes the Y factor:

Y=10"* antilogm(NmpF) {12)

Because noise power is proportional to noise tem-
perature, we can re-write equations (11) and (12)
in terms of noise temperatures:

Ty = Hot temperature of the noise source
Tep = Cold temperature of the noise source
Rx = Noise temperature of the receiver
Then we get the well-known equations:
Y=(Tu+Tax)/(Tc+ Tax)

Tax = (Tu-Y*Te) /(Y -1) (14)
NF =10 * logqof 1 + Trx/290 ) (15)
This is the good old warm/cold measurement
method for noise figures. The equations suggest
you can use ice water at 273K and the kitchen
stove at 523K to get Npsr = 2.6dB if the noise fig-
ure is 0.5dB. At SSB bandwidth the uncertainty is
large, maybe 0.3dB for Npgr but at higher band-
widths the absolute accuracy may be quite good.
Liquid nitrogen for T improves accuracy dramati-

cally at low NF values, but has extra technical
problems of its own.

(13)

If there is no AGC and the receiver gain is insensi-
tive to the source impedance, Sy and Sc¢ will be
equal and then there is no need for the directional
coupler and the signal generator. Then you just
connect the noise source to the receiver and use
the audio spectrum analyzer as an RMS voltmeter.
This also removes the uncertainty due to the inser-
tion loss of the coupler.

To illustrate the above | made some measure-
ments on an IC-706MKIIG. With a good preampli-
fier connected, the AGC enabled and the RF am-
plifier disabled, the IC-706MKIIG S-meter shows
S0 for the noise floor when the signal generator
and the noise source are off. The signal generator
only lifts the S-meter to S1 and the noise source
lifts the S-meter to S4. Signal and noise source
together also gives a reading of S4.

S N

Generator (in 10Hz BW) | (in 300 Hz

BW)

Signal | Noise

off off 25.8 40.1
off on 28.5 42.8
on off 48.8 39.9
on on 46.3 41.8

Table 2. RMS power levels for the signal fre-
quency and the noise floor with all four possible
combinations of generators on/off.




Table 2 shows the resulting signal levels in Linrad
with the four combinations of on/off for the signal
generator and the noise source.

In a conventional setup without the signal genera-
tor, one would get the Y factor (in dB) as 42.8 —
40.1 = 2.7dB. Using equation (11) above, how-
ever, we get Nppr = 41.8 — 39.9 + 48.8 — 46.3 =
4.4dB. The noise source was a temperature lim-
ited vacuum diode set for “3dB" which means that
it would give a Y factor of 3dB if the noise figure
were 3dB. Ty is then 870 K. On a linear power
scale the Y factors are 1.86 and 2.75 respectively
and with T;=295K, the rx noise temperatures
given by equation (15) become 373 and 34 K re-
spectively. Converted to noise figures the results
become 3.5 and 0.5dB respectively. In this case
the error in NF caused by AGC action in a normal
measurement would have been 3.0dB! With a sig-
nal generator to monitor gain changes, one ob-
tains the correct result even when the AGC is fully
activated. With my noise source (a Magnetic 123)
and the AGC compensation applied, the noise
figure of the barefoot IC-706MKIIG comes out as
4.4dB with the RF amplifier on and 8.7dB with the
RF amplifier off.

The other way of measuring the noise figure is
based on the use of a signal generator with a
known signal level. One just connects the genera-
tor to the receiver under test and evaluates the
audio S/N. It does not matter whether the AGC is
on or off, the audio spectrum analyzer evaluates S
and N in the audio passband and both of them are
equally affected by the AGC. Fig. 3 shows the
Linrad screen when a —130.0dBm signal was sent
into the IC-706MKIIG. The RF amplifier was en-
abled. The Linrad S-meter readings were S=
49.3dB and N=34.8dB. To get a very precise
measurement for S the bandwidth was reduced to

about 10 Hz. Since all the signal energy is still
inside this narrower filter, the signal is completely
unaffected. S/N is very good in 10Hz bandwidth so
a very stable S-meter reading is obtained. Since
the filter used to measure N is the precise rectan-
gular filter of Linrad with 300 Hz bandwidth, these
numbers give S/N 39.3dBHz which means that the
noise floor is at -169.3dBm/Hz. From equation (2)
the noise figure comes out as 4.7dB. With the RF
amplifier off, the noise figure with the signal gen-
erator method is 9.1dB. These results compare
quite closely with those obtained above using the
noise source method. The somewhat higher re-
sults with the signal generator method are mainly
because the passband of the IC-706MKIIG is not
quite flat between 1300 and 1600 Hz. To improve
the accuracy one can calibrate Linrad to make the
noise floor flat within less than 0.1 dB but that
would not help much because it is difficult to gen-
erate a weak signal with a precisely known power
level. For the purpose of reporting the sensitivity of
VHF receivers, especially if the noise figure is
lower than about 4dB, the signal generator
method is beyond the useful limits of its accuracy.
Any authoritative product review should be based
on noise-generator measurements. However, for
the purpose of evaluating the dynamic range of a
receiver an error in the order of 1 dB may be ac-
ceptable and that is within reach with normal sig-
nal generators.

Fig. 3 The baseband spectrum of Linrad when
doing NF measurements with a signal generator.
The input signal is the audio from the same IC-
706MKIIG as used in Fig. 2 when a —130dBm sig-
nal is applied to the input. Straight lines are drawn
between the pixels to make the figure better visi-
ble in printing. The rectangular filter goes from
1300 to 1600 Hz.
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7. CRYSTAL NOTCH FILTERS

Both DR; and DR; measurements are easy if one
has signal generators that are much better than
the receiver under test. The big problem is: how
do we know? Standard signal generators are
surely not good enough for serious work. One has
to build something better — but how do we know it
really works as intended?

Crystal notch filters are the solution. Of course a
crystal bandpass filter could also be used to im-
prove the spectral purity of a signal generator, but
that is practical for DR; measurements only. One
would need one filter for each strong generator for
DR: measurements, and one would then lose the
essential flexibility to measure intermodulation at
several frequency separations. Fig. 4 shows a
basic crystal notch filter.

than using coupling capacitors as shown in Fig. 4
because that allows a larger L/C ratio and some
more bandwidth.

If one wants to measure the dynamic range at
close frequency separations, one does not only
need a deep enough notch, one also needs it nar-
row - preferably 1dB or less attenuation at 5kHz
away from the notch, with 30dB or more attenua-
tion over a 1 kHz bandwidth at the notch center.
This calls for more than one crystal.

Fig. 5 shows the schematic diagram of a practical
notch filter for 14 MHz using three crystals. It is
designed with very small tuning capacitors, to give
the widest possible passband outside of the nar-
row notch.

The coils are wound on big toroids, Amidon T-80-
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Fig. 4 The basic crystal notch filter. The coil and
C3 form a parallel resonator which is selectively
loaded by the crystal. C1 and C2 are equal.
Smaller values for C1 and C2 gives deeper
notches but the passband becomes narrower.

A parallel LC circuit is loaded by a crystal. The
higher the impedance of the LC circuit is when not
loaded by the crystal, the deeper is the notch. The
LC circuit is a band pass filter. To get a high im-
pedance at the same time as large bandwidth, one
should use a large L/C ratio. This means keeping
C3 small, so that the parallel capacitance of the
crystal itself is the dominating capacitance. In
practice it is also advantageous to do the imped-
ance transformation inductively on the coil rather

6. This filter is intended for intermodulation meas-
urements on 14 MHz and ideally the coils should
be iron free. The 50 ohm windings are 13 turns
and the tuned windings of the input and the output
are 32 turns. The impedance that the crystals will
load is thus 300 ohms. The toroids are heavily
loaded by the input and the output, the loaded Q is
low, and that is the reason the filter produces very
low intermodulation despite the iron cores.

Fig. 5 (bottom) A 14 MHz notch filter. C3 and C4
are 20pF trimmers tuned near the minimum ca-
pacitance. C1 and C2 are 60pF trimmers tuned to
about 20pF. The inductors are wound on Amidon
T80-6 toroids.
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Fig. 6 Frequency response of filter in Fig 5 from 5
to 30 MHz. The filter attenuation is 0.3dB from 10
to 20 MHz.

The frequency response of this notch filter is
shown in Figs 6 and 7.

The layout of a notch filter like this is uncritical.
Fig. 8 is a photograph how | made it. Tuning a
filter like this is like tuning a bandpass filter with
three LC resonators... not difficult at all if you have
some kind of instrument to monitor the frequency
response. Without any instruments at all it is pos-
sible to tune the filter for nearly zero attenuation
100kHz away from the notch. It will not be flat from
5 to 20 MHz automatically but it will certainly be
flat enough to do dynamic range measurements.

It is possible to design a 144 MHz filter the same
way. The passband will be narrower and the notch
wider because the parallel capacitance of the crys-
tal gives a smaller L/C ratio and the series imped-
ance at 144 MHz is not very low. The computer
grade 16 MHz crystals | have used have a series
impedance of about 300 ohms on the 9" overtone
at 144.100 to 144.160 MHz. The overtone is not at
the same place for different crystals, but buying 50
or 100 of these low cost devices makes it possible
to get enough at the same frequency. Make sure

that the crystals have a good 9" overtone reso-
nance before buying many (some modern crystals
are much smaller than the can suggests, and
therefore may be useless at 144 MHz).

Fig. 9@ shows a 144 MHz filter using eight crystals.
It is basically the same configuration as shown in
Fig. 5. This 144 MHz notch filter gives a 60dB
deep notch. The frequency response is shown in
Figs 10 and 11. A 16MHz crystal has false reso-
nances above the main 9" overtone resonance.
That gives rise to the spurious notches above the
main notch in Fig. 11, so this kind of filter is not
suitable to measure DR; and DR; with the unde-
sired signals close to and above the desired sig-
nal.

Also a crystal notch filter will produce third order
intermodulation in DR; measurements if the strong
signals are close to the crystal resonance. At
these frequencies the third order intermodulation
products do not obey a third order law, even when
the power level is far below the main signals, and
amplifiers and mixers are behaving correctly. One
has to go to very low power levels indeed to get
true third order behaviour near the notch frequen-
cies, and that is not so easy. To see it one has to
use a very good receiver.

18
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Fig. 7 (top) Frequency response of filter in Fig 5
from 14.100 to 14.200 MHz. The filter attenuation
is less than 0.5dB at 10kHz away from the notch,
which is 50dB deep or more over 1.5 kHz.

oids are glued.

Fig. 8 (bottom)The 14 MHz notch filter built in a
box made from double sided PCB material. The
components are soldered to ground and the tor-




Fig. 9 (top) A notch filter for 144 MHz. There is no
iron, the impedance is stepped up by connecting
the input and the output 1.5 turns from ground on
coils having 4.5 turns.

Fig. 10 (bottom) Frequency response from 100 to
200 MHz of the notch filter shown in Fig. 9.
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Fig. 11 Frequency response from 144.000 to
144.300 MHz of the notch filter shown in Fig. 8.

Fig. 12 shows the level of IM3 coming out from
the 144 MHz notch filter at the notch frequency.
The level of one of the two tones is also plotted for
a 1:1 straight line. The two curves are measured
at frequency separations of 20kHz and 100 kHz
respectively. For this measurement 1W class A
amplifiers followed by circulators were used in
front of the combiner. The IM3 levels of the input
signal to the notch filter are negligible. The notch
filter was followed by an attenuator that was used
to set the input to the RX144 converter well below
the point where intermodulation is produced within
the receive system. (The RX144 converter is the
144 MHz input of my high performance receiver
hardware for Linrad. It is a quadruple frequency
conversion radio with crystal oscillators only. The
last conversion is from 2.5 MHz to DC, where a
Deltad44 soundcard converts wideband audio | and
Q channels to digital form. For details see
http://antennspecialisten.se/~sm5bsz/linuxdsp/optr
x.htm) The bandwidth was set to 3Hz and the
Delta44 was run at maximum gain to achieve good
sensitivity for the intermodulation products. It is
quite clear from Fig. 12 that a crystal notch filter
does not have the behaviour we are used to see in
amplifiers and mixers. The third order behaviour
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which must be obeyed at very low signal levels
stops already when the IM3 product is about
100dB below the level of the signal pair, The third
order behaviour is extrapolated from low levels in
Fig. 12: the third order intercept point for the notch
filter is +31.5dBm for two signals separated by
20kHz, and +49.5dBm for two signals separated
by 100kHz.

With two test signals at +16dBm the notch filter
gives IM3 73dB below the signals so for normal
amplifiers and mixers, IP3 values up to +45dBm
can be measured accurately at 20 kHz separation
at this power level. Without the notch filter the IM3
levels are at —74dBm allowing measurement up to
IP3 values of about +55dBm but if the circulators
are removed the IM3 is at -52dBm. Since the
notch filter is needed anyway for the DR; meas-
urement it may be easier to use it than to make
class A power amplifiers.

In summary, a crystal notch filter is a very practical
piece of test equipment. It allows measurements
to be done with standard laboratory signal genera-
tors which otherwise often are too noisy to allow
evaluation of DR,. Measuring IM3 at the noise
floor is difficult; a notch filter is one of the possible
tools one can use, but the unusual behaviour of
IM3 products must be remembered - especially
when working close to the notch frequency.
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Fig 12 Signal levels at the output of a 144 MHz
crystal notch filter in a two-tone test. Circles are
for 20 kHz frequency separation, triangles for 100
kHz. The third order behaviour from very low lev-
els is extrapolated towards the third order inter-
cept points at +31.5 dBm for 20 kHz separation
and at +49.5 dBm for 100 kHz separation. The
intermodulation is created within the notch fifter.

8. PRACTICAL DETAILS OF DR,
MEASUREMENTS

For a conventional receiver, the level of the weak
signal makes no difference as long as the dynamic
range of the IF and audio sections of the receiver
under test is adequate. It makes no difference at
all if the AGC is enabled or not, if the spectrum
analyzer at the loudspeaker output is being used
to monitor the desired weak signal and the noise
floor simultaneously.

To check the dynamic range of the IF and audio
sections, increase the level of the desired signal
and monitor S/N. At some point S/N will no longer
increase in proportion to the input level. This is the
level where IF or audio noise is no longer small
compared to the noise floor at the antenna input
which has been reduced by AGC action or it is the
level where the signal does not increase any more
because of clipping. If the receiver under test has
a dual loop AGC, the level where an RF attenuator
is inserted will be clearly visible in the plot of S/N
vs input power. DR; measurements have to be
made with the weak signal well below this level.
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The way the two signal generators are combined
is very uncritical for DR;. The power level needed
for the strong signal is below 0dBm and the weak
signal may be somewhere around -130dBm. A
simple resistive network will be fine — connect the
strong generator through a 5 ohm resistor and add
the weak signal through a 500 ohm resistor. A
directional coupler or even a T-connector followed
by a 6dB pad to restore 50 ohms impedance will
be fine.

For the measurement, just select a frequency off-
set and adjust the strong signal for a 3dB loss of
S/N. DR; is given by equation (3) above, where
Pgen is the level of the strong signal at the an-
tenna connector of the test object. If the signal
generator is calibrated, one only has to subtract
the loss due to the cables and the signal-
combining network. If the generator is not cali-
brated (it could be a homemade low noise crystal
oscillator) it is still possible to determine the power
level from the noise figure as described in con-
junction with Fig. 3 above, although one would
then need calibrated attenuators to bring the
power down for the saturation level to somewhere
around —130 dBm. Signal leakage is the critical
point here.

To give an idea about the significance of using a
notch filter, Fig. 13 shows the screen of Linrad
with the spectrum from 144.08 to 144.170 MHz
when a HP8657A generator set to 144.0 MHz is
connected through the notch filter. The data book
says phase noise should be below —136dBc/Hz at
a frequency separation of 20 kHz. The spectrum
shown here shows that the sideband noise is —
140dBc/Hz at a frequency separation of 100 kHz.
State of the art commercial amateur transceivers
are a little better than this, for example the
TM255E tested at the Scandinavian VHF meeting
in Gavelstad had a DR2 of 144.5dB at 100 kHz:
http://antennspecialisten.se/~sm5bsz/dynrange/ga
velstad/gav.htm

9. PRACTICAL DETAILS OF DR3
MEASUREMENTS

Unlike the DR, measurements, which do not really
have any difficulties associated with them, DR;
measurements have all sorts of problems. It is
very easy to come up with incorrect results, par-
ticularly if the measurements are made at low lev-
els of the third order intermodulation products. On
the other hand, measurements well above the
noise floor may easily become incorrect if the S-
meter or an RMS voltmeter at the loudspeaker
output is used.

By measuring DR, with three signal generators as
suggested here, it is possible to measure inter-
modulation correctly at high signal levels
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Fig 13 The Linrad spectrum of an HP8657A signal
generator at 80 to 160 kHz offset. A practical illus-
tration to the usefulness of a crystal notch filter for
DR, measurements.

(but once again, if the unit under test has incorpo-
rated a dual-loop AGC, results will become incor-
rect at levels where RF gain is being reduced).

Problems with intermodulation measurement ac-
curacy lie in the behaviour of the test receiver with
strong intermodulating signals. One cannot trust
the intermodulation to obey the third order law at
high signal levels. For the more realistic situation
with weak intermodulation products, below S6 or
so, which we would typically notice when actually
using the radio, the problems lie in intermodulation
between the signal sources. These problems gen-
erally add some extra signal at the frequency
where the third order intermodulation is expected.
Typically one will therefore get results that under-
estimate the true performance of the tested unit,
but the intermodulation signal could be in anti-
phase and then the error may go in the opposite
direction.

Once a good source of two equally strong signals
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has been arranged (see more about that below),
the rest of the DR; measurement is easy. Use the
block diagram of Fig. 2, and replace the noise
generator with the two-signal source. Set the weak
signal generator (the one injected through the di-
rectional coupler) to a frequency close to the fre-
quency where third order intermodulation is ex-
pected. Set the two high-level generators for equal
levels and then set the weak signal to have the
same level as the intermodulation product as seen
on the spectrum analyzer. It does not matter if
AGC is on or off — one will easily see when the
signals have the same amplitude. It does not even
matter if AF stages become saturated. Even IF
stages may be saturated, provided that the two
interfering signals are outside the IF passband.
When intermodulation is measured this way, the
third order law is confirmed over a much larger
range of input signal levels than one typically ob-
serves with other methods.

Fig. 14 shows the levels of third order intermodu-
lation in an IC-7T06MKIIG at input levels in the
range —56 to —8dBm. As one can see from the
measured data, third order intermodulation shows
accurate third order behaviour up to a point when
it is about 40dB below the two tones. To make this




measurement a nearly perfect two-tone generator
was used. With the aid of the RX144 and Linrad
the source was verified to have IM3 far below the
levels recorded for the IC-706MKIIG. It is of
course essential that the source of the weak signal
is very well screened. Any leakage will cause in-
correct results at low levels of IM3.
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Fig 14 Measured levels of third order intermodula-
tion (circles) for an IC-706MKIIG with RF amplifier
off and with AGC enabled. The result of a third-
order exirapolation (crosses) gives the correct
result (IP3= -8 dBm) up to IM3 levels that are
about 40dB below the main signals.

The following sub-sections identify problem areas
that need attention when combining two high level
signal generators to make a two-tone source for
DR3 measurements.

Signal generator harmonics
First of all the two signal generators that are to be

combined have to be free of harmonics. If for ex-
ample two generators at 144.100 and 144.125 are
used, the third order intermodulation products are
expected at 144.075 and 144.150 MHz respec-
tively. If both generators have some signal at the
second harmonic, difference frequencies 288.250
-144.100 = 144.150 and 288.200 — 144.125 =
144.075 may be generated. The frequencies are
exactly where the third order intermodulation
products will appear. Even worse, these difference
frequencies are second order so they do not fall
off as rapidly as the third order products. There-
fore the second order products related to genera-
tor overtones may dominate at low levels of inter-

modulation. To get an idea of what the conse-
quences are, look at Fig. 15, which is a plot of the
output from a wideband amplifier using BFR91A.
Linrad with RX144 is used as a spectrum ana-
lyzer. The signal level and the levels at the two
IM3 frequencies are measured directly with the
Linrad S-meter. The input signal ranges from —
29dBm to —59dBm. For these measurements the
signal generators were followed by deliberately
saturated amplifiers that produced second har-
monics about 25dB below the main signals. At
such a high harmonic content into a wideband
amplifier, it is not surprising that the deviations
from normal third order behaviour is rather large.
For a comparison, Fig. 15 also shows data meas-
ured with a bandpass filter for 144 MHz inserted in
the same setup to reduce the harmonics to about
—75dBc.

Oul'f‘ )
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Fig 15. IM3 measurements on a BFR91A wide-
band amplifier The upper (circles) and the lower
(boxes) intermodulation frequency signal level with
and without a filter that removes the second har-
monics from the test signal. Note that presence of
harmonics causes a second order behaviour at
low levels.

The wideband amplifier used to produce Fig. 15
has IP3 at about —4 dBm. It must be measured
with input signals above —38 dBm when the har-
monics are at —25dBc. The third order intermodu-
lation products are then at about —107 dBm which
is about 40 dB above the noise in 2 kHz band-



width. Trying to measure the third order inter-
modulation free dynamic range at the noise floor
would give incorrect results.

Second harmonics of the test signals will often be
suppressed by the input filters of the test receiver,
but it is still a good idea to make sure the test sig-
nals are not polluted with harmonics, particularly if
external amplifiers are used to raise the power
level. More power makes it easier to combine two
signals without intermodulation, but simple satu-
rated amplifiers need lowpass or bandpass filters
at the output. If the144 MHz notch filter described
above is being used to remove noise sidebands, it
also provides very good harmonic suppression at
288MHz and above.

Mutual intermodulation between generators
The two strong signals required for a DR; meas-

urement are usually obtained by the arrangement
shown in Fig.16.

ceiver is connected directly to the hybrid, even a
perfect hybrid will degrade the isolation between
the generators to only 12dB. For each dB of at-
tenuation in front of the receiver under test, the
isolation will improve by 2dB until the isolation
reaches 25dB or so. The hybrid simply works as a
VSWR bridge and it measures the reflected wave
from the receiver under test. 50% of the power
from generator A goes to the dummy load, 50%
goes to the test port, comes back as a reflected
wave and is then split equally into generator A and
B that receive 25% each. Therefore the reflected
wave minus 6dB is all the isolation one can get.
For a given level of the test signal into the receiver
it does not matter if attenuation is made in front of
the hybrid or after the hybrid, as long as the isola-
tion provided by the hybrid is far from the limit.

When the output attenuator is set high enough,
small impedance errors may cause large changes
of the near zero coupling between the generators.

ol A
Signal Step
generator Attenuator —1

B E
Signal Step
generator Atteruator

b
Step Receiuver
Attenuator under test
58 ohm
dummy load

Fig 16 Two signal generators are combined and
isolated from each other with a hybrid combiner.
See ftext.

A suitable hybrid combiner can be made from co-
axial cable, Avoid ferrite transformers — they may
produce intermodulation. An iron-free hybrid com-
biner with built-in dummy load can also be made
with coils, capacitors and a resistor. The hybrid will
isolate the inputs from each other by something
like 30 or 40dB if both outputs are terminated in 50
ohms. Note that the receiver under test is actually
not likely to have an input impedance of 50 ohms
— although it is designed for good noise figure and
intermodulation characteristics when the source
impedance is 50 ohms, this does not imply that the
input impedance is 50 ohms. The input impedance
of the IC-706MKIIG that | use as a reference for a
typical modern rig has an input impedance at
145MHz of 55 ohms and 18pF. The input VSWR
is 3.0 and the return loss is -6dB. If such a re-
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By fine-tuning the impedance of the dummy load it
is possible to cancel the coupling completely, but
only from A to B or vice versa. The reason is that
balancing is frequency dependent, but if the two
generators are very close spaced balancing is a
way of removing mutual intermodulation in the
generators at high signal levels.

With good generators such as the HP8B57A,
worst case intermodulation levels for the configu-
ration of Fig. 16 are shown in Fig. 17. The figure
shows measured intermodulation levels at differ-
ent power levels into the test object which is the
same impedance as the IC-706MKIIG. The at-
tenuator X is set to 3dB and the attenuators A and
B are the attenuators built into the generators. To
make accurate measurements of low intermodula-
tion levels a directional coupler is inserted be-
tween generator A and the hybrid for the data in
Fig. 17.
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Fig. 17 The intermodulation produced in a

HP8657A when used for a two-tone test. The dis-
continuity between —10 and —11dBm is between —
3dBm and —4dBm power output from the signal
generators. It is due to the internal architecture of
the HP8657A generator.

To generate an IMD product at the noise floor in
SSB bandwidth, the IM3 product will need to be at
about —130dBm if a noise figure of about 10dB is
assumed. This calls for IM3 levels from the gen-
erator of less than —140dBm. Extrapolating from
Fig. 17, one finds that the maximum signal level
one may use is then about —30dBm. This means
that a pair of HP8657A generators can be used for
IM3 measurements at the noise floor up to a third
order intercept point of about +20dBm. An old
vacuum tube free-running oscillator, the HP608D
produces 12dB more intermodulation than the
HPB657A if it is properly calibrated. However, by
turning the output level control to maximum one
can get +13dBm output power rather than the
+4dBm that is the maximum when the control is
“properly” set. This means that 9dB more attenua-
tion can be used and then the HP608D becomes
better than the HP8657A, with IM3 about 7dB
lower.

It is a good idea to check what really comes out
from the signal generators, by use of a directional
coupler. If you do not have a good enough spec-
trum analyzer (RX144 + Linrad) you can use the
receiver that will later become the test object. The
signal extracted from a directional coupler will
have the signal from the other generator sup-
pressed by something like 20dB but the IM3 prod-
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uct will be present on the opposite side in fre-
quency and its level below the generator signal is
the same as will be presented to the test object in
the real test. In this case the test object will pro-
duce at least 20dB less IM3 since it is not loaded
by equal signal levels at the two frequencies due
to the directional coupler. With a second direc-
tional coupler and a third generator one can
measure the levels of signal and IM3 and make
sure that the IM3 produced by the generator is
well below the IM3 produced by the test object. Do
not forget to allow the hybrid to see the same im-
pedance as it will see later when the test object is
connected to it. An open 3dB pad will correspond
to VBWR=3 and may be used in the test port of
the hybrid. Leave this 3dB pad in place and con-
nect the test object after it to ensure the generator
intermodulation will be smaller than the value you
have checked.

It has been suggested that one can distribute the
attenuation differently between attenuators in front
of and after the hybrid to find out if there is a prob-
lem with IM3 produced in the generators. The idea
is that the isolation provided by the hybrid will be
constant and that therefore the attenuators in front
of the hybrid will affect the intermodulation pro-
duced in the generators while the attenuator after
the hybrid will not. This might be the case some-
times, but it will certainly not be true for a test ob-
ject with an unmatched input, such as almost any
low-noise VHF receiver.

To illustrate the effect of generator intermodula-
tion, | have measured the IM3 levels of the IC-
706MKIIG with two HPB8657A generators set to
+10dBm connected directly to the hybrid. The test
port of the hybrid is connected to a step attenuator
and also loaded by 18pF to make the hybrid see
VSWR=3. The step attenuator is used to set the
level of the test signal pair. The maximum avail-
able power level is +4dBm. Fig. 18 shows the re-
sult. As expected, the intermodulation shows first
order behaviour at low signal levels where the in-
termodulation produced in the generators domi-
nates.

This measurement is intended to show a way of
making an incorrect measurement, and what the
result might look like. Fig. 18 is an extreme case
of poor measurement engineering, where only the
output attenuator is used to set the signal level.
Obviously the mismatch at the hybrid output will
be much smaller in a real measurement; the 18pF
capacitance provokes a really bad VSWR. It is
convenient to set the level of both generators si-
multaneously on the output attenuator X in Fig. 16;
but as soon as one reaches the point where isola-
tion does not improve by the full return loss im-
provement
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Fig 18 Measured level of third order intermodula-
tion, (circles), for an IC-706MKIIG with RF ampli-
fier off and with AGC enabled. This is the same
measurement as in Fig.14 but with poor isolation
between generators. The formula for evaluating
IP3, result (crosses) gives the correct result (IP3 =
—-8dBm) in a narrow range only. At low levels the
intermodulation in the generators dominates and
at high levels the receiver under test does not
have third order behaviour.

(typically at an attenuation in the order of 10dB or
less), it is much better to use the attenuators at
the generator side.

If measurements are done without the aid of an
audio spectrum analyzer, all sorts of further errors
are possible. If modern (synthesized) generators
are used, they are likely to have spurs every
10kHz and/or every 100 kHz. Fig. 19 shows the
waterfall graph recorded from two HP8657A gen-
erators delivering —15dBm into the RX144. The
lower part of the image shows IM3 only, but the
upper part of the image shows all the noise and
spurs that became visible without the notch filter
which was used for the lower half. The loss of the
filter was compensated for, so the level of the two
strong signals was the same in both cases. Note
the strong spurs 100 and 200 Hz below the inter-
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modulation product. The generators, 100 kHz
separated in frequency were offset by 100 and
200 Hz to move the spurs away from the IM3 fre-
quency. One has to check for these spurs by run-
ning one generator only, because each strong
spur belongs to one generator only. The notch
filter removes spurs and lowers the noise floor so
it makes IM3 stand out clearly even at low IM3
levels. Note that IP3 is not exceptional for the
RX144,; it is only about +25dBm, a level that is not
difficult to reach taking the system noise figure of
about 16dB into account. A narrowband receiver is
easily much better than this; measuring IP3 near
the noise floor may be really difficult on top per-
formance receivers. If a third generator is not
used, measuring IM3 well above the noise floor
may be really difficult too.

When class A power amplifiers are used to allow
measurement at the noise floor of very good re-
ceivers, one has to be extra careful with screen-
ing. Doubly shielded coaxial cables and good con-
nectors are needed to make sure there is no leak-
age causing intermodulation in the amplifiers. One
also has to make sure connectors are clean and of
good quality, because intermodulation may be
produced in poor connections, switches of stepped
attenuators and elsewhere.

10. HOW MUCH DR DO WE NEED?

Based on surveys of actual signal levels at 7MHz,
Peter Chadwick, G3RZP [11] arrived at the con-
clusion that PNDR (Phase Noise Limited Dynamic
Range) should be at least 100dB and that ILDR
(Intermodulation-limited dynamic range) should be
at least 96dB.

Fig. 19 (bottom) Two HP8657A generators at
143.9498 and 144.0499 produce IM3 at 144.1500
MHz (there is a calibration error of 430Hz). The
lower half of this waterfall graph is with the com-
posite test signal through a notch filter. Only IM3 is
visible. The upper half is without notch filter: spurs
and sideband noise are not much below the IM3
product at —82dBc. The HP8657A generators are
not suitable to measure IM3 lower than about —
70dBc without a spectrum analyzer and not lower
than about —90dBc without a notch filter.
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These numbers refer to an SSB bandwidth, and in
the terminology | have used in this article it means
DR; should be at least 133dBy, and DR; should be
at least 129dB..

On the VHF bands, the basic principles remain
exactly the same but the numbers are different.
The needs will also vary much more at different
locations. There are two kinds of problems: out-of-
band interference and in-band interference. The
out-of-band interference is typically at a large fre-
quency separation, mainly FM and TV broadcast
stations with very high ERP powers. This is a
problem for a preamplifier and filters associated
with it. In-band interference from our fellow ama-
teurs can not easily be taken care of with filters, so
here we need a good radio with high dynamic
range.

On 144 MHz amateurs typically produce power
levels of 3kW ERP with 100W RF into a 13dBd
antenna, but ERPs of 100kW are also not un-
common — 1kW into 4 modest yagis with 18dBd
array gain. The received powers at some different
distances are given in Table 3 under the assump-
tion of free space propagation.

Distance | Tx Rx Ant = Rx Ant =
(km) ERP 13dBd 18dBd
(kW) (dBm) (dBm)
1 3 +24 +74 |
1 100 +17.4 +224 |
10 3 -17.6 -12.6
10 100 -2.6 +2.4

Table 3 Received power levels with antennas
pointing into each other on 144 MHz, at two differ-
ent distances (assuming free space propagation).

In reality we do not have free space conditions.
Reflections from ground change the signal level in
an unpredictable way because the ground is typi-
cally not flat at all. Nevertheless Table 3 indicates
that a rig capable of dealing with —20dBm power
from neighbouring amateurs would be useful at
some locations. This translates to a DR, of
154dBHz, which is possible but nothing one can
expect from standard transceivers today. Table 3
also shows that for two EME-grade stations at a
distance of 1km to work undisturbed with anten-
nas pointing into each other, they would need a
DR; of about 200dB! That is impossible today and
will most probably remain impossible.

Worst case in-band interference at VHF is typically
dominated by a single signal. It happens when you
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have your main lobe pointing towards the nearest
neighbour while he is pointing in your direction.
Contrary to the situation on the HF bands, the DR,
requirements on VHF may therefore be far more
stringent than the DR; requirements.

When testing receivers, one has to collect and
present a large amount of data. It is relevant to
measure DR, at several frequency separations,
and a reasonable choice is 5, 20, 100 and
500kHz. It would probably be enough to measure
DR; at 5, 20 and 100 kHz separation, but still the
amount of data is much larger than what is com-
monly published in product testing.

On the other hand, there is no reason to measure
everything with and without preamplifier because
the influence of a preamplifier should be easy to
see — a preamp lowers IP3 by the amount of gain
it has; and it reduces DR, by an amount given by
the preamp gain minus the improvement in the
noise figure. DR, should be affected only if it is
limited by blocking, something that is uncommon
in modern receivers. Within the limitations of
available page space for reviews, it would be a
good idea to focus product testing on the perform-
ance without the preamplifier, and simply specify
the gain and noise figure improvement obtainable
by switching in the preamplifier. Additional meas-
urements can always be posted on the web (which
is already ARRL's practice).

At VHF/UHF, an analysis of gain and dynamic
range performance will show that it is always bet-
ter to use a mast-mounted preamplifier, and to
operate the main receiver with its built-in preampli-
fier switched off. A serious VHF/UHF weak signal
enthusiast will always do this, so this is another
reason for equipment reviews to focus mainly on
the VHF/UHF performance data obtainable without
the preamplifier. The noise from that preamplifier
(including amplified antenna noise) should be the
dominating contribution to the noise floor of the
entire system. As a consequence signal levels are
raised by something like 15 dB, and this is another
reason why dynamic range requirements are
much harder to meet at VHF/UHF, compared to
HF bands where usually no preamplifier is
needed.
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Der Dynamikbereich eines Empfangers charakterisiert des-
sen Fahigkeit, ein leises Nutzsignal bei Vorhandensein eines
starken zweiten Signals zu empfangen. Die grundsatzlichen
Zusammenhange sind einfach zu verstehen, jedoch basieren
verdffentliche Messwerte oft auf falschen Annahmen. Diese
falschen MeRdaten lassen einen Vergleich von Empfangem
nicht zu. Bei Verwendung eines Mefverfahrens, welches die
kriischen Fehlerquellen meidet, erhdlt man vergleichbare,
sauber definierte Daten.

Dieser Artikel bezieht sich hauptsachlich auf VHF-Empfanger,
die meisten Feststellungen sind jedoch generell gilltig.

1. Einfiihrung
Ublicherweise wird der Dynamikbereich eines Emfangers

durch Angabe des Interceptpunktes dritter Ordnung IP3 und
des blockingfreien Dynamikbereichs BDR angegeben. Es
existieren bei Empfangern viele verschiedene Uberlasteffekte
und jeder definiert einen eigenen Dynamikbereich; die Reak-
tion auf IMD dritter Ordnung und Blocking (Zustopfen) stellen
eine gute Beschreibung des GroRsignalverhaltens dar.

Der BDR wird sehr unterschiedlich definiert und gemessen.
Auch wenn die Definition des IP3 eindeutig ist, wird er mit
unterschiedlichen MeRmethoden erfafit, einige davon erge-
ben alles, nur nicht den wahren IP3,

Wir beginnen mit diesen fundamentalen Definitionen:

Noise floor power density (NPD) ->Rauschflur.
Empfangerrauschleistung in 1 Hz Bandbreite (W/Hz oder
dBm/Hz), bezogen auf den Eingang. Sie stellt die untere
Schwelle aller weiter unten definierten Dynamikbereiche dar.

Im Betrieb ist der Rauschfiur eine Eigenschaft des gesamten
Empfangssystems, weil neben der Rauschtemperatur des
Empfangers noch die des Antennensystems zum ftragen
kommt:

NPD = k(TRx + ThNT] W/Hz (1)

Zur Messung des Dynamikbereichs ist der Eingang des Emp-
fangers immer wellenwiderstandsrichtig abgeschlossen ( z.B.
mit dem Dampfungssteller eines MeRsenders). Es entsteht
auch hier eine Rauschleistung. Bei Annahme von Zimmer-
temperatur (290K) ergibt sich:

NPD =-174 + NFpx  dBm/Hz (2)

Wobei NFgx die Empfangerrauschzahl in dB ist. Gleichung
(2) ist eine Art, die Rauschzahl zu definieren.

One-signal dynamic range -> Eintondynamikbe-
reich. Der maximale Pegel eines unverzerrt wiedergegebe-
nen Signals im Durchlafibereich des Rx, gemessen in dB
iber dem Rauschflur.

Two-signal dynamic range -> Zweitondynamik-
bereich. Der maximale Pegel eines unerwlinschten Signals,
welches das Signal/Rauschverhaltnis eines sehr leisen Sig-
nals im DurchlaBbereich um nicht mehr als 3dB verschlech-
tert. Gemessen in dB tber Rauschflur. Der Zweitondynamik-
bereich ist abhangig vom Frequenzabstand beider Signale.

Three signal dynamic range -> Dreitondynamik-
bereich. Der maximale Pegel zweier gleichstarker uner-
wiinschter Signale, die keine IM-Produkie oberhalb des
Rauschflurs erzeugen. Gemessen in dB iiber Rauschfiur.

Ublicherweise werden Dynamikbereiche bei verschiedenen
Bandbreiten gemessen. Verschiedene Tester verwenden
CW- oder SSB-Bandbreite, einige rechnen |hre Werte auf
eine standardisierte 500Hz oder 2,5 kHz Bandbreite um.
Wenn man den Dynamikbereich auf den Rauschflur (dBm/Hz
statt auf dBm) bezieht, normalisiert man alle Messungen auf
1 Hz. So werden Mehrdeutigkeiten vermieden und es paft zu
den weiter unten beschriebenen Messungen mit einem Au-
diospektrumanalysator.

2. Der Eintondynamikbereich

Wenn man einen Empfanger auf ein sehr starkes SSB-Signal
abstimmt, kann die NF erheblich verzerren. Fir Amateurfunk
ist dies meist kein Problem, jedoch sehr wohl fiir Dateniiber-
tragung und im kommerziellen Betrieb. Diese durch Uber-
steuerung hervorgerufenen Verzerrungen kénnen durch ein
besseres AGC-System, am besten durch ein AGC-
gesteuertes Dampfungsglied in der Antennenzuleitung, wie
von Ulrich Rhode in [1] beschrieben, vermieden werden. Es
gibt kein oberes Limit fir den Eintondynamikbereich, eine
AGC verhindert jedoch ein proportionales Anwachsen des
Signal/Rauschverhaltnisses. Weil fir uns nicht relevant, ver-
zichte ich auf die Beschreibung von MeRverfahren.




Der Eintondynamikbereich ist eng verknipft mit dem Blo-
cking, wie spater zu sehen sein wird.

3. Der Zweitondynamikbereich

Die ist die wichtigste Eigenschaft eines VHF-Empfangers.
Prinzipiell ist die Messung sehr einfach: Man erzeuge ein
leises Signal mit einem MeRsender und beobachte das Sig-
nal/Rauschverhaltnis am Rx-Ausgang mit einem Audiospekt-
rumanalysator. Man erzeuge ein zweites Signal auBerhalb
des Empfangskanals und erhohe den Pegel, bis sich das S/N
um 3dB verschlechtert. Der Pegel des zweiten Signals bezo-
gen auf den Rauschfiur ist der Zweitondynamikbereich.

DR; (dBy.) = Peen(dBm) — NPD(dBm/Hz) (3)

(Die Einheit von DR; ist dB. Die Abkiirzung dBy; sollte als
“dB, bezogen auf 1Hz Bandbreite” verstanden werden.)

Die Verschlechterung des S/N kann verschiedene Ursachen
haben, die entweder das Signal reduzieren oder den
Rauschpegel erhohen. Die Reduzierung des Signals nennt
man Blocking, dies wird spéter erlautert. Ein rauschfreies
starkes Signal kann den Rauschpegel durch reziprokes
Mischen mit den Rauschseitenbandern des Rx-Oszillators
erhchen. Die hier beschriebene Mefimethode beriicksichtigt
nicht, welcher Effekt die Ursache ist, es wird nur die Ver-
schlechterung des SIN erfalit. Ausschliefilich das Empfangs-
verhalten ist interessant. Der Entwickler muft beide Effekte
getrennt erfassen, um verschiedene Stufen seines Empfan-
gers optimieren zu kdnnen.

Der Zweitondynamikbereich verandert sich mit dem Fre-
quenzabstand beider Signale in Abhangigkeit der Konstrukti-
on des Empfangers. Wenn reziprokes Mischen vorliegt, folgt
DR: dem Seitenbandrauschspekirum des (der) Empfanger-
oszillators(en). Wenn Blocking vorliegt entscheidet, welche
Stufe lbersteuert wird und wieviel Selektion in welcher Stufe
vorhanden ist.

Ein Problem bei der DRzMessung ist, dalt der das uner-
wiinschte Signal erzeugende Generator keine signifikantes
Rauschen auf der Empfangerfrequenz produzieren darf. Hier
bendtigt man Quarzfilter. Auf KW kann man die steile Flanke
eines Quarzbandpalifilters verwenden um das Seitenband-
rauschen zu minimieren, bei VHF geht das nicht mehr. Hier
wird ein Quarznotchfilter bendtigt (siehe weiter unten). Bei
VHF mogen Quarze die zur Messung guter Empfanger bend-
tigten Leistungen nicht sehr. Man kann versuchen, Lownoise-
Quarzoszillatoren zu bauen, die ereichte Qualitat des Sig-
nals ist jedoch schwer zu bestimmen.

Die Definition des DR ist eng mit dem blockfreien Dynamik-
bereich BOR [3-8] verkniipft. Ich habe hier die Verschlechte-
rung des S/N zu 3dB festgelegt, anderswo ist haufig 1 dB zu
finden. Hierfiir gibt es zwei Griinde. Einerseits ist die Mes-
sung einfacher. Dies ist wichtig, weil bei verschiedenen Fre-
quenzabstanden gemessen werden muB, um ein vollstandi-
ges Bild zu erhalten. Bei reziprokem Mischen muR man den
Rauschflur sehr sorgféltig ermitteln, wenn man den Pegel des
unerwinschten Signals auf +1dB bestimmen will, siehe Ta-
belle 1. Die 1 dB-Verschlechterung erfordert eine Rausch-
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messung mit maximal +0.1dB Fehler, fir 3dB Verschlechte-
rung reicht +0.25dB. Man spart Faktor 6 an Zeit.

Added noise signal Signal level
relative to main sig- change (dB)
| nal (dB)

-30 0.00

-20 0.04

-15 0.13

-10 0.41

-9 0.51

-8 0.64

-7 0.79

-6 0.97

-5 1.19

-4 1.46

-3 1.76

-2 2.12

-1 2.54

0 3.01

+1 3.54

Tabelle 1. Die Addition einer zweiten Rauschquelle erhdht
den Rauschpege!l wie oben. Z.B., wenn beide Rauschleistun-
gen gleich sind (0dB), ist die Summe 3.01dB lber dem Ein-
zelsignal und die Empfindlichkeit ist etwa +0.5dB fir +1dB
Anderung der addierten Rauschleistung. Wenn die addierte
Rauschleistung 6dB unter dem Ursprungsrauschen ist, ist die
Summe 0.97dB (iber dem Ursprungsrauschen aber die Emp-
findlichkeit ist nur +0.2dB fiir eine +1dB Anderung des ad-
dierten Signales.

Die von der ARRL gemessenen und in der QST propagierten
BDR-Werte (blocking dynamic range) zeigen, wann ein Rx
zustopft. Diese BDR-Werte kdnnen als Eintondynamikbereich
genommen werden, wenn die Messung nicht durch Seiten-
bandrauschen limitiert ist (Man beachte, daf im ,ARRL Stan-
dard” eine BDR Testmethode [2] festgelegt wurde). Zum
Beispiel wurde fir den FT1000D ein BOR > 154 dB, bezogen
auf 500 Hz Bandbreite angegeben. Nach meiner Definition ist
der Eintondynamikbereich somit > 181dBs..

Der zweite Grund , 3dB S/N-Verschlechterung anstatt 1dB
zur Messung von DR: zu verwenden liegt darin, dalt bei einer
nur durch reziprokes Mischen begrenzten Messung die nu-
merischen Werte gleich dem Phasenrauschen des Oszillators
werden (dBc/Hz). Ein Vergleich des DR, mit dem Seitenband-
rauschen des Senders (eines Transceivers) kann ein weite-
res Problem, verursacht durch Rauschmodulation in einer
Senderstufe (haufiges Problem) aufdecken.



Wie bereits bemerkt unterscheidet die Definition des DR;
nicht zwischen den vielen moglichen Ursachen der S/N-
Verschlechterung. Die nachfolgende Liste ist nicht komplett,
enthalt aber die meisten von mir becbachteten Phanomene:;

1. Blocking — die Empfindlichkeit eines Rx in der Satti-

gung geht zurlick.

2. Reziprokes Mischen — aus dem Phasenrauschen
des Empfangeroszillators.

3. Amplitudenmodulation in HF-Stufen oder Oszillator-
trennverstarkern.

4. Phasenrauschen (litter) in Mischern aus CMos-
Gattern,

5. Phasenrauschen (Jitter) in Frequenzteilerstufen,

6. Rauschbursts hervorgerufen durch Bewegung

kleinster Partikel in keramischen Kondensatoren.

Die Liste sollte auch durch starke Signale verursachte Breit-
bandstorungen enthalten. Vorwiegend sind dies Nebenemp-
fangsstellen. Bei bestimmten Frequenzabstanden ver-
schlechtert sich DRz hierdurch. Eine volistandige Beschrei-
bung des DR: sollte die Breitbandeigenschaften am besten
als Graphen sowie eine Auflistung der Nebenempfangsstellen
enthalten. Dies ist jedoch nicht so einfach. Einfache, wie die
Spiegelfrequenz konnten tabellarisch dargestellt werden, weil
DR; der Unterdriickung der entsprechenden Nebenemp-
fangsstelle entspricht. Leider haben Empfanger auch Neben-
empfangsstellen hoherer Ordnung wie (8°LO-5°RF), die nur
bei sehr hohen HF-Pegeln auftreten wann immer das Ergeb-
nis der ZF-Frequenz entspricht. Hier ist die DR. -Definition
nicht direkt anwendbar, weil das Ergebnis vom Pegel des
Nutzsignals abhangt. Folgende Beschreibung als Liste ist
maglich: die Frequenz; der Pegel der Nebenempfangsstelle
fur ein Eingangssignal in Hohe des Breitband-DR: -Pegels;
die Ordnung der Nebenempfangsstelle, welche beschreibt,
wie viel dB das Signal abnimmt, wenn der Eingangspegel um
1dB reduziert wird.

4. Dreitondynamikbereich

Die Messung ist grundsatzlich einfach: Ein leises Nutzsignal
wird eingespeist. Zwei weitere Signale, deren Intermodulati-
onsprodukte dritter Ordnung in den Empfangsbereich fallen,
einspeisen und deren Pegel erhdhen, bis das IM-Produkt so
stark wie das Nutzsignal mit einem Audiospektrumanalysator
ZU messen ist.

Mit dieser Methode folgt das IM-Produkt exakt der Theorie,
weil das Nutzsignal quasi als Pilotton die Messung unabhan-
gig von den nach dem ZF-Filter wirksamen AGC-Stufen
macht. Hat der Rx eine doppelte AGC-Schieife [4], stimmt
diese Annahme nicht mehr, wenn das Nutzsignal reicht, um
durch AGC die HF-Verstarkung zu reduzieren.

Mit Py als Leistung des Nutzsignals in dBm und Ps fir Signal
2 und 3, wird die GesetzmaRigkeit dritter Ordnung zu:

3P (dBm) = Py (dBm) + 2k (dBm) (4)
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wobei k eine Konstante ist, sishe weiter unten.

Wenn der Pegel des Nutzsignals (Pw) gleich dem Rauschflur
ist und der Pegel der beiden unerwinschten Signale (Ps)
erhoht werden, bis das IM-Produkt gleich Pw wird, ist der
Dreitondynamikbereich gleich der Differenz von Ps and Py in
dB. Die Gleichung wird:

DR; (dBy;) = Ps (dBm) — NPD (dBm/Hz)
- { Py (dBm)— NPD (dBm/Hz)}/3  (5)

Die Konstante k in Gleichung (4) ist der Interceptpunkt dritter
Ordnung IP3 (dBm). Es ist der Punkt, an dem Nutzsignal und
Intermodulationsprodukt gleich werden (fiktiv und nicht direkt
mefbar).

IP3 (dBm) = Ps (dBm) + {Ps (dBm) — Py (dBm)}/2
(6)

Als Qualitatsmerkmal eines Empfangers ist die Angabe des
IP3 ohne zusatzliche Angabe des Rauschflurs bedeutungs-
los. Durch Einfigen eines 10 dB Dampfungsgliedes erhoht
man den IP3 um 10 dB, der Abstand zum Rauschflur bleibt
jedoch gleich. Man kann den IP3 als Abstand zum Rauschfiur
(in 1Hz) in dB wie folgt beschreiben:

IP3 (dBy,) = Ps (dBm) + {Ps (dBm)
— Py (dBm)}/2 — NPD (dBm/Hz) (7)

Typische Werte fiir IP3 sind ca. 10 dB grofer als DR , wenn
DR: durch Blocking bestimmt wird. Dies ist fiir den Entwickler
relevant, um Blocking und reziprokes Mischen zu unterschei-
den. IP3(dBw:) and DR; enthalten dieselbe Information und
kénnen beide fir Empfangervergleiche herangezogen wer-
den. Ihre Beziehung ist:

DR; (dBy;) = 2/3 * IP3 (dBy;) 8

In 500 Hz Bandbreite ist der Rauschflur 27dB héher, daraus
folgt:

DR; (500Hz) = DR; (dByy) — 18 (9)

Die Intermodulationscharakteristik eines Empfangers solite
auch Informationen dber IM zweiter, vierter und hoherer Ord-
nung enthalten. Intermodulation zweiter Ordnung kann fiir
KW-Empfanger wichtig sein, wenn in breitbandigen Ein-
gangsstufen vielleicht zwei 7 MHz-Signale Mischprodukte auf
14 MHz erzeugen. Selektive VHF-Empfénger sind davon
kaum betroffen. IM héherer Ordnung tritt erst bei Signalpe-
geln nahe der Sattigung auf, wenn bereits sehr kraftige IM-
Produkte niederer Ordnung vorhanden sind. Sie sind eher
theoretischer Natur.

Man beachte, dal die Intermodulationsprodukte vom Fre-
quenzabstand der beiden unerwiinschten Signale zum Nutz-
signal abhangig sind. Grund ist wie beim Zustopfen der Grad
der Selektion vor den von IM betroffenen Stufen. Dies bedeu-
tet ebenfalls, dal eine volistandige Beschreibung des Inter-
modulationsverhaltens eine umfangreiche Dokumentation
wird.




5. Die Bedeutung des IP3
Der Interceptpunkt dritter Ordnung IP3 hat, obwohl nur rech-

nerisch ermittelbar, eine physikalische Bedeutung und ist
sauber definiert. Die Tatsache, dak verschiedene standardi-
sierte MeRverfahren unterschiedliche Werte ergeben, mag
darin begriindet sein, daB sie von falschen Annahmen aus-
gehen oder theoretische Fehler enthalten. Zum anderen kann
die IP3-Betrachtung nicht auf alle Empfangerklassen ange-
wandt werden. Dies trifft besonders auf DSP-Empfanger mit
AID-Wandler im Empfangspfad zu. In analogen Empfangern
mit Noiseblanker kénnen im Blankerpfad Intermodulationen
entstehen, die durch ungeniigende Abschirmung oder Puffe-
rung in den Empfangspfad gelangen und schon bei kleinen
Pegeln eigenartiges Verhalten erzeugen kdnnen, obwohl der
Empfangspfad hochwertig ist.

Eine Einzelstufe, die Intermodulationen erzeugt, kann durch
eine Ubertragungsfunktion beschrieben werden, die fiir
Spannungen weit unterhalb der Sattiqung einer Gerade nahe
kommt. Wenn das Eingangssignal X(t) (zeitveranderliche
Spannung) ist, kann die Ausgangsspannung Y(t+d) als Reihe
beschrieben werden:

Y(t+d) = kyX(t) + ko{X(1)) + ka{X(t))* + ... (10)

Wobei ki, ke, ks efc. konstante Koeffizienten sind; d ist die
Laufzeit zwischen Ein- und Ausgang (hier unwichtig).

Diese Beschreibung ist fur kieine Pegel glltig. Bei groReren
Pegeln entsteht eine Phasenverschiebung, hervorgerufen
durch eine sich mit der Aussteuerung nichtlinear andernde
Kapazitat in den Halbleitern. Alle analogen Bauteile (Mischer,
Verstarker, Eisenkerne etc) haben ki > kz > ka>..., sodal bei
kleinen Aussteuerungen die Ubertragungsfunktion durch den
ersten Term ausreichend beschrieben ist. Durch Annahme
von X(t)=A={ sin(2#n+f1) + sin(2+n=f2) } ist leicht zu
erkennen, wie Y(t+d) wird. Intermodulation dritter Ordnung ist
durch ks, ks, k... und ks allein bei kleinen Pegeln gekenn-
zeichnet. Aneinanderreihung mehrerer Stufen andert diesen
Ansatz nicht; die gesamte Kette wird weiterhin durch Glei-
chung (10) beschrieben, nur mit anderen Koeffizienten, wel-
che man aus denen der Einzelstufen errechnen kann.

Der IP3 , charakterisiert durch ks der Ubertragungsfunktion,
solite eine exakte Beziehung zu DRs haben, welcher das
Gleiche beschreibt. Wenn man ( z. B. in QST-Publikationen)
entdeckt, dall IP3 und DRs nicht die richtige Abhangigkeit
zeigen, bedeutet dies einen MeRfehler oder das gemessene
Gerét hat ein Ubersprechen einer in der Sattigung befindli-
chen Stufe in den Signalzweig. Die Messung des TS-6908S [9]
durch die ARRL ist ein extremes Beispiel. Hier fallen die
Produkte dritter Ordnung nur um 0,5 dB statt erwarteter 3 dB
bei 1dB Pegelabsenkung. Ich habe einen TS-450S, der laut
[9] ahnliches Verhalten zeigen sollte, sehr sorgfaltig unter-
sucht, jedoch nichts gefunden. Aufgrund der hoheren Serien-
nummer war der Fehler wohl schon beseitigt,

IP3 sowie DR; sind beide gute Beschreibungen fir ein Emp-
fangereingangsteil, weil sie beide auf der fundamentalen
Ubertragungsfunktion (10) basieren. Fiir A/D-Konverter eines
digitalen Empfangers trifft dies nicht zu. Wenn mehrere starke
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Signale am Eingang anliegen, ist die Sattigung limitierend.
Unterhalb dieses Pegels sind A/D-Konverter ublicherweise
sehr linear, man sieht praktisch keine IM-Verzerrungen, dar-
(iber versagen sie villig. Ein digitaler Empfanger hat sehr
gute IP3 und DRs ~Werte, dem realen Vergleich mit einem
.guten alten analogen® Empfanger, welcher auch noch weit
oberhalb der durch DR gekennzeichneten Pegel funktioniert,
kann er nicht standhalten. Zum Beispiel wird ein analoger
Empfénger, der 10 an der DR; —Grenze liegenden Signalen
ausgesetzt ist, fiir alle mdglichen Kombinationen Intermodu-
lationen erzeugen, welche jedoch alle im Bereich des
Rauschflures liegen. Ein digitaler Empfanger sieht die 10
Signale addiert als 20 dB héhere Spitzenleistung, wird weit
ibersteuert und unbrauchbar. Zur Zeit bendtigen digitale
Empfénger Vorfilter (Roofing-Filter) zur Einengung der Band-
breite. Innerhalb der Filterbandbreite reagieren sie wie oben
beschrieben. Testroutinen miissen dieses Verhalten beriick-
sichtigen.

Bei Empfangern mit Rickwirkungen bei kleinen Eingangspe-
geln (z.B. Noiseblanker, s.0.) ist die Angabe des IP3 nicht
sinnvall, Die IM-Produkte gehorchen nicht der GesetzmaRig-
keit. IP3 und DR; soliten nur angegeben werden, wenn sie
sicher sind und evtl. Abweichungen bei so geringen Pegeln
auftreten, dal sie insignifikant werden. Ansonsten sollte der
gesamte Graph Intermodulation tber Eingangspegel wie in
[9] dargelegt werden. Im EME-Betrieb sucht man nach Signa-
len 20dB unterhalb des SSB-Rauschfiurs, hier ware ein TS-
690S mit der in [9] beschriebenen Qualitat unbrauchbar. Fir
jemanden, der nicht so leise horen mdchte, kann das Riick-
wirkungsproblem u.U. bedeutungslos sein. Im realen Befrieb
ist das Rauschen von der Antenne oder einem Vorverstarker
kommend ohnehin 10 bis 20 dB hdher als bei einer Messung.

Eine detaillierte Analyse und einige saubere Mefimethoden
findet man bei hitp://antennspecialisten.se/~smShsz/ _ dyn-
range/intermod.htm. Diese Seite erldutert die Sicherheit und
Grenzen der Beschreibung von Empfangerintermodulation
mittels IP3 und DR; .

6. Praktische Messung des Rauschflurs
Als erstes mult der Rauschflur ermittelt werden. Methoden,

welche mit Signalgenerator und Voltmeter unter Beriicksichti-
gung der bekannten NF-Bandbreite arbeiten, sind ungenau,
weil der NF-Frequenzgang selten sehr eben ist. Z.B. beachte
man in Fig. 1 den Frequenzgang eines IC-708MKIIG.

Fig. 1 Frequenzgang eines IC-TO6MKIIG. Die Welligkeit ist
+2dB und wére auf einer ,normalen’ Y -Achse kaum sichtbar.

Eine typische (alte) Methode wiirde mit Hilfe eines Mefsen-
ders und NF-Voltmeters die 6dB-Punkte zu 300Hz und
2800Hz ermitteln. Dann wiirde der MeRsender auf den max.
Peak eingestellt und der Pegel fir eine NF-
Spannungerhéhung von 3dB festgehalten. Hier sind Signal-
und Rauschleistung gleich. Der Fehler durch Annahme der
6dB-Bandbreite im Gegensatz zur wahren Rauschbandbreite
(aquivalente rechteckige' Bandbreite gleicher Rauschleis-
tung) ist abhangig von der Welligkeit des NF-Teils. Beim IC-



T06MKIIG ist die Rauschbandbreite nur 1,6 kHz, der entste-
hende Fehler ist 1,9 dB. Da sich alle Unsicherheiten addie-
ren, kann durch eine saubere Messung des Rauschflurs die
Genauigkeit in der Bestimmung des Dynamikbereichs um
einige dB erhoht werden. Ein Effektivwertvoltmeter am Aus-
gang kann Fehler durch nicht vdllig abgeschaltete AGC her-
vorbringen. Ein Standardmultimeter ist noch ungenauer.

Einwandfreie Messungen erhalt man mit einem Audiospekt-
rumanalysator, Es gibt Computerprogramme hierfiir, ich favo-
risiere meine Linrad-Software, sie ist frei erhaltlich bei
http://antennspecialisten.se/~sm5bsz/linuxdsp/flinrad.htm
Zusatzlich bendtigt man eine Signalquelle, wie z.B. eine ka-
librierte Rauschquelle oder einen MeBsender, welcher bei
Pegeln im Bereich des Rauschfiurs genau ist. Mit einer kalib-
rierten Rauschquelle mifit man wie in Fig. 2 zu sehen.

Fig. 2 Rauschzahlmessung eines Empfangers.

Die Rauschquelle kann zwischen zwei bekannten Zustanden
umgeschaltet werden, ublicherweise Heil' und Kalt' ge-
nannt. Bei Rauschrohren kann die abgegebene Rauschleis-
tung vom Anodenstrom abgeleitet werden. Das Anoden-
strominstrument ist Gblicherweise direkt in Rauschzahl ge-
eicht. Die Rauschzahl des Empfangers ergibt sich durch 3dB
Erhdhung der Rauschleistung am NF-Ausgang und ist dann
direkt am Rauschgenerator ablesbar. Bei Halbleiterdioden ist
die Rauschleistung ebenfalls eine Funktion des Stromes und
iiblicherweise bekannt. Ohne Betriebsstrom hat die Quelle
eine Kalt- Rauschtemperatur, welche etwa Raumtemperatur
betragt, die Temperatur des Widerstandes in der Quelle liegt
etwas oberhalb der Raumtemperatur, Rauschzahlen werden
standardmalig fir 290K spezifiziert. Wenn eine Messung bei
anderer Temperatur erfolgt, sollte man fiir optimale Genauig-
keit eine Korrektur einrechnen.

Wenn die Rauschquelle eingeschaltet wird, gibt es neben der
Erhohung der Rauschtemperatur einen kleinen Impedanz-
sprung. Wenn ein Empfanger empfindlich auf Impedanz-
spriinge reagiert, ist die Anderung des Rauschflurs nicht nur
von der Temperaturanderung der Quelle, sondern auch von
der Verstarkungsanderung des Empféngers abhangig. Fir
die Bestimmung des Dynamikbereichs ist solch ein Fehler
unbedeutend, zur Bestimmung einer sehr kleinen Rauschzahl
essenziell. Rainer Bertelsmeier, DJ9BV, hat diese Problema-
tik in [10] diskutiert.

Man kann einen zusatzlichen Abschwacher zur Minimierung
dieses Fehlers verwenden, der in die Eichung der Rausch-
quelle einbezogen werden sollte. Bei dem Verfahren nach
Fig. 2 stellt der Generator iiber den Richtkoppler ein Pilotsig-
nal konstanter Amplitude zur Verfugung.

Durch Beobachten am Audiospektrumanalysator kann man
durch AGC oder Impedanzspringe verursachte kleine
Schwankungen der Empfangerverstarkung kompensieren.
Man beachte, dalt Verluste in Kabeln und Richtkoppler die
Messung verfalschen. Diese Komponenten kann man als
Dampfungsglieder nahe Raumtemperatur betrachten. Die
Korrektur ist nicht schwierig, Minimierung ist jedoch besser.

33

Ein 20dB Richtkoppler wie in Fig. 2 ist wegen seiner geringen
DurchlalRdampfung gut und koppelt wegen seiner Auskoppel-
dampfung wenig thermisches Rauschen in den Hauptzweig
ein. Gemessen wird wie folgt. Am Generator wird ein am
Audiospektrumanalysator gut sichtbares Pilotsignal einge-
stellt. Der Pegel solite so klein sein, dass sich der Rauschflur
um nicht mehr als ein paar Zehntel dB &ndert. Entscheidend
ist hier, da das Signal wirklich durch den Richtkoppler und
nicht durch Einstrahlung in den Empfanger gelangt. Vier
Pegel sind zu bestimmen: Rauschfiur und Signalpegel, jeder
fir Heit' - und Kalt' - Zustand der Rauschquelle. Die Ab-
stimmung darf wahrend der Messung nicht verandert werden,
erlaubt ist nur Ein/Ausschalten der Rauschquelle. Es ergibt
sich:

Ne = Kalt' Rauschflur

Ny = Heil' Rauschflur

Sc = Kalt’ Signalpegel

Sy= Heill' Signalpegel

Bei Linrad kann man diese Pegel in dB vom S-Meter ablesen,
Su und Sc sollten bei einer Bandbreite (z.B. 10Hz) gemessen
werden, bei der das Rauschen vemachlaBigbar wird. Prifen
durch Abschalten des Generators, die Anzeige sollte mindes-
tens 20dB fallen. N solite bei groRtmaglicher Bandbreite be-
stimmt werden. Der statistische Fehler bei Rauschleistungs-
messungen ist proportional zur Quadratwurzel der MefRzeit
und umgekehrt proportional zur Quadratwurzel der Bandbrei-
te. Man stelle sicher, dal keine Signale tber Nebenemp-
fangsstellen eingekoppelt werden. Der Unterschied zwischen
S and Sc entspricht der Verstarkungsanderung des Empfan-
gers durch den Impedanzsprung der Rauschquelle beim
Umschaltvorgang. Es spielt hierbei keine Rolle, ob die Ande-
rung durch den Impedanzsprung direkt oder durch die AGC
hervorgerufen wird, solange sie gering bleibt. Die Korrektur
des Rauschfiurs iiber die Temperatur in dB erhalt man aus:

Noirr = Ny- Ne + Sc- Sy dB (11)
Nach Delogarithmierung wird Nowr zum Y Faktor:
Y =10 * antilogo(Noir) (12)

Weil Rauschleistungen proportional zu Rauschtemperaturen
sind, kénnen Gleichung (11) und (12) transformiert werden in:

Ty = Heilt Temperatur der Rauschquelle
Tep = Kalt Temperatur der Rauschquelle
Rx = Rauschtemperatur des Empféangers

Wir erhalten nun die bekannten Gleichungen:

Y=(Tu+Trx)/(Tc+ Trx) (13)
Tax = (Tu-Y *Te) /(Y -1) (14)
NF = 10 * logso( 1 + Trx/290 ) (15)

Die ist die gute alte Heill/Kalt -MeRmethode fiir Rauschzah-
len. Die Gleichungen ergeben, daR man Eiswasser bei 273K
und den Kichenofen bei 523K hemehmen kann, um Npge =
2,6dB zu erhalten, wenn die Rauschzahl 0,5dB ist. Bei SSB-
Bandbreite ist die Unsicherheit groft, vielleicht 0,3dB, bei




grofien Bandbreiten wird die absolute Genauigkeit gut. Flis-
siger Stickstoff erhoht die Genauigkeit fiir kleine Rauschzah-
len dramatisch, ist im Gebrauch jedoch leicht problematisch.

Wenn keine AGC vorhanden ist und der Empfanger unkritisch
auf Impedanzspriinge reagiert, sind Sw and Sc gleich und
der Richtkoppler samt Mefisender sind uberflissig. Dann
klemmt man die Rauschquelle direkt an den Eingang und
nimmt den Audiospektrumanalysator als Effektivwertvoltme-
ter. Zusatzlich vermeidet man so die Unsicherheit der Einfi-
gedampfung des Richtkopplers.

Zu Anschauung habe ich einige Messungen an einem IC-
706MKIIG vorgenommen. Mit einem guten Vorverstarker,
eingeschalteter AGC und der internen HF-Verstarkerstufe
ausgeschaltet zeigt der IC-706MKIIG S0, wenn Rauschquelle
und Signalgenerator ausgeschaltet sind. Der Signalgenerator
allein bringt das S-Meter auf S1, die Rauschquelle erzeugt S4
und beide Quellen erzeugen ebenfalls S4.

Tabelle 2 zeigt die Signalpegel in Linrad fiir die vier magli-
chen Kombinationen aus Signalgenerator und Rauschquelle.

S N

Generator (in 10Hz BW) | (in 300 Hz

BW)

| Signal | Noise

off off 25.8 40.1
off on 28.5 42.8
on off 48.8 39.9
on on 46.3 41.8

Tabelle 2. Effektivwerte der Leistungspegel fir Signalfre-
quenz und Rauschfiur fiir alle vier méglichen Kombinationen.

Bei einem konventionellen Aufbau ohne Signalgenerator
wiirde der Y-Faktor {in dB) zu
42,8-40,1 = 2,7dB werden. Nach Gleichung (11) erhalten wir
Nowr = 41,8 - 39,9 + 48,8 — 46,3 = 4 4dB. Die Rauschquelle
war eine auf ,3dB' eingestelite Rohrendicde, welche bei einer
Rauschzahl von 3dB einen Y-Faktor von 3dB ergeben wiirde.
Ty Ist dann 870 K. Auf einer linearen Leistungsskala sind die
Y-Faktoren 1,86 bzw. 2,75 und mit Tc=295K werden die Emp-
fangerrauschtemperaturen nach Gleichung (15) 373 bzw.
34K. In Rauschzahlen umgerechnet waren das 3,5 und
0,5dB. Die AGC hat bei einer normalen Messung einen Feh-
ler von 3dB erzeugt!

Mit einem Signalgenerator als Pilottonquelle erhalten wir ein
korrektes Resultat, obwohl die AGC aktiv ist. Mit meiner
Quelle (Magnetic 123) und AGC-Kompensation wird die
Rauschzahl des IC-706MKIIG zu 4,4dB mit und 8,7dB ohne
internen Vorverstarker,

Die zweite Methode basiert auf einem MefRsender mit be-
kanntem Pegel. Man mifit das S/N des NF-Signals mit ange-
schlossenem MeRsender. Die AGC spielt hierbei keine Rolle,
der Audiospektrumanalysator ermittelt S und N richtig, beide
sind abhéngig von der AGC. Fig.3 zeigt Linrad, wenn ein —
130,0dBm Signal in den IC-706MKIIG mit eingeschaltetem
Vorverstérker eingespeist wird, Das Linrad S-Meter zeigt
$=49,3dB und N=34,8dB. Fir eine prazise Messung von S

wurde hier die Bandbreite auf 10Hz reduziert. Weil die ge-
samte Energie noch in diesem schmalen Filter ist, ist das
Signal vollig unbeeinfluBt. Das S/N in 10Hz ist sehr gut, die
S-Meteranzeige ist stabil. Weil zur N-Messung das prazise
rechteckige 300Hz-Filter aus Linrad herangezogen wurde,
erhalt man SN = 39,3dB, dh. der Rauschflur ist -
169,3dBm/Hz. Aus Gleichung (2) wird die Rauschzahl zu
4,7dB. Bei ausgeschaltetem Vorverstarker erhalt man hier
9,1dB. Diese Werte sind durchaus mit denen der Methode mit
Rauschquelle vergleichbar. Die etwas hoheren Werte resul-
tieren in erster Linie aus dem welligen Frequenzgang des IC-
T06MKIIG zwischen 1300 und 1600Hz. Man konnte Linrad
auf eine Welligkeit von 0,1dB des Rauschflurs kalibrieren, der
Effekt ware jedoch gering, da es schwierig ist, so kleine Sig-
nalpegel exakt zu erzeugen.

Zur Rauschzahlbestimmung eines VHF-Empfangers, speziell
mit Rauschzahl <4dB, ist die Mefisendermethode ungeeig-
net. Eine Messung per Rauschquelle ist hier angezeigt. Zur
alleinigen Bestimmung des Dynamikbereichs mag ein mit
normalen Mefisendern erreichbarer Fehler von 1dB jedoch
tragbar sein.

Fig. 3 Das Basisbandspektrum von Linrad bei NF-Messung
mit Signalgenerator. Das Eingangssignal entstammt dem
gleichen IC-T06MKIIG wie in Fig. 2 mit -130dBm Signal am
HF-Eingang. Die Pixel sind mit geraden Linien verbunden,
um bessere Ausdrucke zu erreichen. Das rechteckige Filter
reicht von 1300 bis 1600Hz.

7. Quarznotchfilter

DR2 and DR3 Messungen sind einfach, wenn die verwende-
ten Signalquellen erheblich besser als der zu priifende Emp-
fanger sind. Das grofle Problem ist: woher wissen wir das?
Standard MefRsender sind mit Sicherheit zu schlecht fir
emnsthafte Arbeit. Man mult etwas besseres bauen. Nur, wie
stellt man sicher, daft die Qualitat ausreichend gut ist?
Quarznotchfilter sind die Losung. Man kénnte natlirlich auch
Quarzbandpaffilter zur Verbesserung der Signalreinheit des
MeRsenders einsetzen, die ist jedoch nur fiir DR2 Messun-
gen sinnvoll. Man wiirde fiir jedes unerwiinsche Signal ein
Quarzfilter bendtigen und hatte die Flexibilitat, IM-Produkte
bei verschiedenen Frequenzabstanden zu messen, verloren.
Fig. 4 zeigt ein einfaches Quarznotchfilter.

Fig. 4 Einfaches Quarznotchfilter. C3 ergibt mit der Spule
einen durch den Quarz belasteten Parallelschwingkreis. C1
und C2 sind gleich. Kleinere Werte fiir C1 und C2 ergeben
tiefere Kerben aber auch einen schmaleren DurchlaRbereich.
Ein Parallelschwingkreis wird durch einen Quarz belastet. Je
hoher die Impedanz des Schwingkreises ist, umso tiefer wird
die Kerbe. Die LC-Schaltung ist ein Bandpalfilter. Fir groRe
Kerbtiefen bei gleichzeitig grofer Bandbreite sollte man ein
hohes L/IC-Verhdltnis anstreben. Dadurch wird C3 so klein,
dass die Parallelkapazitat des Quarzes dominant wird. Die
Impedanziransformation sollte durch Spulenanzapfungen
erzeugt werden, dies erhoht die Bandbreite durch groferes
L/IC-Verhaltnis.



Wenn man den Dynamikbereich bei kleinen Frequenzabstan-
den messen will, braucht man neben 30dB Kerbtiefe am
besten < 1dB Dampfung 5kHz neben der Kerbe. Hierfir be-
notigt man mehrere Quarze.

Fig. 5 zeigt den Aufbau eines 14 MHz Notchfilters mit drei
Quarzen. Es ist mit sehr kleinen Abstimmkondensatoren
aufgebaut, um neben der schmalen Kerbe einen optimal
grofien DurchlaRbereich zu gewahrleisten,

Fig. 5 Ein 14 MHz Notchfilter. C3 und C4 sind 20pF Trimmer,
nahe der minimalen Kapazitat abgestimmt. C1 und C2 sind
60pF Trimmer, bei ca. 20pF abgestimmi. Die Spulen sind auf
Amidon T80-6 Kerne aufgebracht.

Die Spulen sind auf grofe Amidon T-80-6 aufgebracht. Da
dieses Filter fiir IM-Messungen bei 14 MHz gedacht ist, soll-
ten die Sputen im Idealfall Luftspulen sein. Die 500hm Wick-
lungen haben 13 Wdg., die abgestimmten Wicklungen haben
32 Wdg.. Der Quarz sieht so ca. 3000hm. Die Toroidkerne
sind durch Ein- und Ausgang hoch belastet, das Q ist niedrig,
deshalb produzieren die Filter trotz Eisenkernen wenig eige-
ne Intermodulationen.

Der Frequenzgang des Filters ist in Figs 6 und 7 dargestellt.

Fig. 6 Frequenzgang des Filters aus Fig 5 von 5 bis 30 MHz.
Die Fitterdémpfung betrégt 0,3dB von 10 bis 20 MHz.

Fig. 7 Frequenzgang des Filters aus Fig 5 von 14,100 bis
14,200 MHz. Die Dampfung betragt weniger als 0,5dB 10kHz
neben der Kerbe, welche (ber mehr als 1,5kHz Breite 50dB
tief ist.

Das Layout eines solchen Filters ist unkritisch. Fig. 8 zeigt
ein Photo. Die Abstimmung geschieht wie bei einem dreikrei-
sigen Bandpal. Mit einem Wobbler kein Problem. Ohne
MefBmittel kann man das Filter auf minimale Durchgangs-
dampfung 100kHz neben der Kerbe einstellen. Es ist dann
nicht automatisch flach von 5 bis 20 MHz, fiir Messungen des
Dynamikbereiches ist dies jedoch gut genug.

Fig. 8 Das 14 MHz Notchfilter in einem Gehéuse aus doppel-
seitigem Platinenmaterial. Die Bauteile sind auf die Massefla-
che aufgeldtet, die Kerne sind aufgeklebt.

Ein 144MHz Filter kann auf gleiche Art gebaut werden. Der
Durchlalibereich wird kleiner und die Kerbe breiter sein, weil
die Parallelkapazitat der Quarze das L/C-Verhaltnis ver-
schlechtern und die Serienimpedanz der Quarze nicht sehr
klein wird. Einfache 16MHz-Quarze zeigten bei meinen Ver-
suchen ca. 3000hm beim 9ten Oberton im Bereich 144,100
bis 144,160MHz. Fir gleiche Obertonfrequenzen mull man
aus etwa 50 bis 100 billigen Exemplaren selektieren. Vor dem
Kauf einer groferen Menge sollte man sicherstellen, daf die
9te Obertonresonanz ausgepragt ist. Einige moderne Quarze
haben in grofem Gehause kleine Quarzplatichen und kan-
nen fiir 144 MHz unbrauchbar sein.

Fig. 9 zeigt ein 144 MHz Filter mit 8 Quarzen. Es hat prinzi-
piell denselben Aufbau wie Fig. 5. Dieses 144 MHz Notchfilter
ergibt eine 60dB tiefe Kerbe. Der Frequenzgang ist aus Figs
10 und 11 zu ersehen. Ein 16MHz Quarz hat falsche Reso-
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nanzstellen oberhalb des 9ten Obertones. Dies ergibt uner-
wunschte Kerben oberhalb der wahren Kerbe in Fig. 11,
diese Art Filter ist nicht zur DR; and DRs Messung geeignet,
wenn die unerwinschten Signale frequenzmalig nahe am
bzw. (iber dem Nutzsignal liegen.

Fig. 9 Ein Notchfilter fir 144MHz mit Lufispulen, die Impe-
danztransformation geschieht durch Anzapf bei 1,5 Wdg der
4.5 Wdg Ein- und Ausgangsspulen.

Fig.10 Frequenzgang des Notchfilters aus Fig. 9 von 100 bis
200 MHz.

Fig. 11 Frequenzgang des Nofchfiters aus Fig. 9 von
144,000 bis144,300 MHz.

Auch ein Quarznotchfilter produziert IM dritter Ordnung bei
DR3 Messungen, wenn die unerwtinschten Signale nahe der
Quarzresonanzfrequenz sind.

Bei diesen Frequenzen gehorchen die IM-Produkte nicht der
Gesetzmaligkeit, nicht einmal wenn der Pegel weit unter
dem Hauptsignal liegt und Verstarker und Mischer sich kor-
rekt verhalten. In der Nahe der Notchfrequenz mult man sehr
geringe Pegel einsetzen, um ein eindeutiges Verhalten nach
der GesetzmaBigkeit dritter Ordnung zu erzielen, das ist nicht
einfach. Man bendtigt einen sehr guten Empfanger dafir. Fig.
12 zeigt den Pegel der IM3 nach dem 144MHz Notchfilter bei
der Notchfrequenz. Der Pegel eines Tones ist auch als 1:1
Gerade dargestellt. Beide Kurven sind bei 20kHz bazw.
100kHz Frequenzabstand gemessen. Hierfir wurden 1W
Klasse A Verstarker mit Zirkulatoren vor dem Powercombiner
eingesetzt. Zwischen dem Notchfilter und dem RX144 Kon-
verter war ein Dampfungsglied eingesetzt, um weit unterhalb
des Einsetzens der IM-Verzerrungen im Empfangszweig zu
bleiben. (Der RX144 Konverter ist Bestandteil meines High
Performance Empfangers fiir Linrad. Es ist ein Empfanger mit
vierfacher Frequenzumsetzung nur mit Quarzoszillatoren. Die
letzte Umsetzung erfolgt von 2,5MHz nach DC, wo eine Del-
tad4 Soundkarte breitbandig das Signal der | und Q Kanale in
einen Datenstrom konvertiert. Details findet man bei:
http://antennspecialisten.se/~smSbsz/linuxdsp/optrx.htm) Die
Bandbreite wurde zu 3Hz gesetzt und die Deltad4 wurde mit
max. Verstarkung betrieben, um fir die IM-Produkte eine
qute Empfindlichkeit zu erzielen. Aus Fig. 12 wird klar, dal
sich ein Notchfilter anders als ein Verstarker oder Mischer
verhalt, Das Verhalten dritter Ordnung ist nur bis zu Pegeln
von ca. 100dB unter dem Signalpaar zu beobachten. Weiter
mul extrapoliert werden: Der IP dritter Ordnung ist +31,5dBm
fir einen Frequenzabstand von 20kHz und +49,5dBm fir
100kHz.

Mit zwei Testsignalen von +16dBm erzeugt das Notchfilter
IM3 73dB unter dem Signalpegel. Fir normale Verstarker und
Mischer konnen saubere IP3-Messungen bei 20kHz Fre-
quenzabstand bis zu +45dBm durchgefiihrt werden. Ohne
Filter sind die IM3 Pegel bei -74dBm, hier waren IP3-Werte
bis +55dBm sicher. Aber wenn man die Zirkulatoren entfernt,
liegen die IM3-Produkte bei -52dBm. Da das Notchfilter oh-
nehin zur DR2 -Bestimmung bendtigt wird, solite man es
verwenden, anstatt Klasse-A Verstarker zu bauen.




Fig 12 Signalpegel am Ausgang eines 144MHz Quarznotch-
filters im Zweitontest. Kreise gelten fiir 20 kHz, Dreiecke fiir
100kHz Frequenzabstand. Das Verhalten drifter Ordnung bei
sehr kieinen Pegeln ist zum P3 bei +31.5 dBm filr 20 kHz
Abstand und bei +49.5 dBm fiir 100 kHz Abstand extrapoliert.
Die Intermodulation entsteht im Notchfitter.

Zusammengefaltt ist ein Quarznotchfilter ein nitzliches Uten-
sil. Es erlaubt DR-Messungen mit Standard-mefisendern,
welche haufig zu hohe Rauschspekiren produzieren. IM3-
Messungen am Rauschflur sind schwierig. Ein Notchfilter ist
eines der brauchbaren Werkzeuge, aber das ungewohnliche
Verhalten der IM3-Produkte muf Beachtung finden, beson-
ders bei Messungen nahe der Notchfrequenz.

8. Praktische Aspekte der DR; -Messung

Bei konventionellen Empfangem spielt der Pegel des leisen
Signals keine Rolle, solange der Dynamikbereich der ZF- und
NF-Stufen ausreichend ist. Es spielt ferner keine Rolle, ob die
AGC anspricht oder nicht, solange der Spektrumanalysator
am Lautsprecherausgang das gewiinschte Signal und den
Rauschflur simultan erfafit.

Zur Priifung des Dynamikbereiches der ZF- und NF-Stufen
erhohe man den Pegel des erwlinschten Signals, bis sich der
Signal/Rauschabstand nicht mehr verbessert. An diesem
Punkt sind ZF- oder Audiorauschen nicht mehr klein gegen-
uber dem von der AGC heruntergeregelten Rauschflur am
Antenneneingang, oder es ist der Pegel, bei dem das Signal
aufgrund von Begrenzung nicht weiter ansteigen kann. Bei
einem Empfanger mit zweifacher AGC-Schleife kann der
Pegel, bei dem ein Dampfungsglied aktiv wird, am S/N-Plot
direkt erkannt werden. Bei DR-Messungen mull der Pegel
des Nutzsignals deutlich unter dieser Schwelle gehalten
werden.

Die Zusammenschaltung der beiden Mefisender ist bei DRz
Messungen unkritisch. Der Pegel des Storsignals liegt unter
0dBm, der des Nutzsignals irgendwo bei -130dBm. Ein ein-
faches Widerstandsnetzwerk tut es, das Stdrsignal gelangt
liber 50hm, das Nutzsignal (iber 5000hm auf einen Zusam-
menschaltpunkt. Ein Richtkoppler oder ein T-Stlick mit nach-
folgendem 6dB Dampfungsglied zur Wiederherstellung der
500hm reicht.

Fiir eine Messung wahle man einen Frequenzabstand und
stelle das unerwiinschte Signal auf 3dB S/N-Verlust des
Nutzsignals ein. DR; errechnet sich aus Gleichung (3) , wobei
Pcen der Pegel des unerwiinschten Signals am Antennenein-
gang ist. Wenn der Generator kalibriert ist, mufs noch die
Démpfung der Kabel und des Powercombiners subtrahiert
werden. Bei unkalibrierter Quelle kann man den Pegel aus
der Rauschzahl, wie in Zusammenhang mit Fig. 3 beschrie-
ben bestimmen, man benotigt dann exakte Dampfungsglie-
der, um in den Bereich um -130dBm zu kommen. Einstrah-
lung ist hier das Hauptproblem.

Um den Nutzen eines Notchfilters zu erlautern, zeigt Fig. 13
Linrad mit dem Spekirum von 144,080 bis 144,170 MHz mit
einem auf 144, 000MHz eingesteliten und dber das Notchfilter
angeschlossenen HP8657A Mefisender. Laut Spezifikation
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soll das Phasenrauschen <-136dBc/Hz bei 20kHz Frequenz-
abstand sein. Hier sieht man ein Seitenbandrauschen von -
140dBc/Hz in 100kHz Abstand. Amateurfunkgerate nach dem
Stand der Technik sind kaum besser, z.B. wurde ein TM255E
beim VHF-Treffen in Gavelstad mit DR2 von 144,5dB bei 100
kHz gemessen: http:/fantennspecialisten.se/
~smbbsz/dynrange/gavelstad/gav.htm

Fig 13 Das Linrad Spektrum eines HP8657A Melisenders bei
80 bis 160 kHz Abstand. Ein Beispiel zum Nutzen eines
Quarznotchfilters zur DR; -Messung.

9. Praktische Aspekte der DR; -Messung
Anders als bei der einfachen DRz -Messung hat man bei der

DRa Messung einige Probleme. Man kann leicht falsche Er-
gebnisse erhalten, speziell wenn bei sehr kieinen Pegeln der
IM-Produkte gemessen wird. Andererseits leiden Messungen
bei Pegeln deutlich iber dem Rauschflur an Ungenauigkeiten
von S-Metern oder Effektivwertvoltmetern am Lautsprecher-
ausgang. Bei Verwendung von drei MeBsendemn, wie hier
vorgeschlagen, kann man bei hohen Pegeln genaue DR: -
Ergebnisse erhalten. (Nocheinmal: Bei Empfangern mit zwei-
facher AGC wird die Messung dort ungenau, wo die AGC die
HF-Verstarkung reduziert).

Probleme der Intermodulationsmessung liegen in dem Ver-
halten des Testempfangers bei starken Intermodulationssig-
nalen. Bei grofien Signalstarken kann man dem gesetzmafi-
gen Verhalten der IM nicht trauen. Bei der realistischeren
Situation mit kleinen IM-Signalen <S6 oder so, wie sie im
Betrieb auftreten, liegen die Probleme in der Signalerzeugung
(Die Generatoren erzeugen gegenseitig IM). Ublicherweise
addiert sich die Generator-IM zur Empfanger-IM auf der Fre-
quenz dritter Ordnung. Der Empfanger erscheint dann zu
schlecht. Wenn sich die IM-Produkte der MeRsenders und
des Empfangers in Gegenphase befinden, erscheint er zu
gut.

Wenn man eine gute Quelle zweier gleichstarker Signale hat
schaffen konnen, ist die DR; Messung kein Problem mehr.
Man nehme das Blockschaltbild aus Fig. 2 , ersetze den
Rauschgenerator durch die zweite Quelle. Die Frequenz des
Pilottons (durch den Richtkoppler eingespeist) wird nahe
neben die Frequenz des erwarteten IM-Produkies gestellt.
Die unerwiinschten Signale werden auf gleiche Pegel einge-
stellt und der Pilotton im Pegel dem IM-Produkt angepasst,
wie auf dem Spektrumanalysator zu sehen. Die AGC spieit
hier keine Rolle, man sieht leicht, wann die Signale gleiche
Pegel haben. Sogar ZF-Stufen dirfen in die Begrenzung
gehen, solange die unerwiinschten Signale auferhalb der
ZF-Bandbreite liegen. Mit dieser Methode erhalt man (ber
einen wesentlich gréferen Pegelbereich sichere Ergebnisse
als bei anderen MeRmethoden.

Fig. 14 zeigt die Pegel der IM-Produkte dritter Ordnung in
einem IC-706MKIIG bei Eingangspegeln zwischen -56 und -
8dBm. Man sieht das gesetzmaRige Verhalten der IM-
Produkte bis ca. 40dB unterhalb der zwei Tdne. Firr diese
Messung wurde ein fast perfekter Zweitongenerator benutzt.
Mit Hilfe des RX144 und Linrad wurde sichergestellt, dass die



Quelle IM3-Produkte weit unterhalb derer des IC-7T06MKIIG
hat. Es ist natlirlich wichtig, die Pilottonquelle sehr gut zu
entkoppeln. Jede Einstrahlung erzeugt Fehler bei niedrigen
IM3-Pegeln.

Fig 14 Gemessene IM3-Produkte (Kreise) eines IC-
T06MKIIG mit HF-Vorverstarker und AGC eingeschaltel. Das
Ergebnis der Extrapolation der Produkte dritter Ordnung
(Kreuze) ergibt den richtigen Wert (IP3=-8dBm) bis zu IM3-
Pegein von ca. 40dB unter den Einzelsignalen.

Die folgenden Unterkapitel identifizieren Problembereiche.
die bei der Zusammenschaltung zweier Signalquellen zu
einer Zweitonquelle fir die DRs Messung zu beachten sind.

Harmonische des Meflsenders

Erste Bedipgung ist Oberwellenfreiheit der zu koppelnden
MeRsender. Wenn z.B. zwei Quellen bei 144,100 und
144,125MHz benutzt werden, entstehen IM-Produkte dritter
Ordnung bei 144,075 und 144,150MHz. Wenn beide Genera-
toren Energie auf der zweiten Oberwelle erzeugen, entstehen
zusatzlich 288,250 - 144,100 = 144,150 und 288,200 -
144,125 = 144,075MHz. Exakt auf der Frequenz der IM-
Produkte dritter Ordnung. Noch schlimmer: Da diese Produk-
te zweiter Ordnung sind, fallen sie nicht so schnell wie die
Produkte dritter Ordnung. Daher werden sie dominant bei
kleinen IM-Pegeln. Die Konsequenz erkennt man in Fig. 15,
dem Plot des Ausgangssignals eines Breitbandverstarkers
mit BFR91A. Linrad mit RX144 ist der Spektrumanalysator.
Die Signalpegel und die Pegel der beiden IM3-Produkte wer-
den direkt mit dem Linrad S-Meter erfat. Die Eingangssigna-
le liegen zwischen -29dBm und -59dBm. Die Signalgenera-
toren speisen hier (bersteuerte Verstérker, die zweite Har-
monische mit ca. 25dB unter Grundwelle erzeugen. Bei solch
hohem Oberwellenanteil und einem Breitbandverstarker er-
staunt es nicht, dalt die Abweichung von normalem Verhalten
dritter Ordnung grof ist. Zum Vergleich zeigt Fig. 15 auch die
Werte mit zwischengeschaltetem 144MHz-Bandpalifilter und
auf -75dBc reduziertem Obenwellenanteil.

Fig 15. IM3 Messung an einem BFR91A Breitbandverstérker.
Die Pegel der hiheren (Kreise) und niedrigen (Recktecke)
IM3-Produkte mit und ohne Filter zu Reduzierung der zweiten
Harmonischen des Testzweitons. Man beachte, dass Ober-
wellen ein Verhalten der IM3-Produkte zweiter Ordnung bei
kleinen Pegeln hervorrufen.

Der Breitbandverstarker aus Fig. 15 hat einen IP3 von ca. -
4dBm. Er mul mit Pegeln > -38dBm gemessen werden,
wenn die Harmonischen bei —~25dBc sind. Die Produkte dritter
Ordnung sind dann bei ca. —107dBm, also ca. 40dB {ber
Rauschen in 2kHz Bandbreite. Der Versuch, den intermodu-
lationsfreien Dynamikbereich dritter Ordnung am Rauschflur
2u messen, ergibt falsche Werte.

Zweite Harmonische der MeRsender werden oft durch die
Eingangsfilter der zu testenden Empfanger unterdriickt. Es ist
jedoch gut, eine Belastung des MeRobjekts mit Harmoni-
schen zu vermeiden, speziell wenn externe Verstarker zur
Pegelerhohung zum Einsatz kommen. Mehr Leistung erleich-
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tert die Zusammenschaltung zweier Quellen, einfache gesat-
tigte Verstérker bendtigen Tief- oder Bandpassfilter am Aus-
gang. Das beschriebene Quarznotchfilter zur Beseitigung der
Rauschseitenbander bringt ebenfalls sehr gute Unterdri-
ckung bei 288 MHz und héher.

Intermodulation aus Kopplung

zweier MeRsender

Der zum Messen bendtigte Zweiton wird (blicherweise mit
einem Aufbau wie in Fig. 16 gewonnen.

Fig 16 Zwei Generatoren werden mit einem Hybridcombiner
gekoppelt und gleichzeitig voneinander isoliert, Siehe Text.

Ein brauchbarer Hybridcombiner kann aus Koaxkabel herge-
stellt werden. Man meide Ferrit-Transformatoren, sie knnen
IM erzeugen. Ein eisenloser Hybridcombiner mit integriertem
Abschlufld kann auch mit diskreten Bauteilen erstellt werden.
Der Hybrid isoliert die beiden Eingange um ca. 30 bis 40dB,
wenn beide Ausgange mit 500hm abgeschlossen sind. Man
beachte, dafl Empfanger selten 500hm Eingangsimpedanz
haben, obwohl sie fir gute Rausch- und IM3-Parameter bei
500hm entwickelt sind. Mein IC-7T06MKIIG, den ich als Refe-
renz fiir moderme Gerdte heranziehe, hat bei 145 MHz
550hm und 18pF Eingangsimpedanz. Das Eingangs-VSWR
ist 3,0 und die Riickflutdampfung 6dB. Direkt mit einem per-
fekten Hybrid verbunden, senkt ein solcher Empfanger auf-
grund der Fehlanpassung die Isolation zwischen den Signal-
quellen auf 12dB. Jedes zusétzlich eingebrachte dB Damp-
fung erhoht die Isolation um 2dB, bis auf max. 25dB. Der
Hybrid stellt eine ReflektionsmeBbriicke dar. 50% der Leis-
tung des Generators A verschwindet im Abschlufwiderstand,
50% sieht der Empfanger. Von dort wird ein Teil reflektiert,
der dann zu gleichen Teilen an Generator A und B erscheint.
Die reflektierte Leistung minus 6dB ist die max. zu erreichen-
de Isolation. Bei einem gegebenen Pegel des Testsignals ist
es egal, ob vor oder nach dem Hybrid Dampfung eingefiigt
wird, solange die vom Hybrid erbrachte Isolation ausreichend
gut ist.

Wenn der Ausgangsabschwacher groll genug ist, kdnnen
kleine Impedanzfehler die hohe Isolation der beiden Genera-
toren stark beeinfluben. Durch Anpassen des Abschlulwi-
derstandes kann man die Verkopplung der Generatoren zum
Verschwinden bringen, aber nur von A nach B und umge-
kehrt. Grund ist die Frequenzabhangigkeit dieser Kompensa-
tion. Wenn der Frequenzabstand der Generatoren klein ist,
kann man so das Entstehen gegenseitiger Intermodulation
der Generatoren bei hohen Pegeln verhindern.

Mit guten Generatoren wie z.B. HP8657A erhalt man in der
Konfiguration von Fig. 16 im unglnstigsten Fall IM-Produkte,
wie in Fig. 17 dargestelit. Man erkennt gemessene IM-
Produkte bei verschiedenen Leistungspegeln, die Last hat
dieselbe Impedanz wie der ICTOBMKIIG. Abschwacher X hat
3dB, die Abschwacher A und B sind die der MeRsender. Zur
sauberen Messung der niedrigen IM-Pegel in Fig. 17 wird ein
Richtkoppler zwischen Generator A und dem Hybrid einge-
setzt.




Fig. 17 Die in einem HP8657A erzeugten Intermodulationen
beim Zweitontest. Die Unsteligkeit zwischen -10 und -
11dBm ist zwischen —3dBm und —4dBm Ausgangsleistung
der Signalgeneratoren. Ursache ist die interne Struktur des
HP8E5TA.

Um ein IMD-Produkt am Rauschflur in SSB-Bandbreite zu
erzeugen, mult das IM3-Produkt bei einer angenommenen
Rauschzahl von 10dB ca. -130dBm sein. Hierfiir miissen die
IM3-Pegel der MeRsender besser —140dBm sein. Aus Fig. 17
erkannt man, dal die maximalen Pegel dann -30dBm sind.
Das bedeutet, ein paar HPB657A sind fiir IM3-Messungen am
Rauschflur bis zu einem IP3 von +20dBm zu gebrauchen. Ein
alter rohrenbestiickter HP608D produziert 12dB mehr IM als
der HPB657A, wenn sauber abgeglichen. Er kann jedoch
durch Aufdrehen des Leistungsreglers zu +13dBm Ausgangs-
leistung gegeniiber normalerweise +4dBm berredet werden.
Man kann dann 9dB mehr Dampfung einfliigen und der
HP608D wird mit 7dB kleineren IM3-Werten besser als der
HP8BT75A.

Man sollte mit Hilfe eines Richtkopplers das Ausgangssignal
der Generatoren {iberpriifen. Wenn kein guter Spektrumana-
lysator (Rx144+Linrad) verfiigbar ist, geniigt der spater zu
testende Empfanger. Am Ausgang der Richtkopplers ist das
Signal des zweiten MeRsenders ca. 20dB unterdrickt, das
IM3-Produkt ist jedoch in Kehrlage mit dem Pegel vorhanden,
wie der zu testende Empfanger es sehen wiirde. In diesem
Fall wiirde das Testobjekt mindestens 20dB weniger IM3
erzeugen, weil es aufgrund des Richtkopplers nicht mit zwei
gleichstarken Signalen auf den zwei Frequenzen belastet
wird. Mit einem weiteren Richtkoppler und einem dritten Ge-
nerator kann man die Pege! von Signal und IM3 messen und
sicherstellen, dalt die von den Generatoren erzeugten IM3-
Produkte deutlich kleiner sind als die vom Messobjekt im
realen Test erzeugten. Der Hybrid mult hierbei die gleiche
AbschluBimpedanz wie bei der spateren Messung sehen. Ein
nicht abgeschlossenes 3dB Dampfungsglied erzeugt
VSWR=3 und kann zum Abschluf des Hybrides genommen
werden. Man schlielle das Testobjekt an das Dampfungsglied
an. Dann sind die von den Generatoren erzeugten IM3-
Produkte sicher geringer als bei der vorherigen Abschatzung.

Es wurde empfohlen, die Dampfung vor und nach dem Hybrid
zu verteilen, um herauszufinden, wieviel IM3 die Generatoren
produzieren. Hierbei wird davon ausgegangen, dalt die Isola-
tion des Hybrides konstant ist und die Dampfung vor dem
Hybrid die IM3-Produkte der Generatoren verringert. Die
Dampfung hinter dem Hybrid bewirkt dies nicht. Dies mag im
Idealfall zutreffen, mit Sicherheit nicht fiir ein Testobjekt mit
unangepaltem Eingang, wie meist jeder rauscharme VHF-
Empfanger.

Um den Effekt der Generatorintermodulation aufzuzeigen,
habe ich die IM3-Pegel des ICTOBMKIIG mit Hilfe zweier
HPBB57A gemessen, die mit je +10dBm Ausgangsleistung
direkt an den Hybrid angeschlossen sind. Der Testport des
Hybrides ist Uber einen Stufenabschwacher und zusétzlich
18pF belastet, um VSWR=3 zu erzeugen. Mit dem Stufe-
nabschwacher wird der Pegel des MeBzweitons eingestellt.
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Der maximal erreichbare Pegel ist +4dBm. Fig. 18 zeigt das
Ergebnis. Wie erwartet, zeigt die Intermodulation bei kleinen
Pegeln lineares Verhalten, hier dominieren die IM-Produkie
aus den Mefisendern.

Fig 18 Messung der IM dritter Ordnung (Kreise) bei einem
IC706MKIIG mit abgeschaltetem HF-Vorverstarker und akti-
vierter AGC. Dies ist die gleiche Messung wie in Fig. 14, nur
mit schiechter Entkopplung der Mefsender. Die Formel zur
Berechnung des IP3 ergibt (Kreuze) den korrekten Wert
(IP3=-8dBm) nur ein einem engen Bereich, Bei kleinen Pe-
geln dominiert die Intermodulation der Generatoren, bei ho-
hen Pegeln zeigt der Empfanger kein Verhalten dritter Ord-
nung mefr.

Diese Messung zeigt, wie man zu falschen Mefergebnissen
kommen kann und wie die Dokumentation aussieht. Fig. 18
ist ein extremes Beispiel schlechter Meftechnik, wo der Zwei-
tonpegel nur durch einen Pegelsteller am Ausgang eingestellt
wird. Ublicherweise sieht der Hybrid eine wesentlich bessere
Anpassung als hier, die 18pF erzeugen ein sehr schlechtes
VSWR. Es ist bequem, den Zweitonpegel nur mit dem Dam-
fungsglied X in Fig. 16 einzustellen. Wenn diese Dampfung
<10dB wird, verschlechtert sich die Isolation des Hybrides
und man solite mit dem Pegelsteller der MeRsender weiterar-
beiten.

Wenn Messungen ohne Audiospektrumanalysator durchge-
fuhrt werden, sind viele weitere Fehler maglich. Moderne
(Synthesizer) Mefisender erzeugen leicht Nebenwellen im
10kHz- oder 100kHz-Raster. Fig. 19 zeigt das Wasserfalldia-
gramm zweier HPB657TA Generatoren, welche —15dBm in
einen RX144 speisen. Der untere Teil zeigt nur IM3, der obe-
re Teil zeigt zusatzlich Rauschen und Nebenwellen. Hier
wurde ohne Quarznotchfilter gemessen. Die Einfligedamp-
fung des Notchfilters wurde kompensiert, der Pegel des Zwei-
tons ist in beiden Fallen gleich. Man beachte die starken
Nebenwellen 100 und 200Hz unterhalb des Intermodulati-
onsproduktes. Die 100kHz versetzten Generatoren wurden
um 100 und 200Hz verstimmt, um die Nebenwellen von der
IM3-Frequenz zu trennen, Man muf} die Generatoren einzeln
prifen, jede Nebenwelle gehort hier zu einem Generator. Das
Notchfilter entfernt Nebenwellen und Rauschen, das IM3-
Produkt ist auch bei kleinen IM3-Pegeln sauber zu erkennen.
Man beachte, das der IP3 des RX144 nicht extrem gut ist, nur
ca. +25dBm. Ein Pegel, der leicht zu erreichen ist, speziell,
wenn man die Rauschzahl von ca. 16dB beriicksichtigt. Ein
Schmalbandempfanger ist besser hinzukriegen. Eine IP3-
Messung nahe dem Rauschflur ist bei sehr guten Empfan-
gern schwierig. Wenn kein dritter MeRsender verwendet wird,
kann auch die IM3-Messung bei groben Pegeln schwierig
sein.

Fig 19. Zwei HPB657A Mefisender bei 1439498 und
144,0499MHz produzieren IM3 bei 144,1500 MHz (es exis-
tiert ein Eichfehler von 430Hz). Die zweite Halfte des Wasser-
fall-diagramms zeigt das Zweitonsignal hinter dem Nofchfilter.
Nur IM3 ist sichtbar. Die obere Halfte ist ohne Notchfilter
entstanden: Nebenwellen und Rauschen sind nicht wesent-
lich schwacher als die IM3-Produkte bei -82dBc. Die



HP8657A sind nicht geeignet, IM3-Pegel <-70dBc ohne
Spektrumanalysator bzw. etwa <-90dBc ohne Notchfilter zu
messen.

Wenn Klasse-A Leistungsverstarker fir Messungen am
Rauschflur bei sehr guten Empfangern benutzt werden, muf
auf gute Schirmung geachtet werden. Doppelt geschirmte
Kabel und gute Stecker sind zur Vermeidung von Leckagen
und IM in den Verstarkern angezeigt. Zu beachten ist auch
gute Kontaktgabe in Steckern und Schaltern, IM kann auch
an schiechten Kontaktstellen irgentwo im MeRaufbau entste-
hen.

10. Wieviel Dynamikbereich ist notwendig?
Basierend auf den aktuellen Signalpegeln auf 7MHz kam
Peter Chadwick, G3RZP [11] zum Schlufl, daft ein PNDR
(durch Phasenrauschen limitierter Dynamikbereich) von
>100dB und ein ILDR(durch IM limitierter Dynamikbereich)
von >96dB erreicht werden sollte. Diese Werte beziehen sich
auf SSB-Bandbreite, bei der hier verwendeten Terminologie
wird DRz >133dBy;; und DR: >129dB..

Auf den VHF Bandemn gelten die gleichen Zusammenhange,
nur bei anderen Zahlenwerten. Die Anspriche sind ebenfalls
von den ortichen Gegebenheiten abhangig. Es gibt zwei
Arten von Problemen: Auflerbandstérungen und Inbandstd-
rungen. AuBerbandstorungen existieren meist in grofien
Frequenzabstanden, z.B. hervorgerufen von Rundfunk- und
Fernsehsendern mit hoher ERP. Hier sind Vorverstérker und
ihre Filtermafnahmen betroffen. Inbandstorungen werden
von unseren lieben Amateurfunknachbarn erzeugt, hier hilft
kein Filter, nur ein guter Empfanger mit groiem Dynamikbe-
reich bringt uns weiter,

Auf 144MHz haben Funkamateure meist 3kW ERP mit 100W
HF in eine 13dBd Antenne, aber auch 100kW sind nicht un-
(iblich, z.B. 1kW in 4 mittlere Yagis mit 18dBd. Die Empfangs-
feldstarken bei zwei Abstanden unter Freifeldausbreitung sind
in Tabelle 3 dargestellt.

Distanz Tx Rx Ant = Rx Ant =
(km) ERP 13dBd 18dBd
(kW) (dBm) (dBm)
1 3 +2.4 +7.4
1 100 +17.4 +22.4
10 3 -17.6 -12.6
10 | 100 2.6 +2.4

Tabelle 3 Empfangsleistung bei aufeinander ausgerichteten
Antennen auf 144 MHz unter Freifeldausbreitung fiir zwei
verschiedene Abstéande.

Real existieren kaum Freifeldbedingungen. Erdbodenrefiekti-
onen andern die Signalstarken unvorhersehbar, Trotzdem
zeigt Tabelle 3, dall ein Empfanger, der mit -20dBm vom
Funknachbar zurechtkommt, nicht unsinnig ist. Hierfir bend-
tigt man einen DR: von 154dBHz. Dies ist maglich, sollte
jedoch nicht von heutigen Standardtransceivern erwartet
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werden. Weiter erkennt man, dal zwei EME-Stationen in 1km
Abstand zum ungestorten Funkbetrieb einen DRz von ca.
200dB bendtigen! Dies ist heute und auch wohl in Zukunft
nicht realisierbar.

Extreme Inbandstorungen entstehen meist durch ein einziges
starkes Signal, wenn zwei Antennen aufeinander ausgerichtet
sind. Im Gegensatz zur KW ist auf VHF gutes DR; Verhalten
wichtiger als gutes DR Verhalten.

Beim Testen von Empfangemn miissen viele Daten gesam-
melt und prasentiert werden. Es ist wichtig, den DRz bei ver-
schiedenen Frequenzabstanden zu messen, sinnvoll sind 5,
20, 100 und 500kHz. Vielleicht reichen DRs-Messungen bei
5, 20 und 100kHz Frequenzabstand aus, die Datenmenge ist
jedoch viel grofer als bei dblichen Publikationen zu sehen.

Andererseits besteht kein Grund, alle Messungen mit oder
ohne Vorverstarker durchzufiihren, da sein Einfulb leicht zu
erkennen ist. Ein Vorverstarker verringert den IP3 um den
Betrag seiner Verstarkung und den DR: um seine Verstar-
kung minus der Verbesserung der Rauschzahl. Der DR;
sollte nur dann schlechter werden, wenn seine Ursache Blo-
cking ist, bei modernen Empfangern eher uniiblich. Weil der
fiir Publikationen zur Verfligung stehende Raum meist be-
grenzt ist, solite man sich auf die Prasentation der Mefdaten
ohne Vorverstarker beschranken und Verstarkung und
Rauschzahlverbesserung durch Einschalten des Vorverstar-
kers hinzufiigen. Weitere Messungen konnen dann im Web
prasentiert werden (bereits Praxis bei der ARRL).

Eine Analyse ergibt, dalt im VHF/UHF-Bereich eine Konfigu-
ration mit Mastvorverstarker und ausgeschaltetem Gerate-
vorverstarker die beste Losung ist. Jeder emnsthafte VHF-
Funkamateur wird so handeln, ein weiterer Grund, Gerate-
messungen ohne internen Vorverstarker durchzufiihren. Der
Rauschanteil des Mastvorverstarkers, inklusive Rauschen
der Antenne, sollte den Rauschfiur des Empfangssystems
bestimmen. Daraus resultiert eine Anhebung der Empfangs-
signale um ca. 15dB, ein weiterer Grund, warum ein weiter
Dynamikbereich bei VHF/UHF schwerer zu erreichen ist, als
auf KW.

Referenzen
Siehe englischer Text auf Seite 28/29,

Abbildungen (Fig.): Siehe im engl. Text!
TNX

Vielen Dank an Harm, DK3BU, fir die Ubersetzung des
Textes ins Deutsche!




Realisation of a 1-Watt
amplifier for 24.2 GHz
in microstrip technique
(no bonding required)

Philipp Prinz, DL2AM

Most stations active on 24GHz are lacking of suffi-
cient rf power especially for rainscatter operations
and direct QSQ's. This is more that likely the rea-
son for low activity on this band. | hope the situa-
tion will improve with the following article.

In the past building 24GHz amplifiers with more
than a couple of mWatts was rather a task for real
experts. Modern semiconductors though, simplify
the development drastically. Using the chip CHA-
5093TCF, | belive the expense is within an ac-
ceptable range. | used an existing aluminium case
of the size 54mm x 64mm x 20mm.

First | developed the film for the rf board (teflon
0.254mm) and the DC board (FR 4) (fig. 1 and 2).
Then | milled a heatabsorber out of electrolythic
copper with the size of 56mm x 25mm x 3mm.
The bottom side needs to be completely flat and
on the top side we need to mill an anvil of the size
of 3.3mm x 2.29mm with a height of 0.25mm +
SMD-solder 0.05mm equals 0.3mm out of the
copper plate. Now with a sharp knive we need to
cut the size of the avil out of the teflon pcb. In
turning up the pcb over the copper plate the pcb
needs to overlap the plate on all four sides.

On the each side of the copper block we need to
drill 2 holes for the M1.4 screws. Now the pcb will
be adjusted and mounted on the block. If every-
thing fits, then we take the pcb back off the block.
Now we aply a very thin layer of SMD soldering
paste onto the copper plate on the anvil side. Be
very careful and exact with this step. The melting
point of the sloder should be between 150 and 160
degree Celsius. Now we mount the pcb again on
the block and put everything under a presure unit
(figure 3 and 4).The bottom part of the presure
unit must be of copper with a thickness of 8 to
10mm. The top piece of the presure unit should be
made out of silicon. Now you put the assembled
unit onto a temperature controlled heating plate
(fig. 5) with a temperature of 200 degree Celsius,
After about 15 seconds the solder process should
be finished and we remove the unit from the
heater. Now we have a pcb with an attached cool-
ing block. On the edge one can see if sufficient
solder was used. We cut the pcb to the size of the
cooling block, drill four holes for the mounting
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screws for the board and two holes to mount the
block in the case.

Washers will be used with the four screws of the
type M1.4 x 4. For stabilization purposes during
construction we use screws in the 2.2mm-holes.
Also we need to make sure that the cooling anvil
and the pads on the pcb are levelled.

Now we need to mill the cavity for the copper plate
out of the aluminium case. (figure 7). The 50-Ohm
lines of the pcb need to match exact with the SMA
connectors. The SMA's have a teflon isolation of
2.1mm in diameter and an inner conductor of
0.3mm (figure 8). Now comes the most difficult
part, the mounting of the chip itself. | used a small
aluminium bracket with 1mm thickness driled a
hole of 1.8mm into it and mounted that with a
M1.4 x 6mm threaded screw onto the pcb (figure
9). For thermal isolation between the bracket and
the pcb | used a piece of mica. Exact positioning
of the chip is very important. Especially the 50-
Ohm lines need to be exactly parallel. Using a
stereomicroscope for this is of great help (figure
10, 11). Under the microscope we add SMD solder
sparingly to the DC pads, the rf lines and the cool-
ing anvil using a needle. The chip will be properly
positioned using tweezers. Check the proper posi-
tioning before you do the next step, which is put-
ting the copper block on the heating plate for
about 15 seconds. Under the magnifier one can
see a small drop of the chip. Let it cool down

slowly.
Now we can start taking some measurements (ta-
ble), (be aware of static discharge!). | was

shocked when | read about 1.2 Ohms at the rf
input despite the decoupling capacitors inside the
chip’s input and output stages. So | desoldered
the chip again and started a critical survey of the
board. Everything seemed to be normal. No bad
solder joint or short was detected. A telephone call
to the distributor unveiled the mystery: a Y-stub is
implemented at the input stage. So the author
reassembled the chip. Unsoldering the chip had
one good thing, it showed that all pads were prop-
erly soldered.

After this, | continued with soldering the rest of the
components of the rf and the DC board. The
blocking capacitors of the rf board are of the size
of 0603 and need to bemounted to the chip as
close as possible.

When testing the DC part, a maximum voltage of
6 Volts is allowed. The negative voltage should be
adjustable beween -2 and 0 Volts. Now we install
the SMA jacks and the resistors with the ferrites.
The last check verifies that there is no short be-
tween the components. The supply current with
now rf aplied should be approx. 300mA, with a
voltage of —0.4 Volts on Pin 10.

We hook up a wattmeter to the output and apply
power to the input port starting with 5 mWatts.



With no alignments made, | already had 250
mWatts at the output. After the alignment, using
stubs, the power meter showed 1 Watt with an
input of 14.5 mWatts. The maximum achievable
power output is 1.1 Watts (diagram). This equals
to 18 dB gain. The total supply current is approx.
600 mA. No oscillations were noticeable.

The amplifier is very stable. Measurements with
the HP8350 and the HP8757C showed the broad
bandwith of the design and a minimum return loss
of 12 dB.

For construction and testing the author used the
following equipment: a small milling machine, a
small stationary drill (Flott), the HP437 power me-
ter with 28GHz head, HP8350 spectrum analyzer
with 28GHz plug-in, HP8757C network analyzer,
Stereomicroscope from Zeiss and an attenuator
switchable in 1-dB steps.

The layouts for amplifiers for two, four and eight
Watts are already finished!

My thanks go to Dirk Fischer, DK2FD for making
the boards and to Mr. Dillberg, Fa. Richardson,
for the fast delivery of the chips. The cost per chip
is 133 Euro's + VAT,

(Note: See back cover of this issue for a 4¢ picture
of the complete PA)

Data sheet in the web: www.ums-gaas.com

(TMX for the translation to Josef, DCIRK!)
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Fig. 1 and 2: PCB RF and DC

Fig. 3

Fig. 7

Figures / Abbildungen:

1DC PCB (RF4)

2 RF PCB (teflon)

3 Pressure Unit with PCB

4 Pressure Unit

5 Heating Plate

6 RF PCB with cooling block

7 Aluminium case with DC PCB

Fig. 4
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MT24GTWA

A9

Figures / Abbildungen:

8 SMA Connector

9 RF PCB with aluminium bracket

10 RF PCB with aluminium bracket and PA
chip

11 The author at the stereomicroscope

Stuickliste / parts list
for 24 GHZ 1 Watt PA with MT24G1WA
LT 1085 CT
MAX 861 SA
78L05
CHA 5093 TLF
Diode 1 N 4003
Diode BAT 15
Tantal 15 p 20 V
Tantal 15p 10V
Tantal 22 p 16V
Tantal 1 p 16 V
100 nF
120 pf (0603)
10 nf (0603)
1nf
1 k-Ohm
270 Ohm
220 Ohm
330 Ohm
100 Ohm (bedrahtet, wire)
1 Ohm (bedrahtet, wire)
4.7 k-Ohm
Poti 2,2 k-Ohm
Ferro-Perlen
SMA-Buchsen (high-Qualitét)
Durchfiihrungs-C's, Feedthrough-C's
Alugehduse 64x54x20 mm
Kuhlplatte (Kupfer) 56x25x3 mm
PCB 0,25, Teflon
(hergestellt von Dirk Fischer, DK2FD.de)
PCB FR4 (dc)
M 3 x 8 - Schraube
Isolier-Buchse
Glimmscheibe
M 1,4 x4 Schrauben + U-Scheiben
0 M2x6 - Schrauben + U-Scheiben
M 2x5 Senkschrauben fiir Gehausedeckel

6 QPTRRE N N T 15 T % QST SRPRT R 7, TR N W T S (AT G - S S O N T 2% T %, [ G T QR s (A g

O) = (D = = —a

Kits / Modules are available from Dirk Fischer,
www.dk2fd.de

Technische Daten / Technical Data

Betriebsspannung: 6 Volt DC
Frequenz. 24.2 GHz
| ruhe 300 mA

| max 600 mA
Kleinleistungsverstarkung / Gain 19 dB
Eingangsanpassung (S 11) 12dB

Der Artikel wurde in Deutsch in der cg-DL 8/03
verdffentlicht.
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DB6NT s Mixer for 76 GHz:
New semiconductors for the
doubler from 19 to 38 GHz

Jiirgen Dahms, DC@DA

The semiconductors FLR16 and 26 which are used in the
original circuit from DBENT are not produced any more. Even
in JA they are not available anymore. For keeping the mix-
ers's good concept and layout it was necessary to find an
alternative. For the first stage of the doubler, that is amplify-
ing the 20 mW of the first doubler (9,5 to 19 GHz), a
NE32584C is used that is quite common for different pur-
poses among microwave amateurs. An FHX 35 would be
even bettef but also this type is not produced anymore. The
semiconductor's development goes more and more to chip
versions with bond technique. "Normal" amateurs are not
able to handle this. For the second doubler stage an
MGF4953A was chosen. This one is better for higher fre-
quencies than the NE32584C due to it's dimensions. Both
transistors are available at cheap prices on the market. For
the feed-through-contacts of the PCB at the source pads very
thin copper Folie should be used.

Before gluing the PCB into the aluminium box all parts have
to be soldered on the PCB. This is necessary because of the
specific dimensions of the MGF4953A, who has pad connec-
tors on the bottom side. Hint: For better soldering of the tran-
sistor both source pads could be connected before by careful
soldering with a cut gate or drain connector from an old
MGF1302 which should have 2mm more length on both
sides. With this the soldering of the transistor into the PCB is
much more easy. The gate and drain pads of the transistor
have a little nose that easily takes the solder (Lot) from the
microstrip of the PCB.

For tuning this doubler you have to take your time. Anyway
already before any tuning there is small power on 38 GHz
detectable on the output of the high pass.

The coupling capacitor between both stages can be built from
a small square from 0.125 RT / Duroid 5870 (doppelseitig
kaschiert). This is available for a cheap price. In order not to
destroy the transistors the given values from the DC plan
should be kept.

OE2JOM obtained with this construction 6mW output on 38
GHz. But he used an FHX35 in the first stage.

| tried something else: There is also a new development with
the mixer diodes. Now there are more and more so called Flip
Chip Diodes. They don't have the usual connectors like the
so far used Beam Lead Diodes but two pads on the bottom
side of the diode.

The Flip Chip Diode MA4E1318 from M/A-COM that | use is
an anti-parallel GaAs-Schottky-Barrier-Diode that is equiva-
lent to the HP diode HSCH9251 that was used before in the
mixer. Having almost the same dimensions (ca. 630um) this
diode is suitable for all mixer and multiplier layouts from
DBENT. Of course this type of diode is also produced as a
single diode.

AR

This diode is rated with a maximal LO power of +20dBm
(100mW 1) and also a maximal RF power of +20dBm. So this
diode will be very interesting also for other experiments in the
microwave bands.

In a first experimental circuit a DSB noisefigure of 13dB was
obtained on 76 GHz. Different from the HP diode, which has
noise minimum at about 4mW LO level, the M/A COM diode
could use much more LO level. At the moment | make tests
on 47 GHz, because it is more easy to produce high LO
power here than on 23,5 GHz.

| hope that these hints will inspire the Microwave amateurs!
Finally | want to thank DBENT, DJ6BU, DFSLN, DG1KBF and
OE2JOM for their help. 73 + 55 de DC@DA

Mischerbaustein von DB6NT fiir 76 GHz:
Neue Halbleiterbestiickung fiir den
Frequenzdoppler von 19 nach 38 GHz

Jiirgen Dahms, DC@DA

Die in der Originalschaltung eingesetzten Halbleiter FLR 16
u. 26 werden nicht mehr hergestellt, Restbestande gibt es
selbst in JA nicht mehr. Bei Beibehaltung des bewahrten
Mischerkonzeptes sowie des Platinenlayouts musste ein
Alternative gefunden werden.

Fir die erste Stufe im Doppler, die die ca. 20mW des 1.
Dopplers (9,5 nach 19 GHz) verstarkt, wird der inzwischen fir
viele Anwendungsfélle von den Mikrowellenamateuren ge-
brauchliche NE 32584C eingesetzt. Vorteilhafter ist sicher der
FHX 35, aber auch dieser Typ wird nicht mehr gefertigt. Die
Entwicklung auf dem Halbleitersektor geht immer mehr zu
Chipversionen fiir Bondtechnik uber, dies ist fiir den norma-
len Funkamateur nicht handhabbar. Fir die zweite eigentliche
Dopplerstufe fiel die Wahl auf den MGF 4953A, er ist fur hohe
Frequenzen aufgrund seiner Gehauseform besser geeignet
als der NE 32584C. Beide Halbleiter sind zu giinstigen Prei-
sen auf dem Markt zu bekommen.

Beim Durchkontaktieren der Platine an den jeweiligen Sour-
ceflachen sollte sehr dinne Kupferfolie verwendet werden.
Die Bestiickung der Platine ist vor dem Einkleben in das Alu-
Gehause vorzunehmen, dies ist wegen der besonderen Bau-
form des MGF 4953A erforderlich. Seine Anschliisse sind als
Pads unter dem Gehause angeordnet. Tipp: Zur Einlot- Er-
leichterung kénnen die beiden Sourcepads vorher mit einem
abgeschnittenen und (ber beide Pads gelegten Gate- oder
Drainbeinchen eines alten z, B. MGF 1302, vorsichtig mitein-
ander mit feiner Lotspitze verlttet werden, die Enden lasst
man ca. 2mm auf jeder Seite Uberragen. Damit fallt das Einlo-
ten in die Platine wesentlich leichter. Gate- u. Drainpads
haben dagegen eine nach oben gefihrie kleine Nase und
nehmen deshalb sehr leicht das Lotlot von der Steifenleiter-
bahn an.

Beim Abgleich dieses Dopplers darf Zeit keine Rolle spielen,
es ist aber schon vor dem Abgleich sofort eine kleine Leis-
tung auf 38 GHz am Ausgang des Hochpasses messbar.

Das Koppel- C zwischen beiden Stufen kann mittels einem
kleine Quadrat aus 0,125er doppelseitig kaschiertem RT /
Duroid 5870 selbst hergestellt werden, zumal auch noch der




New semiconductors for DB6NT's muiltiplier from 19 to 38 GHz
Neue Halbleiterbestiickung fiir DB6NT-Frequenzdoppler 19 nach 38 GHz

4x1N4148

+6V 3av

68
. ck ‘ 25V
20 mW 4 mw
s | T
19 GH ‘ NE 32584C I MGF 4953A 38 GHz

HH =™ H

Schematische Darstellung der DC- Beschaltung (Drainspannungen bei Ansteuerung / Musterauf-
bau). Lage der Bauteile aus Nahaufnahme des Dopplers ersichtlich. — Circuit diagram / DC plan

76 GHz- Mischerbaustein DB6NT mit neuer Halbleiterbestiickung im 2. Doppler
76 GHz Mixer from DB6NT with new semiconductors in the second doubler

Detailansicht des neuen 2. Dopplers von 19 nach 38 GHz
The second doubler from 19 to 38 GHz in detail
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Preis niedrig ist.

Um ein Zerstoren der Transistoren zu vermeiden, sollten die
angegebenen Werte im DC- Plan unbedingt eingehalten
werden! OE2JOM ermeichte mit diesem Aufbau eine Aus-
gangsleistung auf 38 GHz von 6mW, verwendete allerdings in
der ersten Stufe einen FHX 35.

Ein weiterer Versuch wurde von mir durchgefiihrt: Auch bei
den Mischdioden zeichnet sich eine Entwicklung

hin zu sogenannten Flip Chip Dioden ab, diese haben anstel-
le von Anschlussfahnen der bislang verwendeten Beam Lead
Dioden zwei Anschlusspads auf der Unterseite des Dioden-
korpers.

Die von mir eingesetzte Flip Chip Diode MA4E1318 von M/A-
COM ist eine anti- parallel geschaltete GaAs Schottky Barrier
Diode aguivalent der bislang im Mischer dblich eingesetzten
HP- Diode HSCH 9251. Bei fast gleichen Gehauseabmes-
sungen (cd. 630pum ) ist sie fiir alle Mischer- u. Vervielfacher-
layouts von DBBNT geeignet. Natirlich wird dieser Diodentyp
auch als Single Diode gefertigt. Bei einer zuldssigen LO Po-
wer von +20dBm (100mW !), sowie einer ebenfalls zulassi-
gen RF Power von +20dBm wird sie fir viele Versuche im
Mikrowellenbereich noch interessant werden.

Im ersten Versuchsaufbau wurde eine Doppelseitenband-
Rauschzahl von 13dB auf 76 GHz erreicht. Anders als die
HP- Diode, die bei ca. 4dmW LO Pegel ihr Rauschminimum
hat, kann die M/A COM Diode wesentlich mehr LO Pegel
gebrauchen. Ein entsprechender Versuch wird z.Zt. von mir
auf 47 GHz durchgefiihrt, da es hier sicherlich einfacher auf
23,5 GHz ist, grofe LO Leistungen zu erzeugen.

Die hier gemachten Hinweise sollen zur Anregung fir die
Mikrowellenamateure dienen!

Abschlieffend mochte ich mich bei DBENT, DJ6BU, DFILN,
DG1KBF u. OE2JOM fir ihre Unterstiitzung bei den vielen
Vorversuchen bedanken. 73 + 55 de DC@DA

Update / Correction for the
23/13cm LNA (puBuS 3/2003)

by Goran Popovic, AD6IW

Here is the values of the parts for 23 / 24 GHz
LNA with ATF55143, 3V / 20 mA.

The measured gain is 15,4 dB, and noise is 0,7
dB, for single stage LNA.

C1,C6=22pF

C2,C5=10pF

R9 =15 Ohm

Source strips are 0,9 mm long

L1 =37 nH, wire 0,51 mm, 5mm long, hairpin (U
shape)

L2 =6 nH, wire 0,51 mm, 6mm long, hairpin

Errata:

In the Dubus magazine vol.32 3/2003, in the L&S
band article on the schematics on the page 11, on
the right side of the ATF 55143 transistor, it should
be 3V /20 mA, instead 3V / 30 mA.

The value of the parts is incorrect, L3 (L5) should
be 22 nH for 1.3 GHz, 11 nH for 2.3 GHz, (Murata
LAON21A22NJ04, LQN21A10NJ04) or air wounded
inductor, installed through hole on the bottom side
of the board.

Capacitor C11, (C14) should be 510 pf for 1.3
GHz or 270 pF for 2.3 GHz.

Thanks to Daniel Uppstrom SM6VFZ who notified
that, and for his suggestion.

Goran Popovic, AD6IW, ad6iw@goran.us

Microwave Parts

Henning Weddig, DK5LV

From EIC there are new microwave amplifiers
available. They were developed for use in base-
stations and repeaters for commercial use e.g.
GSM and UMTS. For sure they are interesting for
use on amateur radio frequencies, too.

All devices are available in QFN16 and SOIC-8
packages and work with 5 V.

Here the list of new chips:

Von der US Firma EIC werden neue Verstarker-
ICs fiur 2.4 GHz bzw. 100 bis 2300 MHz angebo-
ten. Sie sind im QFN 16 und SOIC-8 Geh&use
erhéltlich und arbeiten mit 5 Volt. Hier die Liste:

ECPO053 0.5 Watt Power Amplifier
2.1 -2.7 GHz, 28 dBm P1dB, 43 dBm OIP3
13 dB linear gain, Class A or AB

ECP103 1.0 Watt Power Amplifier
2.1-2.7 GHz, 30,5 dBm P1dB, 46 dBm OIP3
11 dB linear gain, Class A or AB

ECP203 2.0 Watt Power Amplifier
2.1-2.7 GHz, 32,5 dBm P1dB, 48 dBm OIP3
10 dB linear gain, Class A or AB

ECP100 1.0 Watt Power Amplifier
100 - 2300 MHz, 31 dBm P1dB, 47 dBm OIP3
12 dB linear gain @1.96 GHz, Class A or AB

ECP200 2.0 Watt Power Amplifier

100 — 2300 MHz, 33 dBm P1dB, 49 dBm OIP3

11 dB linear gain @1.96 GHz, Class A or AB
Address from the manufacturer:

EiC Corp. A Subsidiary of EiC Enterprises, Ltd.
45738 Northport Loop West, Fremont, CA 94538
Phone: (510) 979-8999 Fax: (510) 979-8902
www.eiccorp.com

Die Bauteile werden in DL durch laut Internet ver-
trieben von: Distributor for DL:

BFI Optilas (Avnet), Bosch Str. 12, D-82178
Puchheim.

PDF datasheets of all devices are available from
EIC on the web.




Microwave Europe
Simon Lewis, GM4PLM / DL4PLM

Welcome to another column. This summer and autumn has
seen some of the best tropo conditions for many years. A
culmination of high summer temperatures and stable weather
has allowed some excellent ducting to form and many tropo
records have been broken this summer. As | write this an-
other high pressure has formed over Europe and some excel-
lent DX is being worked from between central and Northemn
Europe. | hope that many of you were able to take advantage
of the conditions. A change of job for me has led to some new
adventures this summer. GM4PLM is the proud owner of
DL4PLM and | am working extensively in the beautiful city of
Disseldorf, Germany. | am working as a divisional IT Man-
ager for Vodafone in the city and will be spending long peri-
ods of time here but still keeping my family and QTH in Scot-
land for the moment. My time in Europe has coincided with
some of Europe's finest radio events and it was a great
pleasure to make my first visit to Weinheim this year. | have
also visited the huge fleamarket at Interradio in Hannover and
will be paying visits to many of the big events in Europe
across this coming year. | look forward to meeting many more
of you as the year progresses, but a big thanks to all in DL
who have made me so welcome. Vielen Dank! There is a lot
of important information this issue and for me sad news re-
garding the RSGB and its Microwave Committee, however
we have an English saying ‘every cloud has a silver lining'
and there is also good news where this is concerned so its
not as depressing as we first thought! So enjoy this issue and
keep sending in those reports, particularly of the activity over
the past few months!

Weinheim 2003

| was lucky enough to make a pilgrimage to Weinheim this
summer and was really pleased be the whole event. It really
is a 'must see’ date in the calendar. Unfortunately it was a
flying visit as | had limited time that weekend but next year
will be much better and | intend to camp at the radio club and
enjoy the great socials that take place over the whole week-
end. The whole weekend is packed with exhibitions, lectures,
talks and practicals. The fleamarket is crammed round the
edges of the school under the porch areas. Luckily as this
years event suffered from some heavy rainscatter throughout
the Saturday! The inside of the school was packed with ama-
teurs from the early hours. | arrived with Stefan DG9BDI and
his XYL Heike, at 0930 after a 3.5 hour drive and an early
start from Osanbruck in JO42. The event was already well
underway with plenty of activity on the ‘flohmarkt’ and trade
stands. During the day | was lucky enough to meet up with
Michael DBENT and have a quick chat in between customers
on his very busy stand. | also picked up a new 6cms trans-
verter whilst talking to Michael, No | could not resist! The
highlight of the day for me was the Scatter Meeting Dinner on
the Saturday afterncon. This was held in the lounge of the
local sports club across the road from the school where the
event takes place. About 30 microwavers met, talked and

generally made merry for a few hours over some good food
and even better Bier. | met a great many of you and was
pleased to make so many new friends during the visit. We
travelled home to Osnabruck in the evening, through some
huge thunderclouds and heavy rain again! The team at
Weinheim should be justly proud of such a spectacular
weekend, thanks team, you did a great job and | look forward
to next year when | can spend some longer periods with you
and the great Bier!

UK 24 GHz EME Recordings

Brian Coleman G4NNS sent me the following email ‘Further
to your article in RadCom re W5LUA and OK1UWA's QSO on
24GHz EME, you might be interested to hear the recording
made of an earlier test where W5LUA is calling OK1UWA, as
recorded at G4NNS. | was not able to listen in on their first
QSO0 but | was able to hear both sides of a second one. Goto
http:/'www.microwaves.ds!.pipex.com/moon/moon.htm.

for the explaination and recording on John GBACE's web site.

Martlesham Microwave Roundtable

Martlesham is the UK's biggest regular annual microwave
event and is held at the British Telecom laboratories at Mart-
lesham near Ipswich. This year will probably remember as
the best ever and certainly the most attendance from over-
seas for a long time. Overall the two day event on 8-9 No-
vember saw 100+ microwavers gather together at Ipswich for
one of the best events in Europe. | persuaded Klaus DL3YEE
and Stefan DGIBDI to make the trip across to the UK with
me taking advantage of some cheap flights on Ryanair from
Diisseldorf to London Stantead. The weekend started for us
on the Friday night with Klaus and Stefan arriving for a radio
hams sleepover at my QTH in Disseldorf. An interesting
evening watching the amazing DX on the ON4KST chat (the
2m band was open from the UK to Russia!). Stefan had
bought me a present of a Waffle iron and soon we were tuck-
ing into a pile of waffles, cold Bier and DX! Klaus telephoned
his XYL later and commented ‘so there are 3 guys in a flat in
Diisseldorf and your making Waffles!........ how much Bier
have you been drinking!!!" We decided to get some sleep at a
late hour (or was it early!!) before the flight. Next morning |
had trouble getting Klaus awake!... it seemed that Stefan had
been snoring most of the night and Klaus had to get up a
number of times during the night and tell him he was '59S
now shut up!! The fun never stopped the whole weekend!
After an uneventful flight out we collected the hire car and
drove to Ipswitch. This was Klaus's first visit to the UK and he
couldn't get used to driving on the right side of the road, as
opposed to the wrong side in Germany! The Saturday eve-
ning had a social dinner in the hotel we were stopping at and
around 30 well known microwavers attended for an excellent
meal and then retired to the bar after. Sunday morning saw
an early start for breakfast and a short drive to the labs at BT
just a few miles away from Ipswich. A small fleamarket was in
progress when we arrived and after a short look round we
went to see the first of the fine lectures that also took place.
As always refreshments were available through the day,
which is a good job given all the talking that goes on! It was a



good opportunity for the overseas amateurs (9H1LO, DBBNT,
DFBNA, DGY9BDI, DL3YEE, DL4MUP, DL4PLM, EI2AK,
WB5VJB, PA4ZP, ON6UG) that had travelled over to meet
everyone and they enjoyed themselves so much they want to
come back. | can see me bringing a bus next year! | also had
the pleasure to meet some new friends as you can see in the
picture, West met East when fellow DUBUS Columnist, Kent
Britiain WB5VJB and | met up. Kent is a real ‘larger than life’
character and kept the whole event buzzing with his infec-
tious Texan humour. Thanks Kent! We finally left around
15.30 and made our way back to Germany, tired but happy!
Thanks to all at the BT labs radio society who organised the
event and all the team that made the event such a success.
See you all next year!

RSGB Microwave Committee goes QRT

As of the 31 Dec, the Radio Society of Great Britain's Micro-
wave Committee will cease to exist. These changes were
unexpected, and came as a complete shock to the committee
members involved. The termination of the committee work
also raises a number of questions about the commitment of
the RSGB to the bands above 1 GHz. There are still many
issues to be solved such as ongoing support of the many
RSGB run microwave contests and activity periods. However,
there is another solution! The UK Microwave Group was an
alternative group in the UK that supported UK microwavers,
although a much younger organisation. Support for this group
was at a low last year with the group struggling to form a
committee but at Martiesham this year the AGM was very
different, mainly due to the situation with the termination of
the RSGB Microwave Committee and many difficult decisions
were discussed during the meeting. It was decided that the
UKuG must support the UK microwavers if microwave radio is
to continue the growth this area of the hobby has seen over
the past 2 years in the UK. At the AGM a number of RSGB
microwave committee members were elected as committee
members of the UKuG and it was decided that the UKuG
would accept the business activities that the committee was
previously responsible for. The new committee is now in
touch with the RSGB to discuss the handing over of key ac-
tivities but it is almost certain that the Microwave Newsletter
will get handed over to the UKuG to run, of course still edited
by Peter Day G3PHO, who we are indebted to for his hard
work. | am also a committee member of the new group, being
a previous member of the RSGB Microwave Committee as
editor of the Microwave Column in the RGSB RadCom
magazine and will continue to be the link between the organi-
sation and the many magazines and columns | write for. It is
now essential that subscribers of the Microwave Newsletter
support the new committee of the UK Microwave Group to
ensure that we continue to have a voice in the UK. | will have
more news next time round as the situation is very fluid even
as | write this, but you can be assured that the new UKuG
committee is 100% committed to the UK microwave fraternity.
Latest info on www.microwavers.org More news next time.

Beacon News
GB3SCX on 10GHz and GB3SCK on 24GHz (new QRG

24048.905 MHz) are now operational again. Both have had
their output power increased, raising them by at least 10dB
over their previous nominal values.

GB3SCC on 5760.905MHz has had its keying duty cycle
adjusted - it now transmits callsign and location details, fol-
lowed by plain carrier for a total of 45 seconds, then stops
transmitting for 15 seconds to assist thermal management.
This keying sequence will be maintained over the winter
period and will be reviewed when warmer weather returns in
the spring. As an precautionary measure, the beacon com-
plex will remain operating with its mast at reduced height for a
while, until the continued reliable operation of the rebuilt units
is assured. This reduced height should only affect propaga-
tion in a north west / south east direction due to slight shad-
ing from local trees. Reception reports should be sent to John
Fell, GOAPI QTHR. Amateur microwaves are still going strong
in spite of RSGB's attempt to stifle all representation of our
use of frequencies above 1.3GHz , with their abolition of the
Microwave Commitiee. Andy G4JNT

Activity Reports

10368MHz, DF5JJ, JO43XO0, wkd:

From the lowest point of Hamburg (9m ASL plus 22m AGL)
worked from April-Sept. 120 QSOs over 300km, from thats 35
QS0s over 500km. In Juli-Contest without any RS and nor-
mal tropo condx wkd 4800km and 270km/QSO. In June-
contest with only 3 hours random-RS made 11000km with
320km/QS0. Several RS-QS0s in 400km range worked with
only 250mW. Now in 2 years of activity worked 50 squares/
11 WAEs. By extract of the Log:

8.5.03 RS: DL3MBG/JN67 (655), DD7MH/ING8 (634),
OESVRL/INTS (648), OK2ZZ/JN8I (614)

2.6.03 RS: G3LQR/JO02 (594)

8.6.03 21 x RS (170-500km) and 16 x Tropo (55-450km)
16.7.03 RS: FIPYRIN19 (737), FEDWGIIN19 (719),
FEDKW/IN18 (761), G3LQRIJOO2 (594), DF6IY/INAB (538)
17.7.03 RS: SMOLCB/7 /JO86 (516km), SM7ECM/JOBS5 (308)
20.7.03 RS: G3XDY/JO02 (611)

21.7.03 RS: G4EAT/JOO1 (662) 27.7.03 RS: OK1VAM/IINTS
(517), OK1AIY/JOT70 (500), SP3JBIJOS1 (588), SPAMPB/
K003 (700)

9.8.03 TR: SM6HYG/JO58 (527), OZ1DOQIP /JO55+56
23.8.03 TR: BSTRS/P /JQ75

www.df5.de has important weather-links (radars, airpres-
sure, inversions, aurora etc.) also WWconvers/DXcluster-
portals.Station: 55cm-Offset (AZ/EL), 20W at feed, 1db NF
Skeds via GSM 0049-172-4071061. CU de Peter, DF5JJ.

FE6DKW JN18cs wkd on 10GHz > 800km
08/06/03 OE3WOG JN67rs 838km Rain-Scatter

10/06/03 OK1JKT JOB0ok 812km Rain-Scatter

10/06/03 DM2AFN JOB1wb 871km Rain-Scatter

10/06/03 DF2CK JO71ad 885km Rain-Scatter

10/06/03 DGORG JO62jv 871km Rain-Scatter

16/07/03 DK1KR JOS53hw 818km Rain-Scatter

08/08/03 0Z5BZ JO450u 918km Tropo

08/08/03 LABLCA JO59fe 1274km 1st F/LA on 3cm Tropo
10/08/03 DK1KR JOS3hw 818km Tropo




12/08/03 OZ1CTZ JO460e 949km Tropo
06/11/03 SMBESG JO67cc 1140km Tropo
06/11/03 SM4DHN JP60va 1452 km Tropo
10W/90cm Nf 0,7db. TNX for infol!

14XCC (JN63GV) wkd on 10 GHz (yr 2003) > 500km
08/05 14.50 OK1JKT JOBOOK 54s 54s CWRS 21729
08/05 14.52 OE5VRU5 JN78DK 57s 555 CW RS 21522
08/05 20.50 DJIKP JO40JJ 57s59sCW RS 355 776
08/05 20.55 DKBZP JO40JJ 57s59s CW RS 355 776
08/05 21.28 DLBNCI/P JOSOVA 57s 555 CW RS 355 683
09/05 13.12 OK1JKT JOBOOK 575 57s CW RS 5728
09/05 13.58 DF9RJ JNBBGS 54s 545 SSB RS 8 542
09/05 14.18 OESKE JN78DF 555 565 CW RS 8500
09/05 14.18 OESVRL/5 JN78DK 59s 59s CW RS 9522
11105 15.30 OK2DL JNBSAO 579 579CW RS 20688
13/05 16.54 DCBAL JN6BJJ 555 555 SSB RS 350 501
25/05 20.03 OE5VRL/5 JNT8DK 57 55 SSB RS 16 522
29/05 13.10 OK1JKT JOBOOK 595 595 CW RS 5729
30/05 17.27 OK1JKT JOBOOK 595 595 CW RS 5729
30/05 18.58 DLGNCI JOS0VI 555 555 CW RS 10 720
31/05 12.58 OK2ZZ JN89BO 595 595 CW RS 25 691
31/05 13.46 OK1JKT JOBOOK 535 535 CW RS 10 729
02/06 14.58 OESVRL/5 JN78DK 59s 59s SSB RS 12522
06/06 17.39 OK2ZZ JN89BO 53s 555 CW RS 22691
07/06 14.00 OM3LQ JNBBOI 599 599 CW RS 30612
07/06 14.01 OE5VRL/5 JN78DK 59 53 SSB RS 30522
07/06 14.47 OE3WRA/4 JNSTKT 58 59 SSB RS 5549
07/06 16.21 OESKE JN78DF 559 579 CW RS 5500
07/06 17.20 OESMKM JN78CJ 59 59 SSB RS 5516
07/06 17.41 OM3ID JNBSLE 559 599 CW RS 5586
07/06 19.34 OL2R JN89BO 59 59 SSB RS 20691
07/06 19.38 OK1JKT JOBOOK 559 558 CW RS 20 729
07/06 19.47 OK1VHF JO70EB 599 539 CW RS 20699
07/06 20.42 OKIVAM/P JOBOLJ 579 579 CW RS 20723
08/06 10.52 OM3TUC/P JNBSLE 559 579 CWRS 20586
08/06 10,56 S51VJ JN7BJE 529 599 CW RS 20310
08/06 13,24 OEBGMQ/8 JNGBNS 59 59 SSB RS 20 323
11/06 15.51 OK1JKT JOBOOK 575 57s CW RS 5 729
11/06 15.55 DLENCI JOS0VI 595 555 CW RS 5720
11/06 15.57 DB6NI JOS0VI 59s 555 CW RS 5720

11/06 16.27 DBGNT JOS50VJ 555 555 SSB RS 5725
11/06 16.56 DL1ATI JO50QU 555 555 CW RS 5778
11/06 17.06 DLBNCR JOS0VI 59s 595 SSB RS 5720
12/06 14.52 OK1JKT JOBOOK 529 539 CW maybe real 729
13/06 16.40 OK1JKT JOBOOK 59s 59s CW RS 25729
13/06 17.20 OESVRLI5 JN78DK 595 595 SSB RS 25522
14/06 15.38 DL1GGT JN58A0 53s53s CW RS 350 557
14/06 16.16 OESVRL/5 JN78DK 555 525 CW RS 330 522
14/06 16.30 OK2ZZ JNBIBO 555 57s CW RS 0691
14106 17.00 F6BSJ JN26ES 525555 CW RS 31 713
14/06 17.25 HBIAMH JN37QD 595 595 CW RS 31 541
14/06 18.24 OESKE JN78DF 59s 59s SSB RS 20 500
14/06 18.30 OK1JKT JOBOOK 59s 59s CW RS 10 729
17/06 18.16 OESVRL/5 JN78DK 595 59s SSB RS 16 522
17/06 19.23 OK1JKT JOBOOK 555 555 CW RS 22729
23/06 14.22 OK1VHF JOTOEB 57s57s CW RS 18 699
23/06 15.12 DL3ALI/P JOS0JP 59s 59s SSB RS 355 762

23/06 15.13 DL2ALI/P JOS0JP 595 59s SSB RS 355 762
23/06 16.35 DG1MFI JN58HW 59s 59s SSB RS 355 579
23/06 16.40 OK2ZZ JNBYBO 59s 59s SSB RS 356 691
23/06 17.11 S57EA JNT6HE 59s 59s CW RS 355 303
23106 17.15 DLENCO JN59MI 565 565 CW RS 355 617
25/06 16.20 OK1JKT JOBOOK 57s 58s SSB RS 7729
25/08 17.27 HBSAMH JN37QD 57s 55s SSB RS 320 541
03f07 18.16 OESVRL JN78DK 59s 59s SSB RS 19522
05/07 18.00 OESVRL/5 JN78DK 539 024 519015 CW 522
09/07 17.02 DLBNCI JO50VI 53s 52s CW RS 8720

16/07 14.45 OESVRL/5 JN78DK 57s 555 CW RS 328 522
16/07 16.04 DLENCI JOSOVI 53s 53sCW RS 333 720
16/07 16.12 DF6IY JN48EU 52s 555 CW RS 340 637
16/07 17.51 OE8MI/8 JN6BUO 59s 59s SSB RS 18 315
16/07 18.34 OK1VHF JOT0EB 54s 54s CW RS 10699
16/07 18.40 OK1AIY/P JO70SQ 55s 555 CW RS 10788
21/07 15.31 OK1JKT JOBOOK 55s 555 CW RS 10729
21/07 16.45 OK1AIY/P JOT0SQ 55s 55s SSB RS 12788
22/07 19.10 OK1JKT JOBOOK 55s 55s CW RS 9d 729
23/07 16.06 OE5VRL/5 JN78DK 529 523 CW 522

26/07 13.27 OE5VRL/5 INT8DK 55 54 SSB pure tropo 522
28/07 14.20 OK1JKT JOBOOK 57s 57s SSB RS 12729
28/07 15.55 OK1AlY/P JO70SQ 55s 55s SSB RS 12788
28/07 16.39 OE5VRL/5 JNT8DK 59s 59s CW RS 32 522
04/08 18.38 OK1JKT JOBOOK 55s 555 CW RS 15729
06/08 16.53 OK1AIY/P JOT0SQ 53s53sCW RS 22788
08/08 14,00 OK1JKT JOBOOK 539 529 CW real tropo 729
15/08 15.59 OK1JKT JOBOOK 56s 56s CW RS 12729
16/08 17.50 OE5VRL/5 JN78DK 59s 59s SSB RS 20 522
16/08 17.59 OK1JKT JOGOOK 57s 57s SSB RS 20729
18/08 13.30 OESVRL/5 JN78DK 59s 59s SSB RS 10 522
18/08 15.05 OE3LI JNBBEC 585585 CW RS 30 553
23/08 18.30 OE5SVRL/5 JN78DK 539 529 CW tropo 522
29/08 13.35 OESVRL/S JN7BDK 59s 59s SSB RS 11522
29/08 14.30 S51JN JNBSWM 59s 59s CW RS 12522
tnx for the Log, Claudio! QTF QRB

WAS5VJB and GM4PLM at Martlesham 2003

Regards, Simon
New email: SimonM.Lewis@vodafone.com



A Review of the 2003
Rain Scatter Season

Jonathan Naylor, G4KLX

Introduction

After the record breaking of 2002, 2003 would have to be
something special to match it. In many ways 2003 was an
exceptional year, record temperatures throughout Europe,
the largest solar flare for over ten years and some excellent
tropo conditions. The 6cms tropo record was broken in
November. However 2003 was in many ways also an
exceptional year for rain scatter and the high temperatures
did appear to make a difference to the results.

Records

An important rain scatter record was broken in 2003; the
24GHz record was extended to 404kms in a contact
between PAOBAT and DB6NT on the 3 June. It has been
hypothesised that considerably greater distances should be
possible on 24 GHz than even on 10GHz by scattering from
the ice crystals to be found at the top of the storm clouds. It
may only be now with the increased availability of 500mW
or more on 24GHz that this potential mode will be proved or
disproved. Whether ice crystal scattering (IS?) or rain
scatter is used, the increased activity on 24GHz surely
means that records will continue to be broken on this band.
The third best rain scatter contact ever made was done on
10GHz in a contact between G4EAT and OK1JKT at
892kms on 30 May. This contact like the record breaking
ones between DLENCI/DB6NI and IW4CJM/4 last year; was
a mixture of tropo and rain scatter; in this case there was
definitely tropo at the English end across the North Sea
towards Holland/Belgium. It is therefore not possible to give
an authoritative maximum distance possible using purely
rain scatter on 10GHz, but the figure of 800kms is still
widely held to be true.

Finally again on the 3 June a couple of excellent rain scatter
contacts were made on 3.4GHz between PAOWWM and
PASDD with DM2AFN at 664kms and 645kms respectively.
Considering the increased loss on 3.4GHz relative to
10GHz, this shows that there must have been a very
intense storm cell along the path. It is a little surprising that
the 5.7GHz rain scatter record was not broken at the same
time. The most recent region 1 DX records can be found at
[1].

Logs

| had hoped to download all of the 10GHz DX spots that
appeared on the DX Cluster during the course of the rain
scatter season in order to build up a more complete picture
of the overall season. | also made a request that people log
the dish headings (QTF) of all of their contacts so that the
positions of the best scatter points could be plotted. It is
already known that the Black Forest and Munich attract
storms and | wanted to prove this and to find other
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locations.

Unfortunately my circumstances changed considerably
during the course of the year and coupled to a failure of my
e-mail address, | missed a great deal of data. | had hoped
to discover a place where archives of DX Cluster data are
kept, but so far | have failed. It would appear that a valuable
resource is being lost.

Therefore like the 2002 season, | have decided to use a
selection of logs from individuals, and wherever possible |
chose the same people as last year in order to allow for
comparisons. The logs | used are from DFENA [2], DG1VL
[3], FEDRO [4], OK1JKT [5], OZ1FF (6], PASDD [7], and
SMTECM. When collated and with duplicates removed they
provide data for 523 unique rain scatter contacts containing
162 unique callsigns in 166 unique locators.

Analysis

A breakdown of the numbers of people active in various
countries is interesting (see table 1 below). Note that the
number of people here is less than the 162 stated above
since | am counting individuals and so no distinction is
made between F1PYR and F1PYRJ/P for example.

Country Number
Austria

Belgium
Croatia

Czech Republic
Denmark
England
France
Germany
Hungary

Italy
Luxemburg
Netherlands
Poland
Slovakia
Slovenia
Sweden
Switzerland

w
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Table 1: Countries and Numbers
of 10GHz RS Operators

As in 2002 the country with the most active rain scatter
operators is Germany. The Czech Republic is again
represented strongly. What is most striking is that the
activity from the east is increasing; Croatia is new in the list.
It is also nice to see Belgium represented also. What is
perhaps most striking is the reduction of activity in
Switzerland, at least one rain scatter operator has left the
country since the last rain scatter season, but a reduction
from four active operators to only one is still shocking.
However the eastwards spread of microwave activity is to
be strongly welcomed, balanced with the fact that numbers
appear to be static if not declining in Western Europe. The
distribution of the stations active in this years rain scatter
season can be seen in figure 1 below.
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Figure 1: Rain Scatter Stations

The modes in use again favoured CW over SSB, The gap
between SSB and CW wasn't as pronounced as it was last
year, the figures are given in table 2 below:

Mode Number
Ccw 331 (67%)
SSB 160 (32%)
FM 3(<1%)

Table 2: Mode and Number of Contacts made

Mode data was not available in all of the logs and so there
is a difference in numbers between these figures and the
total number of contacts analysed.

It will be interesting to see what the long-term effect of the
abolition of the morse test has. Microwaves are one of the
few areas of the hobby where a working knowledge of CW
is still extremely important, although it is possible that some
future data mode may eventually take over. This is likely to
happen on microwave EME in the foreseeable future, and
any mode able to withstand the frequency spreading of a
10GHz EME path is also likely to work on a rain scatter path
also, not to mention for aurora on the VHF and UHF bands.

The start of the rain scatter season was at around the same
time as last year, this is reasonable since the exceptional
weather didn't start until later. A plot of the best DX by date
(figure 2 above) shows some exceptional DX being worked
early in the season much more so than in previous years.
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Figure 2: Maximum Distance by Date

In at least a few cases this was because of some tropo
paths tying into rain scatter paths thereby extending the
worked distances. Therefore the rain scatter itself may not
have been exceptional for the time of year. It is difficult to
tell.

The effect of the very hot weather was that the rain scatter
season did not have the same shape as last year, where
the maximum distance showed a trend towards a peak in
late May and early June and fell away again towards the
end of the season. The pattern in 2003 was that the peak
did still appear at the same time, but there was no falling of
the quality towards the end, instead after a dip in mid-July
the maximum distances increased again.

A plot of maximum distances versus time is interesting
(figure 3 below). Compared to the 2002 season, some
exceptional distances was being worked earlier in the day.
The traditional pattern of a summer’s day was disrupted by
the temperatures often not dropping below 30 deg C during
the night in central Europe, and the difference in
temperature between the night time lows against the day
time highs was not so obvious. This meant that storms
could occur at almost any time during the day and night, it is
even possible that people going to bed missed some very
good DX in the early momning. It would appear that rain
scatter DX was available at least during the hours that most
operators were awake; the idea that rain scatter was only a
late afternoon/evening phenomenon was not true in 2003.

Analysis of rain scatter contacts by time has the same
problem as it did last year in that people have to go to work
and this necessarily affects the distribution of the contacts.
This usually means that relatively few contacts were made
before people returned from work from 1500 UTC onwards.
At least one major rain scatter operator is retired and was
able to make use of the conditions that were available
during work hours. Considering the graph in figure 3 above,
figure 4 below shows that the distribution of the numbers of
contacts versus time was unexceptional.
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Figure 4: RS Contacts by Time

The final graph shows the number of contacts (fig. 5 below).
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Figure 5: RS Contacts by Date
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The obvious peak in activity in late May and early June
coincided with the best conditions. Strangely the numbers
of contacts made when conditions were still good later in
the summer were well down on the peak. | am at a loss to
explain this discrepancy. Maybe family holidays or sun
bathing in the garden are the reason?

Conclusion

The exceptional nature of the weather in 2003 made the
2003 rain scatter season quite unlike the more conventional
summer of 2002. Therefore it is not possible to spot overall
trends apart from the numbers of operators and the times
that they are operational.

So what will happen in 20047 With the steadily improving
activity in the east and on the higher bands, we can look
forward to another excellent year. Whether any records will
be broken is another question, but | would not be surprised
if the 24GHz record were not to be bettered. The logging of
the bearings in rain scatter contacts on the DX Cluster is
very important, and people should make an effort to record
this data in their loghooks as well as it could provide a
useful basis for scatter point analysis at some later date.

For those rain scatter operators who have web pages,
please consider making copies of your rain scatter logbooks
available on your web pages. This would allow for more
detailed analysis by third parties at a later date as well as
allowing others to see what can be done. With the
increased pressure on our microwave spectrum it is
important for us to be seen to using the bands.

The data collected and collated to generate the graphs and
maps in this article are available from me, by sending an e-

mail to jonathan@mechserv.demon.co.uk, the data from the

2002 article is also available.

| think now would be a good time for someone else to take
over rain scatter reporting for next year. | no longer live in a
country with good rain scatter and even then | am too far
from the centre of activity to be able to report it accurately. |
hope that someone in mainland Europe can take over the
writing of this report and provide fresh insight into activity.
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Microwave Japan
Editor: Seiji Fukushima, JH6RTO

Hello. Microwave Japan is back here, edited by
Seiji, JHERTO also MORAA, AHOR, 7L3TDU etc. |
am QRV on 3.5-MHz to 10-GHz bands using the
domestic call signs and love going dx vacations to
sign MORAA in the CEPT countries and AHOR in
US. There are three topics in this issue; National
Microwave Field Day, aircraft reflection QSO using
JT44, and rain scatter communications.

National Microwave Field Day

Forth and fifth of October was National Microwave
Field Day, which was scheduled to make a lot of
microwave QSOs. The exact static is not reported
but the number of teams and participants seems
more than 50 and 80, respectively. Moreover, a
10-GHz amateur television group, DSOTV, also
made portable operation in Korea and made some
successful ATV QSOs with Japanese amateurs.
Neither domestic nor world distance record has
not been reported unfortunately although all the
participants enjoyed their own operations. Finally
see the JATELV Nori's antennas below in Fig. 1,
covering from 5.7 to 249 GHz. Nori's records were
151 km on 1.2 to 47 GHz. (JHBRTO)
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Aircraft reflection on VHF

Every flying object could be a reflector for ama-
teurs. Airplanes, which are the most popular ob-
jects in the air, have not been used eagerly. Let us
see how powerful they are and how ineffective
they are for communications.

The heights of typical objects are about 10, 100,
and 1000 km for aircraft, meteor and a LEO, re-
spectively, as shown in Fig. 2. The maximum cov-
erage is only 700 km when the aircraft is used as
the reflector. It is much smaller than the meteor
scatter and LEO coverage. Furthermore, the sig-
nal reflected from the aircraft is extremely weak
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and, then, the new digital mode JT44 should be
employed.

Received Power (dBm)

Distance (km)

Fig. 3

Figure 3 is a received power vs. distance of two
stations. The dependencies of the free-space and
aircraft reflection (AR) communications are plotted
under the assumptions P=50W and TX/RX an-
tenna gain=10dBi. The free-space loss is propor-
tional to the distance squared inversely, while the
AR loss to the distance to the power -4. We have
to note that the received power is about 80 dB
lower than the free-space communication even at
100 km. It may be the audible levels or below
them. In spite of the JT44's sensitivity, the maxi-
mum coverage is estimated to be a few hundred
km. Our experiments were carried out success-
fully, as follows:

TL1RLL, Rick, in PM95s0 wkd:
08-15 1005 JASBOH PM86fa 2m O O AR 282km

JA9BOH (PM86fa) wkd on 2 m:
8/15 2110 7L1RLL -16dB 282km PM95so AR



8/15 2205 JI1OQR -9dB 27 1km PM95ql AR
8/16 2004 JI4POR -12dB 308km PM6&5nk MT
8/17 1854 JH10QW -13dB 343km QMO06co AR
8/19 1932 JN1AYV -BdB 281km PM95ri AR
8/21 1958 7L3TDU -18dB 272km PM95gk AR
8/24 2216 JM1LQW -4dB 263km PM96ga AR
8/30 1918 JHOQBI -17dB 224km PMa7ff AR
9/06 1910 JK1XDX -9dB 295km PM95ur AR
9/07 1907 7M2PDT -15dB 360km QMO05ek AR
9/11 1942 7K1MFR -14dB 282km PM95sp AR

JH10QW, (PM95ux) wkd:
08-17-1858J JASBOH PM86fa 2m AR 293km

JHOQBI, Kame (PM87ff) wkd:

06-28 1326Z JO1QOR PM95ql 2m MT(?) 211km
08-30 1041Z JASBOH PM86fa 2m AR 224km
09-20 1424Z JM1SZY PM95so 6m AR 205km

JM1SZY, Aki (PM95so0) wkd;

08-30 1400Z JF3IPR PM74gs 6m 465km
08-30 1510Z JA3BXC PM74su 6m 373km
09-18 1616Z JK7IKU QMO9ar 6m 460km
09-20 14247 JHOQBI PM97ff 6m 205km
09-23 1517Z JM1KNQ/3 PM74lp 6m 431km
09-24 1536Z JH3VJIV PM74lp 6m 431km

JA1JBF (PM96xq, 12el cross-yagi, 50 W) wkd:
10-11 1043Z JA9BOH PM86fa 2m MT 323km

JATBJP, Satoru (QM07gn, GP, 30 W) wkd:

9-27 0804Z 7TM2PDT QMO05ek 70cm AR(?) 236km
9-27 0859Z TK4VPV PMS85sp 70cm AR 231km
9-28 0829Z 7L3TDU PMB5gk 2m AR 258km

10-5 1307Z JM1LQW PM96ga 2m AR 200km
10-6 1220Z 7L3TDU PM35gk 2m AR 258km
10-18 1104Z JM1LQW PM96ga 2m AR 200km

JM1LQW, Mac (PM96qa, 9 or 10el-yagi, 50 W) :
8/24 22:05 JA9BOH PM86fa 2m 263km
9/20 18:39 JHSTJT PM86hk 2m 252km
10/5 22:05 JATBJP QMO07gn 2m 200km

7M2PDT, Shu (QM05ek) wkd:

9-7 1009Z JA9BOH PM86fa 2m AR 360km

9-27 0804Z JATBJP QMO07gn 70cm AR(?) 236km
10-25 0440Z JH3QYM PM74jw 70cm MT 511km

7L3TDU, Seiji (PM95qK) wkd:

08-21 1045Z JAIBOH PM86fa 2m AR 272km
08-29 12552 JHOQBI PM871f 2m AR 215km
10-06 1221Z JA7BJP QMO7gn 2m AR 258km

AR: aircraft reflection, MT: mountain reflection
and/or refraction.

Finally, | would suggest you to beam your antenna
to the main paths of commercial aircraft, but not to
your partner. (JHBRTO)

Rain scatter communications
Honshu Island (AS-007), the main island of Japan
is divided into the Pacific plain and the Japan Sea
plain by its backbone mountains with heights of a
few thousand metres, as shown in Fig. 4. Unlike
European weather, we have some rainy seasons.
We see rain clouds from spring to autumn and
snow clouds in winter above these mountains.
Some amateurs learned that both plains can be
reached on the microwave bands when they use
the clouds as reflectors. We have been carried out
beyond-line-of-sight experiments on 5.7- and 10-
GHz bands between Tokyo and Nagano, although
the paths were not identified.
Now the path is believed to be rain scatter (RS)
since these communications are always possible
when it is heavily raining over the mountains. In
addition to the Tokyo-Nagano path, the 280-km
Tokyo-Niigata path was experimentally confirmed
on FM and SSB in summer last year. The style
has changed like this. After the daytime work, the
amateurs see the weather map or rain cloud map
first. When the rain clouds are present, they make
schedule using the internet chat system. The
communication seems impossible without rain
clouds.
This year a new path between Tokyo and Toyama
was found. They are 270 km apart. When we per-
form these QSOs, both direct our antennas to the
clouds, mostly to Niigata. It is quite interesting and
this proves that the path is RS.
g
. Niigata —
1 . \
Toyama “tffb__, Rain cloud

JAS JA1

. Nagano | =

T i .%_k'fb
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The communications are easier on 5.7 GHz than
10 GHz. Typical stations use 0.2 or 2 Watts into
70-cm to 5-m dishes on both bands. Now we
learned that RS 5.7-GHz communications are
possible up to 500 km using 60-cm dishes with 2-
watt output power. We also succeeded in 10-GHz
300-km QSO using only a 38-cm dish and a 80-
cm dish. JA1CUY, JA1CYC, JH1IGC, JI1CBS,
JATJIN, JHICFT, and JAORUZ are known as ac-
tive RS microwavers. (JAOBQU, Itsuo)
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Editor's address: S. Fukushima, 1182-2506 Hase,
Atsugi 243-0036 Japan. Email jh6rto@m.ieice.org
URL http://www.geocities.com/ahOr/
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Microwave USA
Editor: Kent Britain, WA5VJB

Microwave Update went very
well in Seattle this year,
N7UZ did a wonder job
hosting the conference to
120 microwave enthusiasts.
During the banquet WA1ZM3
was presented the WAB or
Worked All Bands award for
completing QSO's on all 27
US Ham bands

Fig.. WA1ZMS Receive the
Worked All Bands award.

| would like to invite everyone to Dallas, Texas next year
where W5LUA and | will be hosting Microwave Update next
year. -

The big excitement this fall was the tropo opening of Sept 6th
and 7th. With a cold front coming down from Canada stalled
by Hurricane Fabian in the Atlantic, still air settled over the
Eastern half of the US. This tropo opening was very unusual
in that it mainly supported VHF QS0s. The 144 MHz Tropo
record changed hands 7 times that weekend with the QSO
between KASDWI (EM12) and K1WHS (FN53) at 2567 km
being the longest. On 222 MHz the Tropo record changed
hands 4 times when on Sunday morning WB5AFY (EM04,
West Texas) worked K1ETO (FN42, Maine) on 222 MHz at
2421 km as the band faded. They tried on 432 MHz, but no
signals were heard. This Lower VHF QSO, higher frequency
nothing, pattern was typical though out the weekend. 432
MHz signals were typical weak and few 900+ MHz QSO's
have been reported. There were no new records above 222
MHz. To give a better idea of the low frequency natures of
this duct, there were several 1800+ km tropo QSQ's on 50
MHz. | am personally in pain! | was in New York that week-
end on business and missed all but a 1400 km QSO on 222
MHz in the last hours. But in flying back from New York, | got
to actually see the duct for nearly 3 hours. A thick 'milky’ layer
at about 3000 m that just went on, and on, and on.

Tropo path on Sept. 67/7" 2003

Fig.: WA1ZMS's new Machined Dish

There has also been a lot of activity on the US millimeter
bands. WA1ZMS has had two new 300mm dish computer
machined just for his millimeter stations and used his new 53
dBi antennas for 2 new records.

While for US Records 300 GHz and 400 GHz are considered
the same band, on the 11th of November WA1ZMS/4 worked
W4WWQ/4 on 403 GHz extending the world 400 GHz record
from .05 to .521 km using his reworked 241 GHz stations.
Humidity was 82% at the time of the QSO with a 14.4 dB/km
atmospheric loss. Look for this record to be extended this
winter.

Back on 241 GHz, on the 14th of November Brian extended
the US and World DX record from 11.4 km to 34.9 km.
Weather conditions varied across the length of the path, but
the average atmospheric loss was about .75 dB/km. At times
the signals peaked 13 dB above the noise, so we can cer-
tainly expect this record to be extended again during the low
humidity of winter.

Fig.: 241 GHz Stations

Again | look forward to meeting you next year at Microwave
Update here in Texas. WASV.JB

Dates
CSVHFS Conference 2004 will take place from July 22 to
25" in Mississauga (Ontario, Canada)
The 30th Annual Eastern VHFIUHF Conference will be held
next April 16th to the 18th, at the Radisson Hotel in Enfield,
Connecticut.



Sporadic E
144 MHz - Reports

July 22", 2003

DK5YA's comment for this day
| don't have no idea whats happening to
the ionosphere this year ... Almost a
copy of yesterday but much sironger
and longer. MUF didn't drop that much
during the night from July 21. to July 22.
causing very high MUF in the early
moming both above Italy and again in
the east. First 144 MHz opening took
place at 0722 UT from EA and F to LZ
and SV while LZ was working into UA3
the same time!! MUF dropped at 0800
below 144 but was still extraordinary
high. BC from almost everywhere in
Europe all around in each and every
country, 87-108 MHz was more HF than

VHF -). At 1347 UT 144 was open again
from DL to YO and a bit later also from
OZ to LZ, YO and TA. Later G made
UAG on a QRB beyond 3.000 Km,
GBVHI was the winner with 3032 Km,
congrats Req!! That's pretty rare across
the continent. This opening was really
huge and extremely widespread with
very high MUF again reaching 250
MHS59 from LY to DL!! Last sigs very
late in the evening at 2021 UT, Take a
look at the map, it says more than thou-
sand words....

DD3DJ, JO31ol, wkd:
1412 YO4BZC KN45ak
1415 YO4RDK KN35wk
1455 YO3DMU KN34bj
hrd USYM, YO4GJH KN34xg,
YOT7IV KN24, ERSAA KN45cw,
YO3JW KN34 looking for UK
only. YOs mostly spread off
widely from .270 to .330 which
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makes life always a bit easier in
the ES-business. Rig 100W +
7ele Flexa on gfk-portable mast.

DD1WKS, JN39kk, wkd:

1657 RW3PF KO93CD 2199 Km
1711 RU3FA KOB4RU 2152 Km
1716 UABWM KO72QI 2011 Km
1717 RK3WWF KO72Ql 2011 K.

DDOVF, JO61wb, wkd:

1704 UU2JJ KN75AA 1635km
1715 UU1DX KN74BV 1648km
1718 UY50N KNBICW 1578km
#510/546

1956 RX1AX KO59EW 1425km
1956 YL3AG KO26AW 930km
MUF 207MHz!

2001 RW1AW KP50EB 1434km
| calculated muf above 144 MHz
to Georgia twice, but nothing hrd
or seen in cluster. Nobody QRV
there?
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DX Opportunities in 144 MHz
Double Hop Sporadic E
Ground Reflection

of Radiowaves

by Lakes and Rivers

by Volker Grassmann, DF5AI

1. Introduction

The analysis of the May 20, 2003 DX opening be-
tween the Canary Islands and central Europe mo-
tivates the assumption of double hop sporadic E
propagation supported by inland lakes and major
rivers [2]. This assumption results from the geo-
graphical position of the corresponding path cen-
ters which appear to correlate to the location of
inland water areas, see Fig. 1.
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Fig. 1. In the May 20, 2003 dx opening, sixty per-
cent of the radio paths between the Canary Isles
and central Europe show midpoints which appear
to correlate to the position of lakes and major riv-
ers in Spain and Portugal [2].

The path midpoints are calculated geometrically

and are considered the radiowaves' footprint on |

the Earth's surface resulting from the zigzag pro-
pagation path between ground and the E layer of
the ionosphere. However, there remain many o-
pen questions and alternative interpretations need
to be considered at this stage of investigation (see
the detailed discussion in [2]):

the findings in Fig. 1 may be considered acci-
dental results, i.e. VHF double hop propagation
supported by lakes and rivers does not exist at all

the circles in Fig. 1 may be interpreted geo-
graphical footprints of ionospheric skip propaga-
tion, i.e. radiowaves in grazing incidence were
reflected by the surface of inland water expanses

which finally extended single hop sporadic E into
double hop propagation (“radioglint” in inland lakes
and major rivers)

alternatively, the circles in Fig. 1 may be inter-
preted reflection points on the topside of tropo-
spheric inversion layers, i.e. the radiowaves were
actually not reflected at ground level but in a
height of a few hundred meters above ground;
those inversion layers are assumed local features
above lakes, dams and major rivers enabled by
high ground temperature, calm winds and by rela-
tively low water surface temperature
Evidently, there is a need for further studies and
investigations to clearify the possble importance of
large inland water expanses in VHF double hop
propagation. Using the BeamFinder analysis soft-
ware [3], the author extrapolated the results in [2]
to other European regions to identify potential dx
opportunities in very long distance propagation
and to encourage experimental studies by other
radio amateurs [1]. In this paper, we present the
findings which appear most important in the Euro-
pean sector.

In the following, we will discuss dx target maps
centered to the position of a lake or a major river,
respectively (see Fig. 2). The presentation allows
radio amateurs identification of their individual dx
opportunities in double hop sporadic E. First, the
user iden-tifies his or her personal geographical
position with respect to the shown circles and ra-
dials. In the next step, the user identifies the cor-
responding dx target on the same circle but in op-
posite direction. Note that the geographical posi-
tion of the corresponding sporadic E clouds is not
shown in this example but will appear in the follow-
ing dx target maps.
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Fig. 2. Dx target map: the circles range from
1.300 to 1.900 kilometers in steps of 100 kilome-
ters corresponding to dx QSOs of 2.600 to 3.800
kilometers with the lake at the path center. The
radials denote multiples of 15° azimuth.



2. The Lake Balaton in Hungary

Providing a surface of 591 square-kilometers, the
Lake Balaton is considered an interesting candi-
date for supporting watersur-face reflection in
double hop propagation, see Fig. 3. Note, for
example, possible dx QSOs between the south-
ern tip of Norway and the island of Crete. The
corresponding sporadic E clouds are found above
east Germany and Macedonia (see the corre-
sponding shading in the map center). Udo,
DKS5YA, reports this type of dx event in 144 MHz
when attending a 144 MHz dxpedi-tion to Crete in
1998 [6]. Alternative dx opportunities are identi-
fied between south-west France and the Crimea
Peninsula, north-west Spain and the eastern
Ukraine, north-western Russia and Tunisia and
even, corresponding to very long dx QSOs, from
Northern Ireland and the Isle of Man to Cyprus.
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Fig. 3. Dx target map corresponding to the Lake
Balaton, Hungary. The area in the center denotes
the reflection points in the E layer of the iono-
sphere (105 km).

3. The river Dnieper in the Ukraine

About 200 kilometers south-east from Kiev, the
river Dnieper extends into large water areas pro-
viding a very attractive scenario in double hop
sporadic E, see Fig. 4. In fact, we may find dx op-
portunities, for example, from northern Germany
and southern Denmark towards the Caspian Sea.
Reinhard, DK1KO (JO53), reports this type of long
distance sporadic E QSOs in 1989 (to UD6DE,
LN40) and also in 1990 (to UD70DE, LN40) [4].
Joachim, DLBHCZ, mentions a quite large number
of radio amateurs in northern Germany and sou-
thern Denmark having reported similar QSOs to
the city of Baku at the west coast of the
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Fig. 4. Dx target map corresponding to the river
Dnieper in the Ukraine.

Caspian Sea [5]. It is perhaps also worth to men-
tion that the river Dnieper provides even more dx
opportunities because large water expanses exist
in many places along its course from Kiev towards
the river's mouth at the Black Sea.

| 4. Concluding comments
-| Dx target maps (more examples of similar maps

are available in [1]) may be used in various appli-

— cations, for example:

analysing very long distance QSOs from recent

I years and decades

modifying our strategy in sporadic E radio op-

| eration by keeping an eye on antenna directions

which correspond to the azi-muth of large lakes,
water reservoirs and major rivers

finding attractive geographical positions when
deploying radio beacons in remote areas

planning dxpeditions in the high season of spo-
radic E

Reviewing the results in [2], sixty percent of the
claimed double hop QSOs from May 20, 2003
appear to correlate to the position of inland lakes
and large rivers, see Fig. 1. On June 22, at least
two supporting examples are found from a total
number of five QSOs (see fig. 9.2 and 9.3 in [2]).
The QSO from July 8 provides little support to the
hypothesis of radioglint in inland lakes but the July
9 dx opening strongly supports this model be-
cause two QSOs are almost perfectly aligned to
the position of lakes (associated with dams), an-
other one hits a major river and only one QSO
provides no or little support to the hypothesis (see
fig. 9.8 in [2]). In this paper, we finally identified




three historical examples of double hop sporadic E
with path centers corresponding to the position of
the lake Balaton and to the river Dnieper, respec-
tively.

All this results indeed provide indications but can-
not provide reliable verification of the hypothesis.
More very long distance QSOs beyond 3.000 ki-
lometers need to be analysed in more detail.
Surprisingly, nine percent of the radio amateurs
listed in the Dubus 144 MHz Toplist report spo-
radic E QSOs exceeding 3.000 kilometers (see [2]
and the references therein), i.e. observation data
seems to be available but detailed information on
this QSOs is not available to the author, unfortu-
nately. Do we chase a phantom or is there an in-
teresting phenomenon in 144 MHz very long dis-
tance propagation, we haven't identified in full de-
tail? Perhaps, the sporadic E saison 2004 can
provide some answers
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Dx-Méglichkeiten bei 144
MHz ,,Double Hop“ Spora-
disch-E-Verbindungen -
Reflexion von Radiowellen
durch Binnenseen

und Fliisse

von Volker Grassmann, DF5AI

1. Einleitung
Die Untersuchung der Dx Offnung vom 20. Mai
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2003 gibt Anlafk zu der Vermutung, dass Binnen-
seen und grolere Flisse die Ausbildung von
double hop Sporadisch E Verbindungen unterstiit-
zen kénnen [2] (Anm.: wir verwenden hier die
auch im deutsch-sprachigen Amateurfunk ge-
brduchlichen Begriffe “double hop" und “single
hop" zur Kennzeichnung von Doppel- und Einfach-
Spriingen Uber die E-Schicht). Diese Vermutung
resultiert aus der geografischen Lage der Stre-
ckenmittelpunkte, welche mit der Position von
Binnenseen wund Flissen Ubereinzustimmen
scheinen , siehe Abb. 1 im englischsprachigen Teil
dieses Aufsatzes.

Die geometrisch berechneten Mittelpunkte der
Funkstrecken werden dabei als die Reflexionsge-
biete auf der Erdoberflache gedeutet, die aus dem
zickzack-formigen Verlauf der Funkwege zwischen
dem Erdboden und der ionosphérischen E-Schicht
hervorgehen. Jedoch bleiben viele Fragen derzeit
noch unbeantwortet weshalb in diesem frilhen
Stadium der Untersuchungen auch abweichende
Interpretationen zugelassen werden missen (sie-
he die ausfihrliche Diskussion in [2]):

es kann nicht grundsétzlich ausgeschlossen
werden, dass die in Abb. 1 gezeigten Ergebnisse
zufélliger Natur sind, d.h. der vermutete Zusam-
menhang zwischen double hop Sporadisch E und
Binnenseen ist in Wirklichkeit gar nicht vorhanden

die in Abb. 1 gezeigten Ergebnisse kénnen als
Reflexion von Radiowellen auf der Wasseroberfla-
che von Binnenseen und gréferen Flissen ge-
deutet werden, welche single-hop Sporadisch E
Verbindungen zu double-hop Verbindungen erwei-
tern

die Ergebnisse werden alternativ als Reflexi-
onsgebiete auf der Oberseite troposphérischer
Inversionsschichten gedeutet, d.h. die Radiowel-
len werden nicht am Erdboden sondern in einigen
hundert Metern Héhe (iber dem Erdboden gespie-
gelt; die Inversionsschichten werden als lokale
Phanomene (ber Binnen- und Stauseen und Flis-
sen vermutet, hervorgerufen durch hohe Lufttem-
peratur bei vergleichweise niedrigen Wassertem-
peraturen und schwacher Luftbewegung

Offenbar besteht die Notwendigkeit weiterer Un-
tersuchungen, um die Bedeutung von Binnenge-
wéssern bei double-hop Spora-disch E Verbin-
dungen zutreffend bewerten zu kénnen. Mit Hilfe
der BeamFinder Software [3] hat der Autor die
Ergebnisse aus [2] auf andere geografische Ge-
biete in Europa Ubertragen [1]. Es besteht die
Hoffnung, auf diese Weise weitere Dx Mdglichkei-
ten zu identifizieren und experimentelle Untersu-
chungen anderer Funkamateure anzuregen. In
diesem Aufsatz werden die fur den européischen
Sektor wichtigsten Ergebnisse vorgestelit.



Dabei werden sogenannte “Dx Target Maps" dis-
kutiert, welche jeweils einen Binnensee bzw. einen
Flul als Ausgangspunkt besitzen (Abb. 2). Funk-
amateure kdnnen anhand der gewdhiten Darstel-
lung ihre individuellen Dx Méglichkeiten auswer-
ten. Da-bei identifiziert der Anwender zunéchst
seine geografische Position bezlglich der einge-
zeichneten Kreise und Richtungsstrahlen. Im
nachsten Schritt ermittelt der Anwender die geo-
grafische Position potenzieller Dx Stationen, in-
dem er auf dem gleichen Kreisboden, jedoch in
gegensatzlicher Richtung, den entsprechenden
Gegenpunkt feststellt. In Abb. 2 ist die geografi-
sche Lage der zugehdrigen Sporadisch E Wolken
nicht eingezeichnet, in den nachfolgenden Abbil-
dungen sind diese Hinweise jedoch zu-sétzlich
vorhanden.

2. Der Plattensee in Ungarn

Mit einer Oberfliche von 591 Quadratkilometern
wird der Plattensee als ein wichtiger Kandidat zur
Unterstitzung von double hop Sporadisch E Ver-
bindungen angesehen. Man beachte beispielswei-
se magliche Dx Verbindungen zwischen der Sid-
spitze Nor-wegens und Kreta, siehe Abb. 3. Die
entsprechenden Sporadisch E Wolken befinden
sich einerseits Uber Ostdeutschland und anderer-
seits Uber Mazedonien (siehe die eingezeichnete
Flache im Zentrum der Abbildung). Tats&chlich
berichtet Udo, DK5YA, von einer solchen 144 MHz
Banddffnung anlailich seiner Teilnahme an einer
Kreta-Dxpedition im Jahre 1998 [4]. Weitere Dx
Mdglichkeiten bestehen zwischen dem Sidwesten
Frankreichs und der Krim, Nordwest-Spanien und
der ostlichen Ukraine, dem Nordwesten Rufllands
und Tunesien und sogar, was einer sehr langen
Dx-Strecke entsprache, von Nordirland und der
Isle of Man nach Zypern.

3. Der Dnjepr in der Ukraine

Etwa 200 Kilometer stdostlich von Kiew weitet
sich der Dnjepr in ein ausgedehntes Staugebiet,
welches fiir die hier diskutierten Untersuchungen
sehr interessant erscheint, siehe Abb. 4. So finden
wir Dx Moglichkeiten von Norddeutschland und
dem Suden Danemarks zum Kaspischen Meer.
Reinhard, DK1KO (JO53) berichtet von entspre-
chenden Sporadisch E QSOs in 1989 (zu UD6DE,
LN40) und in 1990 (zu UD70DE, LN40) [4]. Joa-
chim, DL8HCZ, betont, dass eine grofiere Anzahl
vergleichbarer QSOs von Norddeutschland und
Stddanemark nach Baku an der Westkiste des
Kaspischen Meers verwirklicht worden sind [5]. Es
solite erwdhnt werden, dass der Dnjepr noch wei-
tere Dx Mdglichkeiten bietet, denn entlang seines
Verlaufs zwischen Kiew und seiner Mindung am
Schwarzen Meer befinden sich weitere ausge-
dehnte Wassergebiete.
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4. SchluBRbemerkungen

Die Dx Target Maps (weitere Beispiele sind in [1]
verflgbar) kénnen auf vielfaltige Weise angewen-
det werden, zum Beispiel:

zur Analyse von Dx Verbindungen aus vergan-
genen Jahren

im praktischen Funkbetrieb, beispielsweise
indem man Antennenrichtungen im Auge behalt,
welche dem Azimut groRerer Binnenseen,
Staubecken oder FluRldufen entsprechen

zur Auswahl attraktiver Standorte fur zukinftige
Funkbaken in entlegenen geografischen Regionen

zur Planung von Dxpeditions in der Sporadisch
E "Hochsaison”

Faltt man die Ergebnisse aus [2] zusammen, so
stimmen sechzig Prozent der vermuteten double
hop Verbindungen vom 20. Mai 2003 mit der Posi-
tion von grolteren Seen und Flissen (iberein (sie-
he Abb. 1). Am 22. Juni findet man mindestens
zwei QSO-Beispiele bei insgesamt finf QSOs,
welche die hier diskutierte Hypothese unterstitzen
(siehe Abb. 9.2 und 9.3 in [2]). Das QSO vom 8.
Juli kann kaum als unterstitzendes Beispiel gel-
ten, hingegen bedeuten die QSOs vom 9. Juli eine
erhebliche Unterstiit-zung des Modells: zwei
QSOs entsprechen nahezu exakt der Position von
Stauseen, ein anderes trifft prazise einen grofie-
ren Flu und nur ein QSO liefert keine oder eine
nur geringe Ubereinstimmung mit Binnenseen
oder Flissen (siehe Abb, 9.8 in [2]). In diesem
Aufastz wurden ferner drei ,historische” Beispiele
von double hop Sporadisch E QSOs erwahnt, wel-
che mit der Positi-on des Plattensees bzw. mit
dem Dnjepr korrespondieren.

Dies Ergebnisse liefern wichtige Hinweise, eine
zweifelsfreie Bestatigung der Hypothese ist damit
jedoch noch nicht erreicht. Es sollten wesentlich
mehr 144 MHz Langstreckenverbindungen iber
3000 km Entfernung untersucht werden. Erstaun-
licherweise berichten neun Prozent der in der Du-
bus 144 MHz Toplist aufgefihrten Funkamateure
von 144 MHz Sporadisch E Verbindungen (ber
3000 km, d.h. entsprechendes Beobachtungsma-
terial solite bereits vorliegen, leider konnte der
Autor die Einzelheiten die-ser QSOs jedoch nicht
in Erfahrung bringen. Jagen wir gar ein Phantom
oder liegt hier ein interessantes Ausbreitungsphé-
nomen vor, welches wir noch nicht richtig erkannt
haben? Vielleicht wird die kommende Sporadisch
E Saison 2004 einige Antworten liefern kénnen.

Die Literaturangaben sind im englischsprachigen
Abschnitt aufgefihrt.
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FAI News

Reports, Info, Theory
Editor: Dom Dehays, FEDRO
fédro@aol.com

There were many FAI QSOs during the 2003 season, but
unfortunately very few reports received, First of all, tnx very
much for those who reported. Most of the openings this year
occured just after a big Es opening. Some scattering points
were located in unusual places, giving FAl in northern EU, like
it was predicted in this column previously, | am especially
interested to get more reports from the 21 July event.

CT1FOH, IN50ra, June 5" 2003:

2200  Hrd several Italian stations  QTF 50°

I4YNO, JN54kp, June 4™ 2003:
2115 CT1FAK IN50 QTF 285°

IC8FAX, JN70, June 24" 2003:

2008  UTSJCW via KN16 scp
2008 RZ6BU send me via clx hrd report FAl 53F
2026  S53J (S57EA op) worked above Budapest he has

85Az, 5 elv, Me: 30/35 deg

PE1LWT, JO22va, wkd on ? :
2045 I2FAK  JN45  52F 51F H/H QTF 75

S53VV, JNB5um, July 22™ 2003:
1656  RA3AQ KOB5SP QTF :35-40 deg
1735 URSLX KOTOWK QTF : 48 deg

S55AW, July 5™ 2003:

1733 UUnd

UT5JCW, KN64sn, wkd:

21/07/2003

19:26  12FAK  JN450B 59F 57F CW QTF300 1912

19:29  S57TTW JN75EX 57F57F CW 1504

19:32 S53AC JN76MC 55F 55F CW 1452

19:34  |Z4BEH JN5S4WL 55F 55F CW 1712

19:36  S51MQ JN75NT 55F 55F CW 1446

19:40  14YNO JN5S4KP 55F 55F CW 1788

19:47  S51WX JN750S 55F 55F CW 1440

19:49  S57LM  UN76HD 55F 55F CW 1485

19:50  ICBFAX JN70CN 55F 55F CW 1640

19:53  S57EA IN76HE 55F 59F CW 1485 1
19:57  S51DX JN76CC 55F 57F CW 1517

20:02 |4RHP JN54QL 55F 57F SSB 1751

20:07  YUIEV KNO4CN 55F 55F CW 1055

20:16  IK4DRY JNG4BL 55F 43F CW 1693 3
20:20  DL3RBH JNGBIK 55F 55F CW 1646

20:24  I1Z1BPN JN35VG 55F 55FCW 2020

YO3FFF, KN24nd, July 5" 2003:
? 7X2MA  JM16 QTF300°

Hardcopy of cluster spots:

04/06/2003

2131 HB9JAW144290 CT1FAK 51 FAlin JNAT QTF :250
2121 14YNO 144290 CT1FAK FAI JN54>IN50 QTF 280-290
2118 |Z4BEH 144290 CT1FAK 55 JNS4WL FAI

2125 IK1SPR 144290 CT1FAK IN53QO 55 in JN34 QTF 280
2110 CT1FAK 144290 4RHP FAI!

propagation tests.

FAI on the Edge

Southern France to Madeira
Volker Grassmann, DF5AI
In this column, FAI opportunities are shown which might encourage radio amateurs to conduct unusual dx

””"m Q.E . e
= = n‘:\’,
i itgi' »i
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¥ b
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W o1 md
¥ e g i TNy
e i 5 b

= BeamFinder 2.1.1 ?_(c) Y. Grassmann, DFSAL, 2000-2003 ==
FAl scatter volumes (dot marks) corresponding to the path F - CT3.

Please contact the author at feedback@df5ai.net or, alternatively, visit the www.df5ai.net webpage if a detailed
analysis of antenna headings, target areas and scatter volumes is required in serious propagation tests.
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2-m-EME News

Editor: Heinz Borde, DM2BHG

e-mail: heinz.borde@t-online.de

- ARRL-EME.-Contest 2003

- Around 2-m-EME

- News and information's

- Once there was a chat about...

(Chats of common interest in INTERNET)
- Treasury INTERNET

ARRL-EME-Contest 2003

First Part

-ALTEB: | did hear a few stations last night even thru the
aurora: Big guns WS5UN, KBBRQ, I2FAK, station at .044,
KJ9I, maybe CTIDMK at .033.... and of course KL7X (my
neighbor 100km NE of me). After 0930 the Moon rose out of
my beam so quit.

-N1BUG: On 2m | was hearing many stations, but having
some difficulty getting their attention even though | am run-
ning good power and everything looks fine with the system.
Probably just conditions. Worked only 3 sta-tions. By 0600z,
operator starting to break down! Unit complaining about being
extremely cold when going outside to move antenna. By
0700z, operator wrapped in multiple layers of clothing and
shaking so hard it could barely generate CW. Tried increasing
temperature in shack. Tried filling malfunc-tioning operator
with hot liquid. No change in performance. Unit re-fused to go
outside to tum an-tenna, then entered auto-shutdown mode.
Unit seems functional after powering up this moming, but
7777?? So much for the first pass.

-VE3AX: It's been a long time since | have made a 2m EME
contact so had to sharpen up a bit at first! I've been down
with a bad elevation jack for almost a year now, but managed
to find one and get it installed last weekend in hopes of being
around a bit this weekend. | was busy Saturday so did not get
on for the 1st pass but | did manage most of the 2nd pass
with a few hours out for sleep. The weather cooperated -
drizzle early on but very light winds and eventually the sun
came out later today. The moon was 6 degrees up when | got
on and must have hit a sweet spot - the band was filled with
loud signals. That waned somewhat as the night

progressed but every once in a while a surprise came along.
Not sure what LASNEA is using these days but wonder if it's
still one yagi. New ones included OH3AWW, OH3NJC,
WW8M, and S53J. WW8M was equal strength off the moon
as he was on tropo but fortunately the signals were a couple
of hundred hertz apart. Finished with single yagi station
VE1ZJ who was calling CQ on .035 and K6PF who | was
looking for all contest and found him calling CQ with the
moon at 10 degrees. Here's the list: 32 qso's/ 24 multipliers
(I think) -2ND pass only: IK1FJl, RU1AA, 12FAK, HB9Q,
F3VS, FIFLA, G3ZIG, OESEYM, OK1MS, LZ1DP, PAQV,
DLSMAE, LA9INEA, S53J, K5GW, OH3AWW, OH3NJC,
WBIUWA, W3SZ, KB8RQ, PA2CHR, W5UN, N5BLZ, WTFG,
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WOPT, KOMRI, JAOBLU, WWBM, JH5FOQ, JN1CSO,

VE1ZJ, K6PF

-VE1KG: For the time | spent on the moon | must say | had
fun. Conditions were up & down they always are hi! Missed
most of the second nite by sleeping in. Not good. Worked 17
stations not a big deal for sure but satisfied taking into ac-
count the time | spent.

| only wish | could have worked some of the stations calling
KBBRQ. They were so many | could hear & could have
worked!! Where do this folks go after they work Gary???
Probably looking for WSUN hi! Anyway had a good time &
looking forward for the second leg hopping it is not at nite. |
would like very much to work a VK station on the next leg. Or
actually any time is ok.

-K2AXX: As a small station - | decided to try a few random
QS0s. VERY pleased so far with the result of only a few
hours effort. Worked:

F3VS (peaked 559), KBBRQ (very loud as well, neat hearing
both the tropo signal and echoes +200hz apart!), 12FAK
(peaked 549)

Comments: Found that CW is definately the way to go during
an EME contest. Also spent time looking / decoding stations
via JT44, and had good success finding people randomly -
but NO success working anyone. Decoded a number of sta-
tions, none CQing - and waited until the QSO was complete
before calling. No success whatsoever. I'm pleased with the
result, and will be working to improve the station. Intend to
construct a 4-yagi array initially, and hope to have my GS-
35b amp online this spring. Currently, 450w out, 16-el yagi
with no elevation.

-KOGU: Finally got a 2m array back up. Hoped to be ready for
the start of the contest. But ended up working on the array all
day Sat-urday and didn't get it going until dark. And then the
preamp didn't work. Only one night, no preamp and no sleep
before moonrise. Conditions were quite good to EU at times
and very poor at other times. Was able to CQ and get a few
callers. | was pretty much locked out to the US during all the
EU window. Very little activity in the JA window. Stations
worked: UA4AAVH, F3VS, HBIQ, DK3BU#, RU1AA, FIFLA,
OZ1HNE, LZ1DP#, N5BLZ#, WBIUWA#, RNEBN#, I13EVKE,
DLSMAE, DLEBAG/P#, OK1MS, W5UN, JN1CSO#.

Hrd: SM7WSJ, VE3AX, K6PF, I2ZFAK, I3DLI, PA3CWI
-852LM: Poor EME conditions here, so it was very hard to
work stations on CW. Luckily, | was able to work several on
JT44, Worked stations in first Leg: IK2DDR, I1FJI, 12FAK,
RU1AA, F3VS, FIFLA, HB9Q, JN1CSO, EA3DXU, RNEBN,
K6MYC, PA2CHR all in CW. And in JT44: DLOUL, I2RV,
JM1GSH, W3EME, PA3DZL, ESG6RQ, SM7BAE, RK3FG,
PA1GYS, DLTUAE, SP20FW, VK2KRR, OK3DL, EA1FDI,
UASSL, JL1ZCG, K3IB, NJOU, S53J, KJBKO, EA1YV,
ES6RQ, ON4ARF.

-SM7WSJ: | was active around 9,5 hours this weekend,
worked 19 stations! | have heard much more and also
missed a couple coming back to my CQ (some because | just
could not get the callsign together and some because some-
one started to CQ right over the station calling me). Started
saturday without the cable to the vertikal El mounted, but big
problem making QSOs, | spent the afternoon making it fin-
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Lunar Weekend Calendar for 2004, by G3sek

At 2400 sat/ Declination Signals Sun offset Sky temp Comments
0000 Sun (deg) (dB) (deg) (K,432MHz)
Jan-03/04 22.0 -0.9 +140 29 Night .Apogee.
Jan-10/11 16.7 -0.1 -141 14 Night.
Jan-17/18 -22.4 1.8 -53 66 Moon in south.
Jan-24/25 -9.9 -0.1 +41 19 Moon in south.
Feb-00/01 24.2 -0.9 +120 29 Day (PM) .Apogee.
Feb-07/08 12.8 0.0 -160 14 Night.
Feb-14/15 -25.0 1.0 -71 €6 Moon in south.
Feb-21/22 -6.4 -0.1 +21 19 Moon in south.
Feb-28/29 25.9 -0.9 +99 35 Day (PM) . Apogee.
Mar-06/07 8.9 0.1 -176 15 Night. REF/DUBUS I
Mar-13/14 -26.9 1.0 -88 166 Moon in south.
Mar-20/21 -2.5 -0.2 +3 20 Moon in south.
Mar-27/28 27.1 -0.9 +79 35 Day(PM) .Apogee.
REF/DUBUS II
Apr-03/04 5.2 0.2 +161 15 Night.
Apr-10/11 -27.6 0.9 -105 149 Moon in south.
Apr-17/18 1.6 -0.3 -18 12 Sun noise.
Apr-24/25 27.6 -0.9 +60 29 Day (BPM) . Apogee.
May-01/02 1.5 033 +141 21 Night.
May-08/09 -27.2 0.9 -122 41 Moon in south.
May-15/16 5.9 -0.4 -36 20 Day (AM) .
May-22/23 27.4 -0.9 +42 20 Day (PM) .Apogee.
May-29/30 -2.3 0.4 +123 20 Moon in south.
Jun-05/06 ~25.9 0.9 -140 41 Moon in south.
Jun-12/13 102 -0.5 -53 20 Day (AM) .
Jun-19/20 26.4 -0.8 +24 20 Sun noise.
Jun-26/27 -6.5 0.5 +105 20 Mcon in south.
Jul-03/04 -24.1 0.8 -158 24 Moon in south.
Jul-10/11 14.2 -0.6 -71 24 Day (AM) .Apogee.
Jul-17/18 24.7 -0.8 +8 14 Sun noise.
Jul-24/25 =11.1 0.6 +88 21 Moon in south.
Aug-00/01 -21.8 0.7 -174 18 Moon in south.
Aug-07/08 17.8 -0.6 -89 24 Day (AM) .Apogee.
Aug-14/15 22.4 =07 -13 14 Sun noise.
Aug-21/22 ~15.7 0.6 +72 26 Moon in south.
Aug-28/29 -19.1 0.7 +164 20 Moon in south.
Sep-04/05 20.8 -0.7 -108 24 Day (AM) . Apogee.
Sep-11/12 19.9 -0.7 -31 13 Day(AM) .Apogee. I-Cont
Sep-18/19 -19.8 0.7 +55 29 Moon in south.
Sep-25/26 -15.6 0.6 +147 17 Moon in south.
Oct-02/03 23.3 -0.8 -127 24 Night .Apogee.
Oct-09/10 17.1 -0.6 -50 14 Day (AM) .Apogee. ARRL?
Oct-16/17 -23.1 0.8 +38 35 Moon in south.
Oct-23/24 -11.4 0.5 +130 17 Moon in south.
Oct-30/31 25.3 -0.8 -147 29 Night .Apogee.
Nov-06/07 13.9 -0.5 -70 14 Day (AM) .Apogee. ARRL?
Nov-13/14 -25.4 0.8 +19 66 Moon in south.
Nov-20/21 -6.6 0.4 +112 19 Moon in south.
Nov-27/28 26.8 -0.8 -167 is Night.Apogee.
Dec-04/05 10.4 -0.4 -90 14 Day (AM) .
Dec-11/12 -26.8 0.9 -4 166 Moon in south.
Dec-18/19 -1.8 0.3 +94 20 Mocon in south.
Dec-25/26 27.7 -0.9 +172 35 Night .Apogee.

Sun Offset vs Time of Day for Visible Moon
-180° -120° -30° 0°  +30° +120° +180°

Day (AM) ] Sun noise Day (PM)




EUROPEAN WORLD-WIDE EME CONTEST 2004
Sponsored by DUBUS and REF

The EU WW EME contest is intended to encourage world-wide activity on moonbounce. Multipliers are
DXCC countries plus *** ALL W/VK/VE STATES ***. This gives equal chances for stations from North
America, Europe and Oceania. The rules reward random QSOs, but do not penalize skeds on 2.3GHz or
above. Winners (1* places) receive free subscriptions to DUBUS magazine!

1. Contest Dates & Bands:
First weekend: 432 MHz, 2.3 GHz to 5.7 GHz 06-07 MARCH 2004, 00--24UTC
Second weekend: 144 MHz, 1.3 GHz and 10 GHz 27-28 MARCH 2004, 00 - - 24 UTC

2. Sections and Awards:

QRP  144MHz  <100kW EIRP 432MHz  <400kW EIRP 1296MHz  <600kW EIRP
>=2300MHz no separate QRP/QRO categories

QRO On 144, 432 and 1296MHz, stations with EIRP equal to or greater than stated above.

PRO 'Non-amateur equipment or antenna. PRO stations will have scores listed separately.

There are no separate multi-operator classes. Multi-operator and QRO stations will be highlighted in the

general classifications. All QRP/QRO band winners and QRP/QRO multiband winners will receive a

year's free subscription to DUBUS magazine. In each band/section, certificates will be sent to the top ten

entries and to the highest-scoring station in the southern hemisphere.

4. Contest Exchange: For a valid QSO, both stations must transmit and receive both callsigns+
TMO/RST + R. During a QSO, on any band, liaison by any other means (eg DXcluster, Internet, tele-
phone) is forbidden! There is no restriction on modes, but entrants must not cause inter-mode QRM.

5. Logs: Logs must be separate for each band, and should be in normal "logbook” format. Top line:
Your callsign, Band Each QSO: Date/time, Callsign, Report sent, Report received, Points, Multiplier
Bottom line: Total points, Total multipliers, Total claimed score.

5. QSO Points: 100 points for each random QSO completed.
10 (ten) points for each sked QSO completed on 144/432/1296MHz.
100 points for each random or sked QSO completed on 2.3GHz or higher bands.

6. Multipliers: Each DXCC country (except W/VE/VK), or EACH INDIVIDUAL STATE worked in
WVE/VK. Multipliers count only if worked by RANDOM (except on 2.3GHz or above). States and prov-
inces can be determined after the contest using recent Newsletters, on the Web or in DUBUS.

7. Total Scores: Single band score = [Total of QSO points] * [Total of multipliers].

There will be one QRP winner and one QRO winner on each band.

Multiband score = [(Total sum of points on 144-1296MHz) +

| (2 * total sum of points on 2.3GHz or above)] * [Total sum of multipliers on all bands]

There will be one QRP multiband winner and one QRO multiband winner, Multiband stations will also be
listed as an entry on each separate band worked, and can also win single-band awards.

8. Contest Entries: Copy of the log for each band with details of points, multipliers and total points.
The following information MUST also be included for each band: 1. Output power, transmit cable loss,
antenna type and gain. 2. Category: QRO/QRP single/multi operator 3. Name(s) of all operators

4. Locator/State. Other info is welcome: Comments, conditions, locator, station details, photographs, etc.

9. Sending Your Entry: Contest entries MUST be sent no later than 30 days after the end of the
second weekend (i.e. in the mail or e-mail by 30 APRIL 2004).

Mail address: Patrick Magnin, FEHYE, Marcorens, F-74140 BALLAISON, France

You can also e-mail your contest entry in ASCI| format to: f6hye@ref-union.org

All email entries will be acknowledged within one week.

10. Referee: N.N.  For rules and general questions contact: info@dubus.de
DO *NOT* SEND LOGS TO G3SEK, and DO *NOT* SEND LOGS TO ANY DUBUS POST OR E-MAIL

ADDRESSES!
Good Luck in the Contest!

For REF:  Patrick Magnin, FEHYE For DUBUS: Joachim Kraft, DLBHCZ

na




Tropo Reports

2m, 70cm and up
Editor: Wolfgang Schneider, DJBES
DJBES@t-online.de

Supplement:
Great tropo opening in August 03

In the beginning of August great tropo openings
occurred on 4. — 10. August and also on Aug. 12"
/13" to G, F and EA. In the first week a center of
high-pressure area builds up over the North Sea,
which later moved in northwestern direction.

Several logs received directly after that:

- LAOBY, Stefan, JO59IX and also /p in JO39PB
- LABLCA, Leif, JOSSFE

- DK3WG, Jirgen, JO72GI

- OZ1IEP, Carl, JO55XU

- DLBEBW, Guido, JO31NF

- G3XDY, John, JOO20B

- DB5KN, Mike, JO31NB

- DJBES, Wolfgang, JO43SX

QRYV on all frequencies between 2m and 3cm was
LABLCA (Leif). From his gth in JO59FE he worked
23 stations on 144MHz, at over 1000km range;
odx was G4RRA (1080) with 1305km. On 432MHz
Leif worked 12 stations >1000km. All qso’s were
across the North Sea. Good results on 23cm and
up could be logged, too: For example LA6LCA
worked with G3XDY (JO02) on all this bands, and,
on Aug., 8", he worked F6DKW in JN18CS
(1277km) on 10.368MHz. This is a first 3cm tropo-
qso between LA and F!

At the beginning of August OM Carl (OZ1IEP,
JO55) worked several new squares on 2m and
also 70cm. Contacts to UK, F, PA, ON and DL are
logged. His odx on 144MHz (and also on 70cm!)
was 1387km (FOIE, INBEWW).

Jurgen (DL3WG, JO72Gl) reported gso’s up to
1100km and highlights with GAKWQ in 1092AQ at
1112km on 2m and G4RGK in I0910N (1050km)
on 70cm.

During the first two weeks of the August opening
we found Guy (DLBEBW, JO31) on the 2m-Band.
Between 5". and 11". he made contacts to GM
and also listened a lot of beacons reports from the
UK. But on Aug., 12"/13", gso’s to LA, G, GW,
Gl, El, F and EA were possible with good signals:
His odx was EB1EHO (IN73) with 1288km.

Also from JO31-square, OM Mike (DB5KN) was

82

active on 70, 23, 13, 9 and 6cm-band. On 432MHz
he worked the Faroer-Islands with OY9JD
(IP620A, 1483km). Most of the other contacts
were with the UK (incl. Gl). Mike did have also a
lot of gso’s on 23cm. Distances up to 1000km
(GIOGDP, 1074CR) were possible for him. Sta-
tions like G3XDY (JO02), G4PBP (1082) and
G6DER (1093) he worked on several bands.

John (G3XDY, JO020B) concentrated specially on
frequencies 23cm and up. Several contacts to SM,
0OZ, LA, F and DL were possible for him. Stations
like FBAPE (IN97), LABLCA (JO59) and DGORG
(JOB2) he worked on 23, 13, 9, 6 and of course
3em.

For myself (DJBES, JO43) | worked stations from
F, G, GW and GM with distances up to 1200km.
My odx on 2m was FS5GHP in IN96LE (1146km)
and FOIE (INB6WW, 1135km) on 70cm. On 23cm
there was not much activity, myself did only con-
tacts to G and F in the range up to 800km. On
3cm the situation was a little bit better. Two new
squares (1093, JO01) were possible for me.

Squares wkd during the tropo opening in Aug ‘03
(only gso’s >700km)

Actually:

A next great tropo opening occurred in November
the 7" and 11" between Scandinavia and Russia
(UA1/UA3). Details about that you will read here.



2m
ON4LDP, JO10UM, wkd (>900km):
06/11/03 20:22 SMEONH JOBBMN  1075km
06/11/03 20:35 SM7XFD JO77JO  1066km
06/11/03 21:36 SK4BX JO790F 1212km
06/11/03 21:49 SMEGXV JOSTXJ 934km
06/11/03 22:10 SK6DK JOBTEH 943km

rig: TS-790e, PA 150W, PreAmp, 13ele yagi
tnx for info Olivier

SKOUX, JO99BM, wkd (>1200km):

14/09/03 20:48 G4DEZ JOO3AE  1312km
14/09/03 22:13 G1XWD JOO3GI  1275km
14/09/03 22:19 G3KEQ JOO1BH  1450km
14/09/03:22:22 G4FUF JOO1IGN  1410km
14/09/03 22:25 G4NQQ JOOo1 ??777km
14/09/03 22:28 G4ZFJ JOOTHO  1402km
14/09/03 22:30 GBWXU JOO1EP 1411km
rig: Tkw, 4x5wl Yagi

tnx for info Hans (SM7MXO)

OZ1IEP, JO55XU, wkd (>1000km):

14/09/03 08:02 FSMSC ING9EP  1142km
14/09/03 08:04 G8JLY 1081JM  1105km
14/09/03 08:39 GW7SMV  |081LN  1093km
14/09/03 19:15 G3JHM 1091LC  1007km
14/09/03 19:37 F8LDX IN99GK  1149km
14/09/03 19:42 G4ARRA 1080BS  1190km
14/09/03 19:48 EI3GE 1063XD  1196km
14/09/03 19:52 F6FAI IN8BHM  1320km
15/09/03 19:40 G4RRA 1080BS  1190km
07/11/03 21:29 RATWL KO47EV  1020km
07/11/03 22:03 RA3DRC/1 KO55JR  1173km
07/11/03 22:05 RA3LE KOB4AR 1273km
07/11/03 22:31 RA3LBK KOB5QA 1348km
07/11/03 22:45 EW6GB KO45CN  1016km
11/11/03 17:24 RAITT KO68XJ 1351km
tnx for info Carl

DK3WG, JO72GlI, wkd (>1000km):

22/09/03 07:53 OH1INOR  KPOOXL  1014km
22/09/03 07:55 OH3BYZ KP21UA  1181km
22/09/03 07:57 OH2LAK KP10XL  1074km
22/09/03 08:16 OH3BYZ KP21UA  1181km
22/09/03 08:19 OH7PI KP42HF  1383km
06/11/03 09:33 SM3XRB  JP82UV  1190km
06/11/03 09:34 SM3HG JP81DR  1050km
07/11/03 18:25 OHINOR  KPOOXL  1014km
08/11/03 16:34 OHINOR  KPOOXL  1014km
10/11/03 16:41 OHBKTL KP020J 1187km
10/11/03 16:47 OH1INOR  KPOOXL 1014km
10/11/03 16:48 OHEPA KPO2PL  1198km
10/11/03 17:22 OHEHFX KP14RA  1399km
10/11/03 17:58 OHBNXE  KP25SB  1547km
10/11/03 18:04 OH1AYQ KP12JB  118%m
11/11/03 16:18 RA3AQ KO858 1543km

tnx for info Jurgen

a2

DLBEBW writes:
Hello dear VHF-friends,

thanks a lot for all the nice QSOs during the
weekend in the MMC 2003. | was operating at the
station/QTH from Dit, DF7KF, with his new an-
tenna array (16x 18el M2). Really famous, if you
met the partners direction, but very difficult some-
time to read if you are only 10 degree away from
it. So an gso to S5 was sometimes easier than the
low distance gsos to JO31! Anyway, | did manage
to work around 376 QSOs with 380km/QSO - here
are the top ten:

S570 (JN86DT, 842km),
848km), OM3W
ING4TR, 854km),

S51Z0  (JNBBDR,
(JN99BB, 851km), F6FHP
HG1Z (JN86KU, 876km),
OM3RM (JNB7WV, 883km), 9A2L (JNBEHF,
902km), OMOC (JN9SPG, 926km), I5PVD/6
(JNG3GN, 928km), HASKDQ (JNI7LN, 872km),
73 de guy (DLBEBW)

PA2CHR, JO22XA, wkd on Nov. 6"

16:50 SMOKAK  JOB9XK 1115km
16:54 OHINOR KPOOXL 1127km
18:48 SK4BX JO790F 990km
19:30 SMEOHN  JO68MN 855km

Rig: TS850+LT2S, MGF1801, NF: 0.27dB,
PA 3CX800, Ant 4 x 28 el. BVO/5wl|
tnx for info Chris

RW3PF, KO93CD, wkd on Nov. 7™

LAOBY (JO59I1X), SMBONH (JO68MN), OHOJFP
(KPOOAJ), ESTMM (KO29KK), SKOUX (JO99BM),
SMENET (JOB8SD), SK6HD (JOB8SD), SM7XFD
(JO77J0), ES4EQ  (KO39CE),  YL3DW
(KO26CW), LABVBA  (JO48MQ), SKBDK
(JOB7EH), LY2MW (KO24PQ), SK6EI (JO68VK),
LABLCA (JO59FI), SKEQW (JOBBWR), SM1CXE
(JO97FJ), LA3BO (JO59CD), SM5XJX (JO88GK),
OZ1FDH (JO65CH), SM1TDE (JO971S), YL8HSA

(KO26CV), EW6GB  (KO45CN), ES6DO
(KO27WX), SMBCMU  (JO57XK), SM4AXY
(JO79LG), OZ9PP  (JO47VA), SMBOPX
(JO58RG), SM6ELY (JOBBSE), OZ1HNE
(JO57GG), LA6MV  (JO59EJ), SMETMR
(JO67Q0), SM7DVF  (JO76JU),  LASUKA
(JOS9HJ), SM6FOV  (JO78BR), OZ1SKY
(JO56DG), SM6FBQ  (JO67BQ),  LA3TL

(JO58SX), LA2PHA (JO38IB), SKBEI (JOBBVK),
LY2BUU (KO15XH), OZ2M (JOB5FR), SM7EBI
(JOT7BT), SKENP (JOBBMB), SMECTQ
(JOTBFM), SMBEAN (JOS7TWQ), LATVH
(JO59EK), OZ2PJ (JOB5ER), SM7DLZ (JOBEBS),
OZ1CLL (JOB5GZ), LY2IC (KO14WW), SMBENG
(JOB7CQ). Rig: PA 4x10el BVO-3WL , PA GS35b
tnx for info Peter

LAOBY, JO59IX, wkd (>1200km):
07/11/03 16:01 UA3ARC KOB85SO
07/11/03 16:13 RW3PF  KO93CD

1650km
1831km




07/11/03 16:23
07/11/03 16:33
07/11/03 16:36
07/11/03 16:38
07/11/03 16:40
07/11/03 16:45
07/11/03 16:53
07/11/03 19:00
07/11/03 19:06
07/11/03 19:08
07/11/03 19:50
07/11/03 20:32
07/11/03 21:12
07/11/03 22:10
07/11/03 22:14
07/11/03 22:18
07/11/03 22:50
07/11/03 23:07
07/11/03 23:59
08/11/03 21:53
08/11/03 21:56
08/11/03 22:06
08/11/03 22:18
08/11/03 22:23
11/11/03 17:52
11/11/03 15:45
11/11/03 16:18
11/11/03 17:30
11/11/03 17:00
11/11/03 16:01
11/11/03 17:55
11/11/03 16:11
11/11/03 17:05
11/11/03 15:41
tnx for info Stefan

RW3LW
RA3DCI
RA3AQ
RU3ACE
UATWCF
RA3PG
RN3AP
EWBPW
RU3FA
RX3PR
RA3DRC/1 KO55JR
EW1LN
RA3LBK
UA1XP
RU3EC
EU3AI
SPTEXY
usswu
RA3LE
SP9SDR
SP9QMP
SP9KUP/9 JN99QU
SP9APC
SPOMCY
UA4UK
RW3TJ
RW3TI
RU3ACE
UA3ARC
RA3AQ
UA3AOG
RK3AF
RA3LBK
RATTT

KO54MQ
KO96CB
KOB5JE
KO95KG
KO55JR
KO84TD
KO85RQ
KO55CE
KO84RU
KOB4TE

KO33RW
KOB5QA
KO55JR
KOB2TK
KO22CE
KOooQw
KO20DI
KOB4AR
JNOONN
JOSOFB

JN9SQU
JOS00G
LO14MA
LO1BXG
LO16WG
KO95KG
KO8550
KOB85SP
KOB85SR
KO85QR
KOB5QA
KOB8XJ

14XCC, JN63GV, wkd (>700km):

05/07 09.54 UT7DX
14/07 18.25 SP6TTQ
14/07 18.45 SP60OUL
14/07 18.47 SP9JDP
14/07 18.53 SPOLCV
14/07 18.55 SP9JCS
14/07 18.56 SQ9PV
14/07 18.58 SP9SDF/9 55/59
19/07 17.55 UTSDL/P
26/07 10.00 DH2UAK
03/08 07.23 DL1ANZ
03/08 08.37 4U1VIC
03/08 10.30 DK3EE
03/08 10.32 DLOMQ
03/08 12.40 DL3DXX

tnx fr info Claudio

57/53
55/59
58/ 59
57/ 51
56/55
55/59
53/56

59/59
52/53

RU3ACE, KO95KG, wkd (>1000km):

07/11/03 15:16
07/11/03 15:28
07/11/03 16:16
07/11/03 16:38

SM1HOW JO97GL
OHOJFP  KPOOFB
0Z2M

LAOBY

JOB5FR
JOS9FW

KN18JT
JOS0BK
JOS0BF
JNSIHW
JOSOKF
JOS0OCA
JO90KF
JNSILN
KN18JT
JO71FU
559/559 JO51I1J
559/599 JN8BFF
559/519 JO41GU
559/539 JO41GV
559/599 JO61VC

1348km
1664km
1631km
1742km
1273km
1737km
1642km
1273km
1687km
1735km
1273km
1213km
1454km
1273km
1847km
1201km
1207km
1370km
1399km
1276km
1207km
1253km
1253km
1206km
2044km
1974km
1969km
1742km
1650km
1648km
1644km
1635km
1454km
1329km

956km
840km
B21km
B814km
B851km
805km
B51km
797km
956km
896km
845km
568km
933km
938km
807km

1270km
1212km
1654km
1754km

07/11/03 17:35
07/11/03 17:53
07/11/03 18:29
07/11/03 18:39
07/11/03 19:27
11/11/03 13:44
11/11/03 13:50
11/11/03 13:52
11/11/03 14:54
11/11/03 15:18
11/11/03 15:41
11/11/03 15:42
11/11/03 15:43
11/11/03 15:49
11/11/03 15:54
11/11/03 15:55
11/11/03 16:04
11/11/03 16:18
11/11/03 16:18
11/11/03 16:21
11/11/03 16:33
11/11/03 16:47
11/11/03 17:02
11/11/03 17:20
11/11/03 17:31
11/11/03 18:13
11/11/03 18:15
11/11/03 18:55
11/11/03 18:58
11/11/03 19:04
11/11/03 19:06
11/11/03 19:32
11/11/03 20:33
11/11/03 20:48
11/11/03 20:50
11/11/03 21:11
11/11/03 22:27
11/11/03 22:36
11/11/03 23:53
12/11/03 06:48
12/11/03 07:37
tnx for info Max

SMENET
SM1TDE
SKEEI
SKEHD
SM7XFD
OH7HXH
OH3XR
SM3AKW
OH1NOR
OH1XT
OHBKTL
OH1HSC
OH1NOR
OH1XT
OH1MDR
OH1MA
OHZ2AUK
OH1MA
OHZAUK
OHBMRD
OH1MDR
SKBEI
SM5KNV
SP4AMPB
LAOBY
SP2FAV
SP4JWD
SMOKAK
SM5CUI
SK3MF
SMOLCB
SMOAGP
SK6DK
SP2ilQw
MS5LXA
SK7HW
SM7EBI
SM6CTQ
SMOLQB
SM1HOW
YL2CQ

JOB8SD
JOg7il
JOBBVK
JO68SD
JO77JO
KP53HG
KPO1UK
JP92A0
KPOOXL
KPO1UK
KP020J
KP10CM
KPOOXL
KPO1U
KPO1VJ
KP10IL
KO19TX
KP10IL
KO19TX
KP12EO
KPO1VJ
JOB8VK
JossmJ
KOO03GS
JO59FW
JO94MA
KOO03FR
JOBIXK
Josaww
JPO2FW
JO89XI
JOBYXF
JOG7EH
JO94GM
JO78HH
JO76JU
JO77CS
JO78FM
JOBIXK
JO97GL
KO17EM

70cm

DJBES, JO43SX, wkd on 6./7. Nov (>600km):

SK4BX JO790F 59
ES2RJ KO29JM 57
ES2QH  KO29LL 55
ESZNA  KO28JL 55
ES2WX KO29JN 57
SM5DFF JOB8CN 55
YL3AG KO26AW 55

1569km
1260km
1555km
1569km
1494km
1003km
1208km
1436km
1151km
1208km
1281km
1140km
1151km
1208km
1202km
1113km
1044km
1113km
1044km
1243km
1202km
1555km
1366km
1191km
1754km
1279km
1197km
1330km
1347km
1433km
1328km
1326km
1640km
1298km
1506km
1497km
1529km
1517km
1330km
1270km
1043km

59 678km
58  1111km
55  1117km
55 1109km
57  1113km
33 654km
55 969km

PA2CHR, JO22XA, wkd on Nov. 6™

17:51 SMSDFF

18:13 ES2RJ

18:15 ES2WX

JO8BBCCN 975km
KO29JN 1439km
KO29JN 1439km



18:57 SM7XON  JOB7FD 885km
19:00 ES2QH KO29LL 1445km
19:02 ES2NA KO29JL 1437km
19:14 SK4BX JO790F 980km
19:19 SM7HGY JOB6DR 850km
19:32 SMBONH  JOBBMN 855km
20:20 LABMV JO59EJ 866km
20:36 SMBCEN  JO57XO 731km

Rig: FT847, PreAmp MGF1302, nf: 0.32 dB,
PA YL1050, Ant 4 x 35 el.BVO/11wl
tnx for info Chris

OZ1IEP, JO55XU, wkd (>700km):

14/09/03 09:26 GW3HWR I071XN  1152km
14/09/03 09:30 GOOGY JOO1GR 877km
14/09/03 09:39 G4DEZ JOO3AE 823km
14/09/03.20:02 G4KLX/P  1093GB 919km
14/09/03 20:04 G8VHI 1092FM 951km
14/09/03 20:09 GOVVE 1091SG 963km
14/09/03 20:12 GBWXU JOO1EP 892km
15/09/03 06:08 YL3AG KO26AW  752km
14/10/03 18:44 PASKM JO11WL  720km
07/11/03 21:09 RA3LE KOB4AR 1273km
07/11/03 21:18 YL2AJ KO160X  702km
07/11/03 21:41 ES2RJ KO29JN 864km
07/11/03 22:29 EW6GFS KO35LB  948km
10/11/03 20:12 OH6QR KP22BN  1014km
10/11/03 22:17 ES5PC KO38HJ 927km
11/11/03 18:50 UA3ARC KOB5S0 1592km
11/11/03 18:57 ES2RJ KO29JN 864km
11/11/03 19:11 ES5PC KO38HJ 927km
11/11/03 19:18 RA3AQ KOBSJE  1556km
tnx for info Carl
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Center of high pressure at 07.11.03 at 02.00
UT straight over scandinavia

OZ1FF, JO45B0O, wkd (>600km):
04/10/03 15:43 DLOON JO5@VF 646km
05/10/03 05:46 DK@NA  JO5@TI  629km

14/10/03 17:01  SM@FZH JO98HI  752km
14/10/03 18:05 DL@EE  JN49GK 686km
14/10/03 19:23 SM1TDE JO96BW 634km
14/10/03 19:39 G4BRK  |1091DP  782km
06/11/03 18:35 DBENT  JOS5@TI  629m
11/11/03 18:00 SM@FZH JO99HI  752km
11/11/03 19:38 SM1TDE JO96BW 634km
11/11/03 20:31 G4BRK  |091DP  782km

tnx for info Kjeld

HABV, KNOGHT, wkd on 4./5. Oct (>500km):
OK1MDK (JN79NU, 529km), IW1FQD/6 (JNB3ET,
726km), DKOOG (JN68GI, 630km), OKI1RF
(JN79KM), 522km), OKZKKW (JO60JJ, 700km),
DFOMTL (JOBOLK, 692km), OK1KZE (JN79FX,
575km), DFOYY (JO62GD, 831km), OK1ES/P
(JOTOUR, 565km), OES5D (JN68PC, 570km),
DK1KC/P (JN58QH, 713km), OK10TS (JO70NJ,
567km), DL3TF (JOBORP, 676km), OK1KKD
(JOBOWD, 620km), OL4A (JOBORN, 671km)

Rig: 4x23el. K1FO, 35m agl, TR851E, 25w

tnx for info Gabi

DK3WG, JOT72GlI, wkd on 70cm (>500km):

06/11/03 09:43 SMBONH JOGB8MH 671km
06/11/03 11:32 SM3LBN JP80IO 929km
07/11/03 12:51 SM7FWZ JO77EQ 595km
07/11/03 13:33 OHOJFP KPOOAB 925km
08/11/03 08:11 LA2PHA KO38IB 1000km
08/11/03 08:27 LABMV  JOSSFJ 824km
10/11/03 09:32 SP8BNCJ KO12NC 588km
10/11/03 17:38 OHBHFX KP14RA  1398km#
10/11/03 17:40 SM3DBN JP80IO 929km
10/11/03 18:17 SM7EOI JOBGFP 486km
11/11/03 17:36 RA3LE KOB4AR 1186km
11/11/03 18:05 OHOA JPY0XD 931km
11/11/03 18:30 SK1BL JOS7HK 626km

DB6NT, JO50TI, wkd Sep - Nov "03:

SP3NEN (JO73), YL3AG (KO26), OZ9FW (JOBS5),
OZ2ELA JO65), SP2MKO (JO93), OZ5KM
(JO45), SM7SCJ (JO65), SMEESG (JO67),
SMBSKH (JO66), OZ1SKY (JO56), OZ1DLD
(JO45), SMBCEN (JO57), ON4BBF (JO11),
SMOLQB (JOB9), SM4DHN (JP60), LA4BY
(JO59), SMOLQB (JO89), OHBPA (KP02),
OZ1MAX (JO57), OZ2ELA (JO65), 0Z9z2Z
(JO46), 0Z3ZW (JO54), OZ1CTZ (JO46), 0Z20E
(JO45), OZ5MZ (JO45), LA4YGA (JO48), LAGLCA
(JO59), OZ1FF (JO45), OHBHFX (KP11),
SM7NNJ (JOB6), SMINJC (JO97), SMOFMY
(JOB9), SM3LBN (JP80), SKBEI (JO68), SM5DFF
(JO88), SMOLQB (JO89), SM5DIC (JOB9)

tnx for info Michael

Tropo opening from 6.- 8. November by
LAOBY:

The first day started with a lift to South, moving to
Southwest and East during the evening. Condx




('8} 0S JBMSUE OU ING ‘SjUBWILLOD Jo Suoneurdxs
Aue Joj wngdey AN payse | ‘e ejeudosdde
ue e pajeapuypepald JOU BIEM EVIITATVE
0] 1 woy ppnp sequeson ey B'e sbuiuedo sedns
asay) jo (eiaaes jey) punoy | ABusuding “sBu
-uado asay) Joj 1Bwe| ay) u) sdew odol) wng
~day el pexoayD | (ZIHETO Wou) JuswWwog)

$O/L SNANGA W spoday-odol | jo anss) jxau ay)
ulj) pEBs UB2 NOA 'SZ Ul Baemoow Aepeds pue
dHN ‘-4HA Jo uonenys ayy noge podas Bupssa
el fuoa e pues (1XvgSZ) YepeD o4 wQ
JJuawadunouuy’

ULOT Ojur JOy XUy
(£801) d/OHJED ‘(66NF) HA8ZMO ‘(590r)

Woawns ‘(90r) os3sws  (evor) rreda
"(¥¥Or) ZINA '(S90r) MWLHS '(9v0r) 210120
ZHINBILOL

(eg01)

d/OHdED '(BBNM)  HABZHO '(S901) MINLYS
ZHINO9LS

(zaor) D094 '(Zror) XD64a
ZHWOOVE

(8801) ABTPWD '(2rOr) 33AE70 (OvOr)

10040 ‘(€SOM NNSLIa  '(S90r) WOILNWS
‘(s90r) 912Z0 '(S90r) MWLNS '(0L01) ATVPO
THWO0ZEZ

(o8dr) NGIEWS ‘(£90r)
m3oaws (gsor) Hrasws (9801l ABIPWD
(2901 <3613 '(050r) HLD0TA ‘(280r) SH0DA
‘lgror) z1o1zo ‘(esor) znsiia  ‘(esor)
WO/a '(€90r) 1AS99a '(£80r) Swera '(esor)
NNSL1A (SPOr) AHEZO ‘(SrOr) AM6ZO ‘(530r)
Woaiws lspor) 44120 ‘(290r) 9S39WS
‘(v5Or) 01220 '9Z0M) OWETA '(L90r) MOeNS
‘(s90r) 91220 ‘(660r) XNOMS '(BIOr) 139XS
‘(£50r) N3DIWS (5901} MIWLMS (LONr) ©Z814

ZHWIBZL
‘€0, AON — dog pym 'BOZOOC ‘'AGXED

(0d5S3) oliiA pue (OXWOWS) SUBH 0jul Joj Xu]

Wwilivk  d3L0Or NXMBD 0EZZ E0/60IYVE
WHEGEL  HHLOOr LW3rD £V L2 E0/60/VE
WHGEEL BOZ0Or AOQXED OF1Z E0/60/FL
WHZLEL  3VEQOr Z30vD G502 EOMEOIVE

Hwy000L<) WIEZ UO PYM 'WEEEOT ‘XNONS

1qES) Oju JOj Xu)
MGZ ‘Z0Z 140N 'IBe weg "1BeA-doo “agLxy By

WHOES  IDBINF  D00MA
UMBEY NDBINM  8Lre30
WHZLE  BEEENT  MEWO

WHP9E  NYLBNI DMOE3I0

WHOSE  JJBBNI MOSL30
unipbE  MILENr  Odre30
WHBEE WOO9ENI  MMLSS
WHZEE  TIBENI LHUMZMO
wHses  HN0LOr diS3LNo
WHS LY INOBLNT H6SS
WSy AYEENT Z540
WHIZE  I4LBNT AAMIVH
WHEBE  dIELNA X621
WHOEE HAZENF  OZ1SS
Wwa/ly  9d9LNP 2458
WHESS  MIBINT  TTHLMO

WHpLE

XXLING  WNXEIO

(WIgZ) 190 "G/ U PHM ' LHIONM ‘ABYH

wy et

wYS09
WHISE
wigiL
WLEL
UGt
L 19¥]
WHZ0E
wyL9e
unzoe
WipLE
wHiLE

wys09
wygL
wyzeg
wiese
wHEZ9
w009

wHERDL
WLE0L

wyagg

WHERLL
Wype6

WHERDL
WwyLE0L

1BBUINN Ojut Joj Xy

680  YOSWS €074 L/90
THWNBIEOL

6801  1DOMS £0/11/90
68O  VDSWS  €0/LL/90
THND9.LS

arOr  ZLOLZO0  E0fLL90
ZHWOOPE

08dl  NEIENS E0/LLI0L
6501  vII9Y1  £0/LL/90
6807  1O0MS  E0/1 /S0
6807 VOSWS E0/LL/90
THWNOZEZ

(680r) 80I0WS '(B90r) 139X4S
‘(08dr) NET1EWS '(SPOr) 44120 (6501 ¥o19v1
‘(svor} ZWszZ0o '(¥SOr) MZEZO '(680r) LOONS

‘THN96Z L

€0, AON PHM 'LLOSOr "LN9EQ

an@adr
DoLs0r
INGBOT
WBEE0r
dizzor
DMBEOI
84Ee0r
148501
H4EE0r
ONSBO0r
FWssor

an@adr
Wa6s0r
O3BINT
SOBLNP
hasor
80ze@or

praly ojul Joj xu)
NHAPNS €512 £0/LL/90
L1E9WS 5102 EOVLLI90
dJ0BNS 00°12 €0/L 190
XN@HS 65:02 €0/ L/90
aasvd 02:02 £0/11/90
VOSWS 61:81 £0/11/90
930evd 6281 £0/0L/82
LLH9NS 1081 E0/OLBE
28vd £L'61L E0/0LIFD
WOILWS 55°81 E0/0LIY0
MINENS 1Ll E0/0L/P0
Hwp0E<) ZHD 01 Uo pue

NHOVWS 6% L2 E0/1 L/90
XN@HS ¥5:02Z £0/1 1/90
AHHSH ZE'61 E0/L 490
MAQO94 0E'6L £0/4 /90
AN9BO LE8L £O/LL90
AQXED L5°02 E0MOL/LE

{(unjpp9<) WILZ Pym '0BSYOr ‘44120

SUYD Ojul JOj XU}

IMELIHS '@ ¥ "WBM OE -Z9LL5W XZ Vd
‘8P #0 AN 'SEXHA dwyaid ‘2171490401 By

WHGHE

wxZee

WHELEL
WHpGE

WHDEYL
w98

WHZEEL
WHGZL L
wyLazi
wizag

wyLZyl
unsepl
unzish
wnyzgl
WHESEL
wHBOO!
UnZgoL
WAZE0L
WHOROL
wiggn}
WALPEL
WAGPE
WEHE

WHGSE

wHEgRI
WHGPEL
wnpGE

WHSERL
WHEBSL
wHZeaL
wyLOLL
Wwxo6YE
wyzEg)
wyoERl

wy gook
wy S¢01
wy gl
iy 0591
wy 521

wigzoL
WHEZS
Wy L6
WALEL
WAHZ8L
WGy

TA09dr NHOFNS
DNS90r WOIINS
YaL800 MI0INS
OXLS0r N30OWS

148501
SOBINF

BO'BL
Zoel
008k
4541
Ll
Ge Ll

Hrasws
MHQ94

'49 'AON UD PYM '(VXZZOr) '"MHOZVd

dn + wogz

1818 d Ojui Joj XU

QSESD Vd '04-1dO [@p2xp-ZEd Juy Bu

MXPLOM
WHSZOM
BHEE0M

MMPLOM
NO8BOr

HOPZONH
4400d3
AAN0ZdH
MESE0r
SdiZoM

6800
406800
OvEsdr
HABSOr
IX06dr
TIPLOM
IEEOH
IHEZ0H
NIGZOM
NIGZOX
MBBOor
HNLOdH

MXPLOM
HXSLOA
THSYOr
oazeor

MMPLOH
r3ssor
l8zi0r
Qasesor
Jo490r

NO8BOr
asesor
XI650r

NdZA1
MYBZAT
HZH40WS

2N1ZAT
4405WS
aoeAl
d4roHO
11ZHO
30LINS
MIWZAT
1D0MS

XBEAHS

MAYENS
1394s
ZYOHO

VSZAT

YNZS3

X053

HDES3
rdzs3
qgixs

1XLHO

NdZA7
nngzal
aiaLzo
OrNLNS

o1EA1

AWEY

183LNS
L3NONS
DS3IGNS
4405WS
1394s

ABOVT

SL0Z E0MLLEL
EVFGL EO/LLEL
LV EO/LLILL
BLAZEOMLLALL
QLUZ EOMLLLL
OL:LZ EOMLLALL
SOLZED/ELILL
arGL EO/LLILL
EGBL EOVLLILL

LLLL EON
SLLLEOELILL
ELLL BOMLLLL
ZFELEO/ELEL
0E'EE E0/LL/90
B62EZ E0/LL/90
SZET E0/LHS0
L2-EZ E0/LLIB0
6LIEZ E0/L1/90
SPiGL E0/LLS0
00:61 £0/1 1190
9581 £0/1 4190
G581 E0/LLB0
8¥-8L E0/L /S0
EL:8L £0/1 /90
8191 £0/1 1190

{wp0B<) PHM ‘ODEBOM “ddEMY

WASZONH
HOVEZOH
dSSBOM
OSS80M
NOBENT

uejBIg Ojul Joj Xu]

MYBZAT
AcEAT
DVEYY

JHVEVN

JdVvEdS

£S0Z EVVLLEL
90'LZ EO/LL/LL
SLELEDELEL
BO'BL EO/ELLL
0Z:ZZ £0/LL/B0

wy 9801  XOL0OM WOHLdS L0:ZZ €0/L /80
Wy 890k  XDL00M 3I4HidS  00°ZZ €0/4L/80
uny g0k DOLBOr INDIDS LV LZ E0/LL/E0
Wy a0l SS160r 33LLHS EvLE €07 L8O
Wy LOZL MDO0OM AX3LdS SLEZE0/LLLO
wy B6EL  HYPOOM  JTEWMH  00°8L €O/LL/ILO
Wy oLLl  91SE0M  S49M3I BFLL €O/LLLD
Wy gaLl  SHEEOM MLJEYN SEiLL EOVLLLO
Wy 0S9L  OSSEOM DUVEVN 82:91 £0/L1/L0
wy grEl DWFSOM  MIEVH  92:91 €0/LLILO
uny LE8L OOE60M  JdEMY  FLOL E0/LLILO
un 800k WMSZOM MVEZAT 80°9L EO/LLILO
Wy 200k OHLEOr Od3L8ad  LS'LE €0/ 1/90
un Z220L  1L0SOr  ANS8A L9l €0/LL/90
un 980L  4S0SOrF JHO4Q  PE9L €0/LL/S0
Wy $20L  NroS0r NN32Wa  82:GE €0/LL/90

(w000 k<) PHM 'XIESON 'ABOVT

BADGE |S1| SIY 89S "MYHYM UM || AON uo J8je|
shep  Apeane ¥ Q0 odos) Mau B pappe uejals)

(ABOY™) uejois '£L ‘1se3 ay) o) sbul
-uado Buunp seadde sjods ma) Aaanejas ey Aes
UED | SPUB B4y UBL) JBLIE JBISNID-XO By Jojuow
OyMm as0y) 01 "W (L uo JOX Mau g smid ‘wa oL
o f| pue w Z uo sauenbs mau § pappe | jie u| |y

WO 04 PUB W Z Ljoq uo

'SP BUaM WY DOZ| JBA0 SUONE]S Jamod-mo| Liw
SIDEIU0D pue §/L/SHS O uado NS sem jonp ey
‘sinoy g'y Joj Auo AMD sem | Jsief Buwane uy
WS ‘awnawoes dess o] pey | Ing JHABYT pauod
-8 X75un Bunwow sy vy ‘suopels 1sayun) sy
Bueq 6LNY Ul THHEJS PUE OZOX U NMSSN Ui
‘yinog o) asow papusixe Bugonp ay) B 18 e
‘(8i0jaq puesl Janau) GBS UM Ul BWED WD 0/ Lo
4HNOS3 PUB W Z U0 NMZAT Sucoeaq 8y ‘odol]
ueyl 3 S @)l aiow paseadde Buuado au)
* jBuuByD JeYo, J8y) Buisn UM SUCHESS [B00] BWos
pakouue Bumey o saibojode AW (EEOM “LrOM)
sajenbs Mau omy uass ‘sjpuueys Bupes piep
-UES By} UO N4 Ul SUCNEIS [RIBASS PEYIOM OSE |
‘uone

-0f Aw woyy poob Ajeas Biem W0 UO § puUB W Z
UG VN YIM OSD B 'SINOY § UBY) B10W Joj pejse|
pue ajqejs A1aa sem gyn o) Bunonp auy (wyLEgL
QOEE0M AdEMH) Wo 0L pue (WHPGEL MIZEOM
D3ENY) W Z Y1ogq U0 X0 0dos| MBU Bsam |INSa
ayy juonoasp Bupsasequ Aas e o Buipuepe
1anp e jo pua wajsam ay) 12 Bugns Asni ago sem
| seauesip abny Jeao seubis Guons /jawanxe
PUE SUOnEls jO S10| - peouauadxe Jane | Buuedo
odoJ) 158 aY) SBM ) JBQUWBADN UD JUBA3 8y)

“JEB By} Wwoy
PBIE2 HONLHO uayl Ing ‘N spiema DI pajea
| UBYp “weaqyoeq Byl uo odol] B Ul BWED
XMSFD ‘miciny o) yuon Bunweaq Do payie
| uaypy leupoenxe jou ing ‘poab eyinb asam



6m News

Reports, Expeditions, Infos
Editor: Joachim Kraft, DL8HCZ

6m-Logbook from DL (Day, Month,

UTC): September to November 2003

18.8. 14-22 Strong Aurora/AE: PAO heard VE4-

beacons from ENOS+EN19.

20.8. 2030 TEP+Es from PA/W-DL: ZD8VHF/B

28.9. 16-18 TEP+Es from W/M/S-DL: TROA JJ40

2.10. 1540-1600 TEP+Es from W+S-DL: 3COV

JI128tn. First ever 3C0-DL (DC8TS + DL7QY wkd).

7.10. 0935-0945 Mulihop-Es from M-DL, PA, G:

VU2ZAP MK82

29.-31.10. Aurora from all DL to many EU coun-

tries, also to the south: |, S5, HB9 etc.

5.11. 1810 Es from W-DL + PA: 5T5SN IK28

6.11. 1430 TEP+Es from HB9, F, SW-DL:
RW1AY/MM JG67

29./30./31.10. Big Aurora from all DL to S5, |, YU..

20.11. Super Aurora from all DL to S5, |, YU,
F, HB, OE, EH2KP in IN83
2011 Comment from SM7FJE, JOB5: The

best aurora ever for me on 6m. 29 DXCC worked.

In the log: UT as far as KN88, 89. YO, 9A, S5,

4U1ITU, 12, 13, 14 and 15, (loads of) F from all cor-

ners including JN23 and IN93. Best dx EH2KP in

IN83. First ever EA on aurora for me.

23.11. 20-22 Es von S+M-DL: TS7N JM54
2130-2230 TEP von S+M+W-DL: ZD8VHF
2235 TEP + E von DL7QY JN59: PY1RO

Expeditions and News:

IMM: GOKZG/MM, Andy has changed plans: His
trip from CT to PY in October was cancelled. Now
he plans to be grv again on 6 + 2m in 2004 from a
ship in the Mediterranean sea.

IMMRW1AY/MM is grv on 6m from JG67, 68, 77
with 100w and wire antenna until April 2004.

JP83 SM3XRJ is a new station on 6m

3C0 Annobon Isl.: DJ9ZB, EASBYP, EASFO +
EAS5YN were grv on 6m as 3COV. But only one
day grv with an opening to EU. Total 100 6m
QSOs wkd. Many first. From DL only DC8TS and
DL7QY wkd.

3B9 Rodriguez: From 16. March 2004 a big group
will be grv for 4 weeks also on 6m under 3B9C.

5U Niger: 5U7JB (US-Op) ist grv on 6m for a
longer period. Loc. JK13, QSL via ONSNT.

5V Togo: 5V7BR is grv on 6m since Nov 17",

7X Algeria: 7X0AD (JM16jr) says that there is
good chance now to get a licence for 6m. He
states that he will be grv soon.

o7

E3 Eritrea: A group from the U.K. will be grv in mid
February for 2 weeks on 6m. QSL via G3AB.
QRGs: 50.107 CW and 50.150 SSB.

FT1Z Amsterdam Isl.:Starting in Januar 2004 new
licenced Op Sebastien will be grv for one year also
on 6m. Loc.: MF81tx

HI Dom. Rep.: HI3TEJ is grv with 100w + 5 ele on
6m. Loc. FK59. QSL via ON4ANT, now ON41Q.
HKO: DL8YHR will be grv 6m (incl. EME) in sum-
mer 2004. SO was cancelled, no licence.

HZ: HZ1MD + 7Z21SJ are o.k. for DXCC now!

JW Svalbard: JW5RIA is gqrv again from Decem-
ber 03 to June 04 on 6m from Bear-Isl., JQ94.

S9 Sao Tome: S9TX (ex S92TX) ist qrv on 6m
now for about 1 year with 100w + 5 ele Yagi. Loc.
JJ30. QSL via W7KNT

SVIA Mount Athos: SV2ASP/A has got a new
IC706 and IC756PRO now. So let’s hope for some
6m activity. There is also a new QTH close to
Thessaloniki belonging to "Mount Athos" Country.
TN Congo: CT3HK is grv on 6m as TN3S for 1
year. QSL via Madeira Team, P.O. Box 19, P-
9001-901 Funchal, Madeira Isl., Portugal

VQ9 Chagos: VK9LA is grv on 6m for one year.
YA Afghanistan: G4KUX is grv until spring 2004
on 6m as YA4F from Kabul, MM440ON. Also YA1D
is very active on 6m now.

Yl Irak: YI/OM2DX will be grv also on 6m for the
next 3 years from Baghdad (LM23).

YK Syria: YK1AO, Omar, has announced that he
will erect a 6m antenna in December....

YV0 Aves Isl.: A 6m operation is planned in the
end of Jan. and Feb. 2004.

VKON & VKSL Norfolk + Lord Howe Isl.: DL7TAFS
+ DJ7ZG will be active from Lord Howe lIsl. be-
tween February 16 and 27 and from Norfolk Isl.
from February 29 to March 13 2004 also on 6m.
XV Vietnam: XV8DT is grv for some years from
Hanoi also on 6m. OL20.

ZL New Zealand: GM3WOJ is moving permantly
to ZL and will be grv on 6m als ZL1CT. He hopes
to work many EU'’s in the peak of next cycle.

Beacons qrv

SK2CP, 50.052 MHz, KPO7mu, 100W EIRP
(should be 500WEIRP soon), 5 Ele. Yagi, QTF
NW, 478 m a.s.l. A1A. A new beacon for transpo-
lar propagation.

IK1PLD/B, 50.001,5 MHz, JN43CW, 0.1W, 1/4
Vertical, Omni, A1A, QRV since Mai 2003.
IQ4AD/B, 50.058 MHz, JN54DT, 8W, 1/2 GP,
50m a.s.l., A1A, qgrv since the end of September
2003.

9Y4AT/B, 50.015 MHz, FK90, 25W, 3 Ele Yagi.
QRYV since September 2003.
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Kiruna magnetometer peaking at 3900 nT
on 30" Oct. at 20:00 UT
On Nov. 20th the peak was around 1900 nT

The diagrams  show (from top to bottom) proton fiux,
electron flux, GOES Hp (magnetic field) and Kp index for Oct
29/30/31 A Kp index > § indicates storm levels. Here the
maximum scale Kp = 9 is reached several times.

Geomagnetic activity 26.8.-24.11.2003

(by DXLC)
330 | 330
320 ] Copyight 2003 by Jan Alwestad { COLT [www delc.com) ] 320
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Planetary A Index August 26" to November

24" with the big peaks from the openings  Ap on Oct 30th peaked 190 and on Nov 20th 115,
on October 29" and November 20™.

Source; hitp://dxlc.com/solar
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News & Comments

Editor: Joachim Kraft, DL8HCZ
info@DUBUS.de

Beacons

Transatlantic Beacon Project
VPI9DUB beacon

The VPIDUB beacon antennas survived the hurricane "Fa-
bian" on Sept. 5% 2003. This hurricane hit the tower with 270
km/h and the top section (10m) of the tower was lost! Fortu-
nately the beacon antennas were at the lower part of the
tower. The damage will be covered by an insurance and a
new tower will be erected. This was a real check for the 6m
loop antenna and the 4 element Flexa-yagi. So the VP9DUB
6m beacon was grv continously since August 13" on 50.026
MHz.

In mid October new boards for the 2m TX were shipped from
DL to VP9. The 2m-TX produced a dirty signal and there
were interference problems to a commercial FM repeater on
146 MHz that s located a few 100m away.

So we hope that the VPIDUB 2m part will be qrv soon. The
new QRG is 144.290 MHz +/-. Loc. FM720h.

The VP9DUB beacon rack: A modified
commercial BOSCH KF TX for 2m and a
commercial Motorola TX for 6m. (Picture
by DF7KF)

HE S Bt

The VP9DUB beacon tower location

VPI9DUB antennas
Left: Loop for 6m, right 4 ele. Flexa Yagi

= 1h

VP9DUB before and after Hurricane Fabian

VO1ZA, GN37js, qrv on 144.400 MHz

The Marconi Radio Club of Newfoundland and the Baccalieu
Amateur Radio Club of Carbonear have been successful in
placing a VHF Transatlantic beacon on the air. The beacon is
transmitting on 144.400 MHz. The transmitter 250 W PA is
the same one previously used by VE1SMU beacon. The VHF
exciter board and the CW ID board have been built by Joe



Craig, VOINA. The 11 element Cushcraft yagi, 1/2 inch hard-
line feeder and 35 amp power supply to run the beacon have
been donated by Frank, VO1HP. The yagi and feeder were
installed by Boyd, VO1CBS, Roy VO1XP and Joe VO1NA on
August 30, 2003. The repeater site is in the middle of a large

Atlantic ocean through the mouth of Conception Bay on the
South East coast of VO1 land. It is in the town of Carbonear
at coordinates N47 45'24" W53 12'598" (Loc. GN37JS) with
the antenna at about 300" (90m) ASL. Transatlantic VHF
beacon VO1ZA was placed on the air October 19, 2003 at
1330UTC on 144.400 Mhz by Frank, VO1HP, and Boyd,
VO1CBS. The beacon is sponsored by the Marconi Radio
Club of Newfoundland and the Baccaleiu Amateur Radio
Klub. Any amateur station who claims to have heard this
beacon is asked to send reports via e-mail to either
volhp@rac'ca or volna@rac.ca. Please describe what you
have heard and if possible the complete information being
transmitted by the beacon.” 73, Frank Davis, VO1HP - -

5 rew -
o e Mhend 3
»_TF.

- EAR

We are happy that this beacon is grv now. This is also a
result of the communication from DUBUS with the fomer

VE1SMU keeper and the VO1-group some months ago.

VO1CBS and VOINA
installing the 2m yagi for VO1ZA

Stations, OPs and Expeditions

PC7CW/MM

Theo will be qrv again /MM next summer from the mediterre-
anean see. Oliver, DL1EJA, plans to join him for some time
and will work 2m-MS etc. from rare wet squares.

GOKZG/MM Info

Andy, GOKZG/MM, will be grv from the fisheries research
ship "CEFAS ENDEAVOUR", from the Mediterranean See in
2004. He hopes to be qrv again on 144 MHz Meteor-Scatter
and Tropo, running the usual high power station.

RW1AY/MM qrv 6m

Viad, RW1AY/MM, is grv from a fishing trawler off the west-
em coast of Namiba (V5). On 6m he is working with a FT
100D, 100W and a matched longwire. The ship is cruising
through the squares JGE67, JG68 und JGT7 through April
2004. On November 6™ Vlad had a good opening into Europe
and promised to be on 6m as often as his work permits

Info from Croatia

9A3FT (JN83) has changed his callsign to 9A6R. - The
clubstation 9A1CAL (JN86) is temporary QRT because they
lost the QTH. Chief OP Zvonko, 9ABWW, is qrv now with his
own callsign from the QTH of 9A2AE in JNBBhf.

New Transatlantic Attempt 2004

The group around Nico, DK5DQ, is planning a new 2m trans-
atlantic attempt for August 2004, The group will be qrv from
VO1 (GN37) and EA1 (IN53). The distance is around 300km
more to VO1 from EA1 than from Ireland, where the group
tried from as EI2TAA in 2002, but the path is more southem
and the team is hoping for some Tropo or Es propagation.

HKO 2004

DLBYHR, Frank, plans to become grv in June/July 2004 from
HKO on 2m and 6m via EME. No operation from S0 (Wester
Sahara) due to licence problems.

SV/A Mount Athos

In October 2003 another rig was donated from the U.S. to
SV2ASP/A. It is an IC756PRO. So Monk Apollo has now
another rig with 6m capability available.

Comments

Help needed: TEP-program

Is there anyone who could try to write a simple simulation
program for possible Transequatorial Propagation (TEP)
paths with the data from previous 2m-TEP-QSOs and the
magnetic equator? Please contact info@dubus.de

DATV: Noise on 23cm

The brandnew Digital Amateur Television (DATV) technology
is getting more and more introduced also for repeater sta-
tions. Recently the repeater DBOFS in Hamburg (JO43xo)
was switched on in DATV mode on 1291 MHz. This caused a
noise floor of 66 dB S/N on 1296 MHz to stations who were
located in the area of Hamburg city. After some discussions
with the keeper of the repeater we got information that the
repeater was running with 3 channels. The licence was good
only for 1 channel (+/- 3 MHz). So DBOFS was switched to 1

Ane




channel. Anyway there is still a noise floor of 26 db S/N on
1296 MHz left for stations in Hamburg. This is quite too much
to work weak signal DX on 23cms. According to the DBOFS
crew it is not possible to reduce this noise floor anymore with
the actual DATV technology.

Communication in the 21 century?

In mid October 2003 | have asked a keeper from a well
known beacon when the beacon will become qrv on the new
70cm QRG. Belief it or not: The keeper was not aware of the
QRG change on 70cm! He has not been informed by anyone
from the IARU. And this was a northwestem EU-country! The
QRG change should be complete by Jan. 1# 2004... DLBHCZ

WSJT and beacons

DUBUS discussed with Joe, K1JT the future possibility of
monitoring beacons with the WSJT program. Joe is support-
ing this idea and now we need to think about coordinated
sequences for beacons. E.g. 30sec. periods of JT44(65),
FSK441, JT6M and normal CW. So we need some input from
you regarding which mode sequences for which bands should
make most sence. So hopefully we will have some beacons
using the modes from WSJT in the future. Please send your
suggestions to: info@dubus.de (DLBHCZ)

Dates

GHz Meeting Dorsten 2004

The 27th GHz Meeting will take place on February 14th 2004
in Dorsten at the usual place: VHS Dorsten, Maria Lindenhof
at the B224, 09:00h to 16:30h. Info: DL4BBU, Peter Horig,
Phone: 02362/41959, email: di4bbu@darc.de

VHF-Meeting Weinheim 2004

The next Weinheim VHF Meeting (UKW-Tagung) will take
place now on September 1112t 2004 Same location like
in 2003 but new date.

VHF/UHF-Tagung Miinchen 2004
After a few years there will take place the VHF/UHF-Tagung
again in Munich on March 13%/14% 2004,

News

24 GHz Changes

According to last years IARU decisions starting from January
1% 2004 only the range 24.048 to 24.050 GHz is recom-
mended for narrow mode use. The calling QRG is 24,048,200
MHz. The beacons also change down 144 MHz. There is no
beacon coordination by the IARU on this band. Please send
any info about new QRGs to info@dubus.de especially if they
are different from the minus 144 MHz scheme.

New U.K. Laser Record
The UK distance record for laser communications has been
beaten. On Wednesday the 8th of October 2003, David,

GOMREF, and Allan, GBLSD, completed a contact on a wave-
length of 670 nanometres over a distance of 76.1 kilometres.
Further details are on www.r-type.org/laser/

Live MUF (by G7TRAU) V. 6!
Livemuf is a telnet cluster application by G7RAU & EABVQ
with additional ability to calculate muf / grb / qff etc for spo-
radic e from 50mhz + up. The version 6 is available since
November 2003. More info: www.g7rau.co.uk/

WSJT Update — JT65

K1JT made a major update to his WSJT software in Novem-
ber 2003. The latest version 4.0 (beta) has got a new im-
proved JT65 mode that should substitute the JT44 mode.

WiMax on 6 and 13cm!

Intel and the israelian company Alvarion have started to de-
velop computer chips and products according to the new
IEEE  802.16a standard. This standard is also called
"Worldwide Interoperability for Microwave Access" or short
"WiMax". This standard should enable broadband internet
access on the last mile via microwave link. Also mobile users
should be connected with this system. In January 2003 the
standard was redefined and now microwave bands between
2 and 11 GHz were selected for this system. We can expect
that the 13cm and 6cm amateur radio bands will be seriously
affected when this system will be on the market.

SEC and NOAA with problems

The U.S. organisations SEC and NOAA that are providing
many data regarding weather and spaceweather may get
drastical financial cuts by the U.S. government in 2004. It was
said that a "normal” work of these organisations will not be
possible any more if these cuts will come true. Especially the
data from the SEC are most important for the forcasts of
Radio Aurora on VHF and Aurora research.

4m in OX
Following OY and OZ also Greenland (OX) has released the
4m-band for amateur radio lately.

Redaktionsschluss fiir Aktivititsberichte und
redaktionelle Beitrage fiir DUBUS 1/2004 ist
der 5. Mérz 2004.

Deadline for reports etc. for DUBUS 1/2004 is
March 5" 2004

-> PSE send us any possible info for the next
beacon list in DUBUS 1/2004!!

flexaYagi

.rs-i.de oder www.flexayagi.de

106




DUBUS Toplists

NR  Call WW  Wkd DXCC
Loc Sqr
1 K1TOL FN44 1162 167
2 ON4Ig J020 1151 212
3 ON4GG  JO20 1100 213
4 DLTQY  JN59 1088 211
5 VEIYX FNT74 1082 167
6 PAOHIP  JO21 1055 211
7 PYSCC GGS4 1052 219
8 IKOFTA  JNBT 1043 217
9  GOJHC 1083 1041 202
10 IK2GSO  JN45 1038 211
11 SMTFJE  JOB5 1817 199
12 W3EP FN31 1014 145
13 Wwsozr EMO0 1011 143
14 SM7AED JOB5 1004 193
15 PADRDY  JO22 1000 188
16 G4IGO 1080 974 197
17 EHBBPX IL18 968 178
18 G4UPS 1080 930 184
19 DL7TAV ~ JNS8 922 198
20 DLSUSA  JO71908 183
21 G3WOS 1091 905 203
22 ON4ADI  JO21 894 193
24 SVIDH KM17 892 225
25 F5UKK INB7 878 184
26 PATMH  JO22 872 182
27 TISKD EJT9 866 135
28  ON4KST  JO20 856 163
29 10JX JNB1 846 208
30 GW3IMFY 1081 842 188
3 Gamv 1041 842 185
32 DL8PM JO40 838 172
33 IZ5EME  JUN5Z 836 176
34 SPAMPB KOOI 831 181
35 ON4PS  JO20 823 162
36 SPGGWB/P JOBD 821 167
37 SPEMLK/P JOBD 821 125
38 OZBABE JO45 821 166
39 SBHIBT JMTS 820 229
40  FBOP JN2E 820 167
41 DLBAMI  JO50 820 166
42 |OWTD JNET 820 201
43 0Z3ZW  JO54 804 160
44 PATFM JO21 803 162
45 OK1IDDO JO60 802 161
46 SMECMU  JOS5T 790 169
47 DLBHCZ JO53 776 115
48 DLIAMA  JO51 764 155
49  PA2V JO22 764 155
50 GJAICD  INBY 758 167
51 DJeMB JO30 754 162
52 OZIEP  JOB5 T21 142
53  G3ZYY 1070 720 183
54 PABKT JO33 115 177
56 WAIECF FN41 714 108
56 EH3LL JNOT 709 169
57 DULIEJA  JO31 708 159
58 PEISDX JO33 700 167
59 FaDI JN23 695 179
60 YO7VS  KN14689 164
61 OZ1DPR JO45 686 145
62 §528K JNT6 670 188
63 EHYIB IM85 670 158
B4 PETHWO JO21 660 144

50 MHz Toplist
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PAZTAB
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OK1FFD
IZ1EPM
DFTRG
IW1AZJ
14XCC
CT1EEB
OK2ZW
IKSJWQ
PA3ECU
YLIAG
DL2DR
DL7THG
OKIKT
TQ7RM
DJBXV
SPEGZZ
PASDD
OK1VBN
ES1CW
DLBNCI
HBASJV
Yo25
ESZRJ
ON1IM
OK1FAV
ES2ZWX
ES1AJ
ES20N
DL4ALI
DLOGU
PA2CHR
DGIVL
ESZNA
OK1MP
ESZRW
OK1IBL
SP2I0W
ES1I
DLBGAP
DL6BF
HBSAQF
FSPAU
ES1RF
DL1SUZ
DKIKX
SM3BIU
LYZSA
ES4EQ
PE10GF
SM7IuQ
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JN52 616
J032 608
KO26 531
JO31 577
JOB2 568
JOT0 561
KH74 548
JO31 535
Jo81 529
J022 516
JN78 512
KO29 503
JO50 503
JIN26 496
KNO5 485
KO29 458
JO11 456
JOB0 444
K029 443
K028 439
K029 437
JO50 431
JN49 402
Joz2 400
JOB1 396
K029 383
JOT0 390
KO29 382
JOB0 377
JO94 367
K028 367
JN4B 365
JO32 3685
JN3B 350
IN88 345
K028 340
JO53 338
JO30 337
JPT3 336
KO14 336
K039 334
Joz21 332
JOBS5 331
JOB5 324
JN2T 313
KO37 310
K028 309
JO31 306
JNGS 304
JNBS 302
KO29 298
JO31 295
KO38 289
JO42 284
KN22 559
JN3B 280
K029 279
Jog2 275
JINZ3 273
K029 270
IM57 266
KO18 264

152
149
148
176
136
158
140
183
138
151
132
13
115
115

119

m

1193

340
546

907
374
392

nz
410

450
387

532

315
a7
452

375
367
372
342
796
353

400

1370
T04
123
0
1576
800

coxococooo
2
-J

g
o

0
1007
1394
0
1496
1968
1294
769
1253
1923
1278
579
1924
1710
2380
628
450
1403
1336
1870
1077
1896
1320
1537
1569
0
1326
0

0
1250
1434
0
1704
960
1869
0
1349
1294
0
625

1740
461
0
1841
0
1

1808 5797
1368 3638
1380 7450
0 0

B24 4884
1341 321
1427 4456
0 0

0 0

1485 5908
0 0

0 8115
0 4769
0 0

1486 4377
0 0

1130 4805
1826 8103
0 0

897 8790
2116 6337
505 7815
1475 5785
1404 7775
2052 4p42
1302 5607
1093 6250
1847 4651
1850 3340
1963 5689
1850 3969
0 8500
0 5215
0 4887
1983 4647
1753 3541
0 3827
1717 6941
1470 4034
1410 3325
6924
4955
5400
0

2800
5921
0

4414
4031
4750
0

3900
3100
7454
5145

= coDoOOoOOo
2°8

53°°23

2
&

5112
5742
0

3972
2769
1981 4500
1300 2700
1390 3841
1431 4448
1710 2542
1086 3547
1637 2482
1228 4236
0 0

0 2430

CDOoO000 =00

15339
15789
14773
0
14802
15261
18627
0
15580
15237
0
14305
12047
15600
15099
0
11502
14443
0
14645
13090
14239
2769%
15931
136682
16205
12924
13682
13694
13098
12195
15625
9322
10502
11576
13452
9515
11816
10964
13978
13801
11582
10663
0
11549
11859
0

0
12947
13005
0
14070
0
9753
13410
11530
11821
B422
11921
9619
11510
12923
13053
10628
7810
13682
8767
15613
1153
0

0
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RAGLBEBLEHLBBLY

DK1KO
DKIWG
PA3BIY
DLBEBW
DFBLC
PADRDY
DLBHCZ
OH5LK
PAZCHR
SMECMU
[2FAK
PA3FOC
SP6GZZ
l4xcc
SPSEWU
DKBAS
HATYA
DODOVF
DL3AMA
DK0OG -
DH3YAK
DJTOF
PA3ECU
PA3DZL
LY2ZWR
SP4MPB
ON4IQ
DLBLAQ
ON4GG
YUTEW
YUTMS
IZSEME
SKEHD
OHTPI
PE1HWO
OK2ZW
F80P
OK2vMD
OKIKT
Yoais
PAAVHF
ESZWX
IW1AZ)
OK1FM
ES6RQ
HBsQ
OK1JKTIP
F8Cs
14YNO
OEBIWG
YL3IAG
UTSER
§50C
DL1KDA
sM7iuQ
DLGBF
FBOKW
IK1PAG
DLTYS
PADWWM
ESZRJ
OE30KS
SM3BIU
URSBAE

144 MHz Toplist
(without EME)

pxcc

WW Wkd
Loc Sqr
JO53 706
JOT2 681
J022 630
JO31 607
JO53 600
J022 568
JO53 566
KP30 538
Jo22 535
JO57 534
JN45 529
Jo21 522
Jo81 520
JNB3 520
Joso 517
JOs2 516
JNBT 513
JOB1 510
JO51 505
JNG8 500
JO31 498
JO51 489
JO32 484
JO21 484
K024 483
KO03 469
JO20 469
JO43 465
JO20 464
KNO5 463
KNOS5 462
JN52 458
JOB8 451
KP32 451
JO21 448
JNB9 445
JN26 432
JNBY 428
JOT0 421
KNOS 417
J03z 416
KO29 415
JN35 411
JNBY 403
K037 391
JN4T 331
JOB0 389
JN27 387
JN54 386
JNTT 384
K026 374
KN78 370
JNTE 369
JO30 366
JOB5 365
JO32 383
JN18 363
JN35 361
JOs2 360
J022 359
K029 358
JNBT 356
JPT3 353
KN29 351

RYSBYI°E°8°ZAIREN®

SRBEGTLTZEBRB2AZILVILEIRECIZEIGERCCGI28"

Tropo

2124
243
1550
1454
2105
1582
1615
1962
1514
1780
1797
1373
1670
1188
1710
1460
1548
1736
1785
1708
1424
1512
1721
1405
2081
1886
1420
1377
1420
1404
1319
1590
1911
1902
1500
1417
1228
1662
1411
1360
153
1370
1115
1843
1500
1404
1701
1161
1357
1221
1552
1875
1463
1388
1802
1542
1519
1186
1512
1303
1190
1441
1460
1994

Aurora Es
Ms lono
2057 2210 3285 1484
2034 2295 2782 1954
2026 2205 3143 0
1918 2123 2305 0
2045 2226 3291 0
1979 2272 2819 0
1976 2096 3527 1500
2041 2235 2891 0
2171 2240 3212 1732
1928 2280 2540 0
1508 2405 2995 1645
2010 2209 2326 0
1794 2017 2117 0
1826 2364 3248 1746
1927 2154 2871 0
1885 2510 2260 0
1876 2183 2885 0
1701 2045 2617 0
1803 1925 2403 0
1975 2172 3322 1543
1162 2105 2650 0
1518 2152 2156 0
2106 2018 3238 0
1851 2167 3107 0
2075 2347 3007 0
1764 2080 2697 0
1965 2150 2725 0
1858 2104 3304 0
1965 2150 2124 0
1868 2179 2430 2082
1856 2160 2438 2130
0 2090 2893 2030
1857 2172 2479 0
1926 2151 2489 0
1403 2279 2618 0
1775 2113 2471 0
1196 2028 2720 0
1765 2031 3605 0
1545 1900 2808 0
1916 2130 2556 0
1337 2085 2086 0
1950 2270 2071 0
1188 2151 2780 0
1438 2200 2150 0
1840 2172 1725 0
1288 2060 2950 0
1764 2121 2269 0
1468 2124 3231 0
1065 2242 2250 0
1110 2220 2126 1214
1912 0 2452 0
2014 2135 2525 1634
1817 2233 3356 1608
1924 2101 2339 0
1646 1921 2332 0
1932 1814 2332 0
1712 2051 2780 0
0 2254 27125 0
1528 1826 2136 0
1839 1997 2384 0
1861 2000 2127 0
1273 1867 2788 0
1844 2260 2242 0
1924 1866 2492 0

(0DX)

108

E3FASaRINIZBEIRR

81

EBBIFTESR

101
102
103
104
105
106
107
108
108
110
m
112
113
114
115
116
17
118
119
120
121
122
123
124
125

127
128
129
130
131
132
133
134

PASDD  JO22 351
YUTVA KNOS 350
F1FIH JN23 350
YUIWP NS4 346
PA2DWH  JO22 345
OK2BFH  JN99 340
YUTEF KNO5 340
OZ1IEP  JOB5 339
PE10GF  JO21 338
G3LQR  JO02 337
DKIKR  JO53 336
OK1DKS  JOT70 334
ON4KHG  JO10 332
F5HRY  JN18 330
ON4PS  JO20 323
HBIDFG  JN37 323
LY2SA KO14 322
OK1FFD  JOBO 322
DBEBX  JO32 321
ON1IM JO11 320
OKIMG  JOT0 318
ON4KST ~ JO20 314
DL1SUZ  JO53 313
PAZTAB  JO32 312
LADBY/lp  JO59 311
OK1DFC/P JOB0 310
ES2XM K029 308
RW3PF K093 306
SPEGWBI/P JOBO 306
GALOH 1094 304
ES4EQ K039 302
OK1AXH  JOT70 300
DF1IAZ  JN49 299
DG1VL JOB1 298
PADBAT  JO31 292
SP2JXN  JOB4 289
DK28J JO30 287
DHOGHU  JN38 284
OM7AQ  JN98 281
ES3GZ K028 281
HABV KNOG 296
ESSWE  KO38 278
PADZM  JO32 268
YUTKB JN94 268
DHBGV  JO33 267
OK1IBL  JOB0 266
GM4JJ) 08B 261
RK3AF KO85 253
YUIGT  KND4 252
LZ1AG KN22 252
ES1RF KO29 252
DK1VI JN4G 251
DHINBB  JN49 249
YUIVG  UNB4 248
DCOYC  JO31 247
OKIVMS  JOT0 246
F5PAU IN88 246
HABMV  KNO6 245
OK1IPG  JOT0 243
GIXDY  JO02 243
DG3XA  JO43 240
oKzal JoBo 238
OK1KEl  JOT0 236
FSHGO  JNO5 235
F5DE JINO5 232
OKIVBN  JNT8 225
G3LTF Jooz 250
ES5EJ KO38 218
OK1DDO  JOBD 218
DJBES Jo43 217

BEBLSLLB0LE88028°°glgssggzy

1452
1318
1305
1422
1230
2092
1135
1638
1391
1776
1481
1230
1507
1276
1449
1367
1908
1388
1534
1420
1522
1435
1238
1302
1405
1775 2453
1389 2198
2039 21M
1780 1581
3130 2143
1541 1840
2142 1486
1038 1177
1373 1223
1535 2041
1650 1690
1476 1934
170 1170
1484 1961
1485 1720
1062 1807
1406 1695
1156 1771
1072 0

1565 1018
1438 1462
3253 1804
1244 1780
1650 1410
915 0

1184 1820
1270 1215
1363 1228
1407 826
1548 1724
1692 1423
1630 0

1062 1736
1773 1243
1355 2049
1371 985
1475 1686
1861 1259
1782 0

1891 1671
1578 1682
2842 1824
1422 1804
1329 1500
1306 1432

1829
1398
999

1850
1850
1929
887

1542
1602
2031
2103
1308
1592
1695
1878
1360
1846
1808
1541
1310
1685
1612
1661
1239
1531

2098 2307 0
1954 2446 0
1926 2934 0
2236 2825 1953
2150 2250 0
1699 3790 0
2248 2440 2373
2177 2328 0
1959 2259 1856
0 2406 0
0 23750
0 3530 0
2084 2312 0
2038 2758 0
2082 2384 0
1942 2987 1
2220 2088 0
1991 2197 0
1921 2126 0
0
1]
0

e

50

1865 2308
1549
1940
1963 0
2103 2183 0
2196 2676 0
2289 2453 0
0 22210
2243 2543 0
1875 2437 0
2045 2480 1
2240 2245 0
1366 1768 0
2069 1996 0
1817 2325 0
0
0
0
0
0
0
0
0
0

2631
2383
2308

o™
(=3

2498 2366

0 2634
1593 2231
2117 3067
2085 2483
2134 2101
2062 2162
1834 2530
2061 2246
2137 2367 1532
1102 2450 0
2003 3398 0
1868 2858 0
2202 2605 0
1310 2160 0
1779 2534 0
1978 2084 0
1604 3185 0
1846 2038 0
1727 2294 1982
1849 1822 0
0 2587 0
0 24250
2026 2162 0
0 34880
1835 2135 0
1832 2333 0
1380 2050 0
1482 2067 0
2024 2486 0
1892 2399 0
1915 2209 0
1876 3032 1876
0 2070 0
1720 2418 0
2034 2177 0



135

137
138
139
140
141
142
143
144
145
146
147
148
148
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
m
172
173
174
175
176
177
178
179
180
181
182
183
184
185

187
188
189
190
191
192
193
194
195
196
197
198
199
200
20
202
203
204

ESOIW  KO19216
IK4PMB  JN54 213
DL2DR  JO31 212
CTIDYX  INS51 211
OK1DIG  JOBO 208
ESONW K019 207
DLOULP  JN4B 207
OK1IAS  JOB0 205
OK1SC  JOT0 204
YUTON  KNO4 203
OESVRUS JN78 201
OHONC  JP90 201
PAOJUS  JO22 200
ES8RO K028 199
UA4AQL  LO20 199
TVDQ  JMB8 187
ESOSM KOO8 198
DK2DB  JN48 195
FIHDF/P  UN18 194
ES1OX K029 134
ON4ZN®  Jo21 193
PA3AOH  JO31 191
DL3YEE  J042 191
ESTRDR K027 189
ESOHD  KO18 187
HBAMIOP JN3T 185
DG3HS  JOS53 184
ESSRY K038 183
YZTMON NG5 180
DKSWO  J030 177
SP2IQW  JO% 174
OK1KOK  JO8D 173
HBSAOF  JN36 173
OKIVEI  JOT0 170
ES1AD K029 169
DLIAS  JN4O 167
OK1KRY  JNG9 166
SPOFG  JNG9 164
ESUL K029 163
OKICDJ  JOT0 159
DLOMCC  JNSB 159
ESIAW K029 158
OKICA  JOT0 156
DJEXV  JO31 156
ESOBI KO8 154
ES2ON K029 152
0z71s  JOBS5 151
ESBPZ K038 151
CTIFAK  IN50 149
DKOPX N8 147
ESICW K029 142
DLOGTH  JOS50 133
OK2UFB  JN9S 135
RWAAK (sk) LO20 136
ES50A K038 135
OK1DTG/P JOTO 127
YUTAZX  KNO4 126
OZIFF  JO45 125
FIPYW  JN38 124
HBOSIP  JN3B 123
853 INT5 123
OKIVDA  JOT0 123
FIPYR  JN19 120
FEFGO  JN25 118
oLsz JNB9 118
OK2KJU  JNB9 115
DLOSPIP  JOB2 115
OKZKKW  JOBO 115
OE1SOW  JN8§ 112
DLSNEN  JN59 106

1545
1150
1158
0
1420
1080
1026
1392
1480
914
1665
1544
1409
1802
1124
1676
1578
1239
1452
1016
1390
1457
1574
1200
1550
1316
1152
1198
1004
1474
1611
1486
1201
1677
1162
988
1437
1647
1379
1580
1248
1230
1540
1337
1439
175
128
1M
2129
1161
1192
1124
1526
1126
1665
1351
914
974
936
1135
1123
938
0
1390
1061
1318
1315
1040
0
748

1687 0 1861 0
0 2015 2446 0
980 0 2057 O
0 0 0

1684 1840 2218
1720 1797 1965
0 1839 2019
1957 0 2466
1673 0 1729
0 1897 2273
1634 1990 2157
1982 1647 2493
1050 0 2167
1800 0 1780
1994 2158 2195
0 2169 2491
1767 1991 0

11360 3106
0 0 2425
1449 1158 2121
980 0 2194
1341 1722 2345
1450 1480 2106
1750 1000 2101
19180 0

975 0 2183
1091 0 2306
1695 2002 1409
0 1837 2279
129 0 1983
1611 997 1877
1062 0 1920
670 1675 2166
1187 1398 0

1176 1792 2136
1123 1829 2171
977 0 1830
1283 0 1798
15860 0

0 2066 2655
1414 2063 2095
1680 0 1924
1065 950 2096
892 0 2007
1823 1528 0

1460 0 2116
1284 1901 1845
0 0 28320

0 2250 2488 968

——OoODDO DO

&

GQQocCJOOQoQDDGDDDG%DGBBQQQ@OﬁﬁQQQQDDG

0 1815 1648 0
1570 0 2143 0
0 0 0 0
0 0 18830
1480 2158 2301 0
1788 1555 2236 0
13520 0 0
0 1389 2173 1484
1239 1520 2357 0
888 1522 1958 0
0 0 o0 0
1036 983 1984 0
B41 0 22200
0 o 0 0
0 0 22180
6210 0 0
1766 0 1494 0
785 0 1608 0
00 0o o
1286 0 2250 0
0 1767 1640 0

1ina

=N IR TR N R
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1
12
13
14
15
16
1T
18
19
20
21
22
23
24
bl
2%
27
28
29
30
kil
32
3

35
87
39

OKITEH JOT0 103 30 1181 1474 0 2058
13ZVN JNS5 88 32 1212 0 0 2237
OKZPHM JNB9 97 20 829 1265 0 2262
CTIDDW INBO 95 20 2100 0 0 2500
YUIEBC NS4 94 28 907 O 1421 179
LADLTYS/PJO3T 93 22 1207 0 1673 0
DKOFLT  JUN59 83 18 975 0 0 0
CTIDIN  IN6O 91 18 1218 0 0 2338
OKIUDX  JNT9 91 19 537 0 0 0
DKMN  J03287 19 88 0 0 0
CTICAD IM67 85 18 1304 0 0 2249
YUtAAV  KNO4 71 21 828 O 0 20
OKIHRR JOTO 66 16 762 O 0 1890
G7LRQ 1091 60 19 1088 O 0 0
OK2DTF JUN7960 16 805 0 1607 1533
SPEMLK/P JOBD 58 16 853 756 O 1446
DGTSFL  JN48 57 11 759 O 0 1750
OKIVWW  JOT055 15 813 0 1339 1096
FS0IHP JNOB 42 8 666 0 O 0
IW3HTU  JUNS543 13 1180 0 0 0
F1JKY JN25 41 10 T9B O 400 991
1Z0BXT JNB3 37 12 B804 0 0 18946
YZIMGN KNO414 6 489 0 0 1653
432 MHz Toplist
(without EME)
call WW Wkd DXCC Aurora  Es
Loc Sgr Tropo  MS
DKIWG  JO72 217 43 1547 1591 0 0
PAOEZ JO22 209 35 1787 1445 0 0
PAORDY JO22 207 38 1979 1807 1376 O
G3LOR JO02 206 0 2031 1613 0 0
PADOWWM JO22 200 38 1547 1836 0 0
HATYA JNBT 190 43 1438 1221 0 0
DLBasS JO43 189 35 1513 1513 0 0
0zns JOB5 188 32 1409 1048 1294 0
OK1AXH  JO70 181 0 1861 1239 0 0
GIXDY JO02 179 29 1589 1619 0 0
DBEBX JO32 174 34 1550 662 0 0
pLrQy JINS9 173 0 1640 1848 1292 0
PAIDZL  JO21 172 32 1405 1851 1864 O
SMTECM JOB5 171 27 1609 1073 0 0
DJeMB Joso 1M 0 1278 1733 0 0
LY2WR KO24 169 26 1995 1593 1935 0
FBDKW  JN18 168 23 1519 0 0 0
DK1KO JO53 167 0 1643 694 0 0
DBENT JOS50 166 32 1823 0 0 0
DKBAS JO52 164 0 1569 775 0 0
SPEMLK/P JO80 162 31 1780 0 0 0
DF8LC JO53 161 0 1615 1361 0 0
PA4FP JO33 156 32 2114 10100 O
SPEGWEB/P JOBO 155 30 1780 759 0 0
DKIKR JO53 154 0 1400 1827 0 0
OK2BFH UN99 153 31 19140 0 0
PA2CHR  JO22 153 34 1445 1751 1099 0
0Z20E JO45 152 27 2216 1020 0 0
SMBESG JOB7 152 26 1436 T12 0 0
YL3AG KO26 150 20 1571 1041 0 0
DH3NAN  JOS0 147 0 1437 1008 0 0
OKICA JO70146 0 16700 0 O
DL3YEE JO42 144 29 1574 1726 0 0
PA3AOH JO31 148 27 1530 573 © 0
ES2WX KO29 140 17 1232 1415 0 0
OK1KEl ~ JOT0 138 27 1682 1185 0 0
OZ1EP JOB5 138 28 1470 0 0 0
SPOFG JNB9 137 26 1660 O 0 0
OHONC ~ KPO0 136 20 1598 920 0 O
OKIVEl JO70136 21 1532 811 0 O

0
0
0
0
1766

(0DX)
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SP9EWU  JO80 135
OK1KIR/P  JOB0 133

PAOBAT  JO31 133
PADJUS  JO22 133
OHSLK  KP30 132
OK1VMS  JOT70 131
PAJECU JO32 128
ON4PS  JO20 127
PADZM  JO32 122
OE5VRLS JNT8 121
OK2KKW  JOB0 120
FSPAU INB8 118
DKOOG  JNGBB 119
ONdZN  JO21 118
PASDD  Jo2z 117
OK2Q1 JOoBo 114
DL3AMA  JOS1 114
DLOULP  JN48 113
DLEBCT  JO43 113
DJEXV Jo31 13
SP6GZZ  JOB1 112
PE10GF  JO21 112
G3LTF Joor 1M
DHINBB  JN49 109
DLZDR JO31 108
SMECMU  JOS7 108
FIHOFP  JN18 108
DLOGTH  JOS50 108
DL4KG  JO31 105
DG3XA  JO43 105
OK1DFC/P JOBO 104
DKSWO  JO30 104
DCAXH  JO43 104
ES6RQ  KO37 102
DJBES JO43 103
OK1AIY/P  JOTO 102
ON1IM JO11 102
DLIKDA  JO30 102
FSHRY  JUN18 102
OK1DKS/P JOGB0 102
PETHWO JO21 101
DL1SUZ  JO53 101
ON4GG  JO20 98
LYZSA K014 97
FSHGO  JNOS 97
ONdIO JO20 96
DHBGV ~ JO33 95
DLEBF JO32 84
OKIKRY  JN69 83
DK2DB  JN48 82
ES2XM  KO2982
§50C JNTB 81
OK1KPA  JNT9 89
DKOPX  JN4B B9
OK10KL  JO60 BB
ESZRJ KO29 87
DK1vI JN48 87
IZSEME ~ JNS2 86
DGIVL  JO61 88
HBIMIOP JN3T 84
HBYAOF  JN36 84
ESOHD KO18 83
OK1KOK  JO80 81
OKIMG ~ JO70 81
DLTYS Jo62 81
OZ1FF JO45 81
14YNO/4  JO54 81
DLOMCC  JNS8 80
DF1EQ  JO31 80
ES4EQ  KO3980

R B NRBHBNERECORBNERRES

sBRINgeeR

19

1589 1558
1773 0
1535 413
1340 0
1386 1196
1434 972
1385 808
1425 ™21
1358 1693
1524 1031
1186 0
1630 0
1493 901
"o
1462 1025
1410 0
1015 1218
1238 0
152 0
1128 976
1549 870
1288 0
2842 1602
1363 0
1158 0
1641 670
1204 0
11130
1213 0
1310
179 0
1150 0
1133 808
1452 1148
1160 0
1490 0
1410 0
1286 999
1222 583
1118 0
1315 369
1218 707
1407 0
1669 946
1237 0
1407 0
1258 0
B82 894
1350
13
121
77
1176
1168
1198
1261
1125
1458
1245
1096
926 0
1565 614
1486 0
1328 691
1100 0
1092 633
897 0
1338 0
1248 0
1160 907
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110

M
12
13
114
115
116
17
118
119
120
2
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
m
172
73
174
175
176
177
178
179
180

ESOIW KO19 79
DLSNEN/P JNS9 76
DHIYAK  JO31 75
F1PYR JN19 75
OK1FFD  JO60 74
DGBGP  JN48 74
OK1KRQ/P JNE9 73
LADBY/p  JOS8 72
OKISC  JOoT0 71
OM7AQ  JNS8 T1
OK2PWY  JNB9 70
OoLsZ JNBS 70
DLOSPIP  JO62 69
OK1DTGP JOT70 68
DKZMN  JO32 67
RW3PF K093 66
DDOVF  JOB0 66
SMTJUQ  JOB5 65
URSBAE  KN29 64
HBICRQ  JIN4T 63
DL3IAS  JN49 63
ESSWE K038 62
SKBHD  JO6B8 62
DGTSFL  JN49 61
F6FGO  JN25 60
ESONW K029 59
ESOSM KOO8 59
DK2BJ JO30 59
OK2UFB  JN99 56
DHOGHU  JN38 56
HABMV  KNOE 56
OKIVBN  JN78 56
Yozis KNOS 55
LA/DBIDIP JO37 55
OKIPG  JOT0 54
ESIGZ  KO28 52
RBSEF KN78 50
F5DE JNO5 50
SP2UXN  JOS4 49
OK1TEH  JOT0 49
853) JNTS 49
ES1JL K029 48
DKOFLT  JN49 48
ESIRF K029 47
FSOIHP  JNO8 46
DLSNEN  JNS9 46
SM3BIU  JP73 45
GM4JJJ 1086 44
I3ZVN JNSS 43
OE1PLW  JNB8 42
OKZKJU  JNB9 42
OKIKT  JO70 40
OKIHRR  JOT0 40
OK2PHM  JNB9 39
G/LRQ 1091 37
DF5JJ Jo43 37
OK2VMUP JNSS 36
ES1AD K029 35
DFORU  JO62 35
ESOZA KO19 33
ES1DF K029 32
ESICW  KO1932
F1FIH JN23 30
ESOIC KO18 30
OK1DIG  JOGB0 28
ESSMG K038 28
ERSMG  KO38 28
ESOB | KO18 28
ESICR  KO20 27
ESSQA  KO38 26
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1016 0
1213 675
1202 925
1053 0
1232 0

1020 1741 1030

1013 0
1773 0
1035 0
1805 0
740 0
1149 0
912 0
688 0
1324
695
875
651
630
917
1457
1197
1114
731
1289
765
746
1208 0
662 0
880 0
131 0
682 0
1077 0
511
500
796
673
640
626
626
378
930
803
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1296 MHz Toplist

Call WW Wkd DXCC ODX
PADEZ  JO22 141 24 1460
PADWWM JO22 135 24 1208
G3XDY  JODZ 131 25 1561
PAORDY JO22 124 27 1286
DBENT  JO50 123 24 1283
FEDKW  JN18 123 22 1273
OKIAXH JO70 118 0 1444
G3LOR  JO02 118 0 1274
HBIAMHP JN37 114 0 1351
SMTECM  JOBS 111 18 1541
SPEGWB/P JOBD 101 24 1580
PAOBAT  JO31 101 22 1368
SMBESG JOB7 98 18 1445
DBEBX  JO3299 25 1125
SPEMLK/P JOBD 92 23 1580
OESVRLS JN78 92 18 1524
0220E JO4592 17 1425
OKIKIRP JOBD 92 22 1208
OK2BFH JN9G 91 20 1713
FS5PAU  IN8B 89 19 1630
GGDER 1093 89 20 1306
PAIDZL  JO2183 19 1000
PAJAOH JO3188 21 1376
SMODFP  JOB BT 16 1155
DL7TQY  UNS9 86 0 1261
OKIDFC/P JOB0 86 17 1177
DKIKR  JO5386 0 1097
PAAFP  J03386 17 957

DL3YEE JO4285 16 1136
DKOOG  JNB8 83 18 1161
OKIVEl  JO70 82 14 1313
0zZ7is  JoB582 18 1205
F5HRY  UN1B B2 13 1084
DKBAS  JO5281 0 1421
OKIKEI JO7081 16 1316
FIHDFP JUNIBBO 9 886

PASDD  JO2279 18 1302
HBIAOF JN36 77 15 475

DCOYC  JO31 74 16 1046
DLOUUP JUN4B 74 17 962

OKIAIYP JOT0 73 0 1490
OKIVMS JO70 73 19 1302
PAOJUS JO2272 16 1265
HBIMIOP UN37 72 0 1000
DHINAN JOS0 71 0 1143
DHINBB JN43 71 13 1016
OKICA JOT070 0 1421
PADZM (sk) JO32 69 16 1329
DKSWO  JO3069 16 1137
DL2DR  JO31 68 13 1158
DCAXH  JO4367 14 1090
DLOGTH JOS0 67 16 1073
DFIEQ  JO3167 0 908

OK2KKW  JOB0 66 18 1128
ONPS  JO2065 14 1098
PAZCHR JO2284 18 1352
GALTF  JOO163 0 1417
OKIOKL JoeD 63 0 177
SPOFG  JN99 B2 17 1492
OKIDKS/P JOB0 62 13 1207
DLISUZ JO5361 14 968

OKIFFD JOBD 60 14 1058
DJBES  JO43 80 10 1025
ON4GG  JO2080 10 982

OHONC  KPOOST 13 1592
ONdANT  JO2057 § 914

DJBXV  JO3156 11 946

DCBUG  JO30 56 10 900

101
102
103
104
105
106
107
108
109
10
11
12
13
114
15
116
"7
118
19
120
21
122
123
124
125
126
127
128

130
13
132
133
134
135
136
137
138
139

DL3IAS  JN49 55
DCODA  JO31 55
LY2WR  KO24 53
FIPYR JN19 53
PETHWO JO21 52
DLING  JN4G 51
DKOFLT  JN59 51
DLIKDA  JO30 50
DJIKP JO40 50
OZIFF JO45 49
SPOEWU  JO90 48
SDK2MN  JO32 48
DKOPX  JN4g 47
FECGB  JN18 46
DFSJJ J043 43
$50C JNTE 43
IZSEME  JN52 42
DJEMB  JO30 42
YL3IAG K026 42
HATYA N8BT 42
OK1KEIP JN79 41
ESZRJ KO29 40
OK1KRQ/P JNGS 38
DK2DB  JN48 39
LA/DB1DIP JO37 38
DK2BJ JO30 38
DGIVLP  JOB1 37
ON4KHG  JO10 37
IoLVAD  JNB2 35
GTLRQ 1091 35
ES2ZWX  KD29 35
DGEGP  JN48 33
DH3YAK  JO31 33
ES4EQ K039 33
ES6RQ K037 33
FS5HGO  JNO5 32
HABV KNDG 31
14YNO/4 NS4 30
DKV JN49 30
ESSWE K038 29
DLTYS Jos2 29
13ZVN JNS5 28
IW3FZQ/4 NS4 27
ESOSM KOO8 26
F6FGO  JN25 26
OH5LK  KP30 25
LAOBY/p  JO59 25
OK1DTG/P JOT70 24
oK201 JOB0 23
F1FIH JN23 23
OKIVEN  JN78 22
G4LDR o9 22
HABMV  KNOG 22
OKIPG  JOTO 21
PE1OGF JO21 21
OK2BFF/P JO80 21
ON1IM Jo11 20
OK2VMU/P JNS9 20
DLOSPP  JO62 20
OK1KRY  JN69 19
OK1KPA  JNTS 19
OKZBBF  JNB9 19
oLsZ JNB9 18
F50IHP  JNOB 17
IW3HTU NS5 16
853J JNT5 16
DLSNEN  JNS9 16
ES1RF K29 15
DGTSFL  JN49 15
OKITEH  JOT0 15
ES1AJ K029 14
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1079
1034
1026

1315

815

1036
876
BET
862
740
765
962
873
1013

723
642
1152
746
692
732
715
636

796
630
754
7
1249
535
1187
732
873
838
1349
1098
742
1275

593
576

536

570
430

783
563
694
517

410

343
531

140
14
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

ESZXM
DFORU
ESZWR
ESOZ
FSDE
sMruQ
ESINJ
OMTAQ
ES1MW
ESOW
OK1SC
OK2ZPWY
OK2KJU
OK2PHM
IT9VDQ
ES10X
ES1DW
DG3XAP
Yozis
OK1HRR
DL3AMA
ES1TCA
ES2NA
OK1ZVP
ESONW

K029 14
JOB2 14
K029 13
KO18 13
JNDS 13
JOBS 12
KO29 12
JNB8 12
KO29 11
KOs 1
JOT0 10
JNBS 10
JNBS 10
JNBS 10
JNBB 8
KO29 8
K029 9
JO43 8
KNO5 8
JOT0 8
JOs51 8
KOo28 7
K028 6
JOB0 6
K018 5

R o= £ PR W R U EU - OO &t &~ ROt wWwa

478
KIE]
694
453
440
1061
507
426
507
443
440
357
347
341
B899
e
330
664
472
292
162
246
349
263
190

2320 MHz Toplist

PADEZ
PAOWWM
DBBNT
PADRDY
GiLGRrR
G3XDY
SMBESG
PADBAT
OKIKIRP
OESVRLS
SM7ECM
pLray
GEDER
OK1AIYIP
PA4FP
DLOGTH
FSHRY
PASDD
DJIKP
DCBUG
PAIDZL
OK10KL
DF1EQ
DLouLP
0Z20E
DKOOG
HBOMIOIP
DCoDA
Dceye
DL3NQ
0zZ7s
DL3YEE
DHINBE
DKOPX
DL2DR
DK2MN
10LVAID
OK2BFH
DLisuz
FiPYR
PA3AOH
OK1KEIP
DL3IAS

Jo22 B4
Jozz 74
JO50 73
Joz2z 85
JO02 58
Joo2 55
JOB7 53
JO31 52
JOB0 51
JINT8 50
JOB5 50
JNSG 47
1093 46
JOT0 44
J033 44
JO50 42
JN18 42
J022 40
JO40 36
JO30 35
Jo21 34
JOBO0 34
JO31 34
JN48 33
JO45 33
JNB8 33
JN37 32
J03t 3
JO31 30
JN4g 29
JOes 29
Jo42 29
JN49 27
JN48 26
JO31 26
Jo3z 25
JNB2 25
JNS9 24
JO53 24
JN19 24
Jonn 23
JNTS 23
JN4g 23

15
16
15
15
0
13
B
14
10
12
9
0
18
0
12
7
6
10
0
8
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1028
1155
1119
1000
1006
1176
1054
923/882
115
12917495
942
1018
1265
1296
mm
1052
877
1155
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DK2DB JN4B 22 D 873
OKIDKS/P JOB0 22 4 602
SPEGWB/P JOB0O 21 5 650
FIHDFP JN1B 20 3 621
OKIDFC/P JOB0 20 6 549
SMODFP  JOB2 20 4 520
13ZVN NS5 19 7 603
DJBES Jo4z 19 7 1025
ON4PS Jo20 19 & 574
HBYAMH/P JN37 18 0 933
G3LTF Joo1 18 1 902
LADBIDIP JO3T 17 7 825
S51w1 INT5 17 5 533
HATYA JNBT 15 5 476
OKIKRQ/P JNES 15 4 350
DKBAS  JO5214 0 620
DKIKR  JOs314 0 792
PAOJUS JO2213 5 800
SPOFG JNG8 13 5 747
OK2BFF/P JOBO 13 6 418
DJBXV Jo3r 12 3 396
IZSEME  JUN52 10 3 552
G4LDR 091 10 2 444
IW3FZQ/4 JNS4 10 3 403
OK1KEI  JOo70 8 4 786
IW3HTU  JNS5 9 2 542
OK2VMUP JN99 8 4 376
FGCGE  JN1B B8 0 407
S50C JNT6 8 § M6
OK1CA JO70 8 1 2N
SPEMLKP JOBDB 3 212
F1FIH JNZ23 8 1 238
OM7AQ  JNSB T 4 412
DGEGP  JN4B 7 2 388
DGIVLUP JOB1 7T 2 262
OKWPG JOTO6 4 855
OKIKRY JN69 5 3 189
oK2a1 Josp 4 2 305
F5PAU INBBE 4 0 260
oLsZ JNB9 4 3 158
OKIVBN UN783 3 158
DLIKDA JO303 2 98
GBBKEP 1080 1 1 114
3400 MHz Toplist
DBENT JOs50 44 7 747
PADEZ Jo231 8 835
PAOWWM JO2228 6 8501660
PADBAT JO31 26 5 720029
G3LQR JO0223 0 924
PASDD Jo2219 5 B67
PAORDY J0O2218 3 643
GIXDY JO02 18 5 980/206
DCODA  JO3117 1 660
GBDER 1093 16 7 859
PA4FP JO3316 5 733
DK2MN  JO3216 3 422
DLING JN48 15 5 637
pL7Qy JN59 15 0 565
DCBUG JO3D13 6 T4
DF1EQ Jo3113 0 532
DKOOG  JNBB 13 3 476
DL2DR JO3113 0 470
DLGNCI  JO50 13 3 413
HBOMIOP JN3T 12 0 463
DK2DB  JN4B 11 0 331
DL3IAS  JUN49 10 2 414
DKOPX  JN4BO 0 632
DLOULP JN4BO 1 200
DLOGTH  JOSD 7 2 466
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DGWUP JOB1T7 2 320
OK1AIY/P JOTOE 0  T7ed
OKIKEUP JUNTO9 6 2 306
0Z20E JO455 4 772
DJBES Jo435 3 578
DJEXV Joa1s 3 396
S51WI JNT53 1 98
OKIDFC Joso2 2 59
GBBKEP 1080 1 1 114
SPEGWB/P JO80 1 1 2
SPEMLK/P  JOBO 1 2 1
5760 MHz Toplist
DBENT JO50 51 16 1083
PAQEZ JO2249 9 1028
SMTECM JOBS 48 9 960/647
FSHRY  JN1848 8 686
OESVRL/S JN78 40 10  901/683
HBOAMH/P JN37 38 9 929
PADBAT  JO3138 11 884729
PAOWWM J022 34 @  B863/589
HBIMIO/P JUN37 34 0 694
FIPYRP JN1933 0 0
G3XDY  JO0230 9  1240/540
SMBESG JO6T 30 6 951
FIHDFP  JN18 30 4 638
PASDD  JO2228 8  B6TM1S
DLBNCI  JOS025 9 600
G3LOR JO0228 0 949
FIGHBIP N8BS 22 4 779
13ZVN JNS5 18 7 573
OKTKENP JNT9 18 7 466
SPEGWB/P JOB0O 17 5 1024
DKOOG  JNBB 17 4 476
OKIKIRP JOB0 17 3 393
SMODFP JOB9 16 & 1086
OKIUWAP JOT0 16 1 998
S51JMP  JN65 16 5§ 557
S51W1 JNT5 15 4 586
DL3IAS JN4G 15 5 458
GEDER 1093 14 8 947
OK1AIY/P JOTO 14 0 736
DLOULP JUN4B 14 5 660
IOLVAD  JNB2 14 0 557
DKZMN  JO3214 3 422
G4LDR 1091 13 4 444
PA4FP JO33 12 4 733
DCobA  JO3112 1 660
DL3NG JNn49 12 4 318
OK2BFH JN99 11 5 756
DCBUG JO30NM 5 724
0zZ7Is Joes 11 4 593
DK2DB  JN48 11 0 315
bLTQy JNS8 10 0 565
DGIVLIP JOB1 10 4 525
OK1OKL JOB0S8 1 611
DKOPX  JN4B 9 0 409
IW3FZQ/4 JNS4 9 4 291
DL2DR  JO3t9 0 201
IWIHTU  UNSS 8 3 542
LADBIDIPJO37T 7 5 746
DLOGTH JO507 2 674
FBCGE  JN1IBT 0 407
HATYA  UNBTE 5 461
SPEMLKP JOBO 6 4 339
OK1DKS/P JO606 1 318
DCBEC/P JUNST 6 1 278
OZ20E JO455 5 679
DJBES JO435 5 578
DFIEQ JO315 0 461

112

SSRIR2ZER

5

DJBXV Joars 2 176
OK2VMU/P UNSS 4 2 376
OKIKRY JN693 2 175
S50C JNTE S 1 126
FECGBP JN242 0 375
GBBKEP 1080 2 1 242
OKzQ! Josoz 1 108
ES2WX KO282 2 89
OK1KRQ/P JN&3 1 1 %
OK1SC  JO70 1 1 10

10368 MHz Toplist

Call Loc Sqr Dxcec ODX
TropolRS
FEDKW  JN1B 84 14 1215
PADEZ Joz82 14 1028
FSHRY JN1B 77T 10 &77
PAOWWM JO22 72 14  BS0/B11
DBENT  JOS0 71 19 1083
PADBAT JO3168 13  BB4T29
OESVRL/S JN78 65 14 1135786
DKIKR  JO53 65 12 168725
SMTECM JOB563 11 1110711
DM2AFN  JOB1 83 18 923

HBYAMHP JN37 62 12 998

OK1JKT/P JOB0 58 14  655/845
G3XDY  JO0Z 55 13 1240/881
G3WDG 1092 55 0 1135
PASDD  JO2255 11 867
FIHDFP JN1B S5 8 867
G4KGC 1092 83 0 1135
G3LGR  JO02 52 0 1006
IBXCK/E  JNB3I 52 0 768
DF5JJ JOo43 51 11 611781

OK1VAMIP JO60 50 15 830

DL4EAUIP JOS148 8  B26
PABAOH JO3148 9 T4
DLIYEE JO42 48 12 625700
DGIVUP JOB1 46 10 807
DJIKP JO4046 0 656
HBOMIN/P JUN3T 45 0 839
DKOOG  JN68 45 12 563
IBCXBMB JNB3 52 0 751
SPEGWB/P JOBD 44 10 829
OKIDIG  JOB0 44 12  551/688
DL3NG JN4G 42 8 712
DLGNCI  JO50 42 11 567/960
DL3IAS  JN49 42 11 690
HBOMIO/P JUN37T 40 0 744
OKIVAM UN7925 6 630
G4BRK 1091 38 0 1115
DKOFLT  JNS9 38 10 683
DCBEC  JNST 38 12 661
S51JMP  JN6S 38 13 637
SMEESG JO67 38 6 1275
IWGCVN ~ JN63 38 11 G18/B24
DLOULIP JN48 38 B 658
IOLVAID  JNB2 37 8 B850
14XCC JNB3 37 11 729788
LX1DU JN29 3T 0 TOO
OKIKEWP JN79 37 10 639
DKBZP JO4037 0 586
DHONBE JN49 36 9 634
G3GNR 1070 34 0 1275
HBSRG  JN4T 34 0 761
OK1AIYP JO7034 0 736
OK2BFH JNSS 33 7  769/660
G4LDR 081 32 8 1118
DLENAQP JO4032 8 656
DK2MN  JO3232 8 633
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101
102
103
104
105
106
107
108
108
110
m
112
113
114
15
116
17
118
119
120
21
122
123
124
125
126
127

DCSYC  JO31 32
G4DDK  JO02 31
SPEMLKP J080 31
DL1BKK  JO43 30
OK1DFC/P JOG0 30
DLOGTH  JO50 30
EABADW/P JM19 29
IWGAEG/S JNB3 29
OZ1IPU  JO57 28
OK1KIR/P JOB0 28
OK10KL  JOB0 27
FECGB  JN1B 27
FIGHB/P INB8 27
S50C INTE 27
pLisuz  JOs3 26
PA4FP J033 25
DKOPX JN48 25
S51WI JNTS 24
DK4GD/P  JN48 24
ON4KHG, JO10 24
0Z20E  JO45 23
ONTWR  JO20 23
DJBES JO43 23
132V JN55 23
OK1DST  JN79 23
DCODA  JO31 22
DLZDR  JO31 22
DLICF Jo4z 22
G3LTF Joo 21
SMODFP  JO89 21
DJSVW  JO31 21
DCBUG  JO30 20
DB1BX  JO32 20
DL4VCG  JN39 20
DFSQX  JO42 19
DK2DB  JN4B 19

LA/DBIDIP JO37 18
DLSNEN/P JN4G 18
HAIYA  JNET 16
OK2PWY  JOBD 16
IW3FZQ/4 JNS4 16
ONTYK  JO20 16
FSPAU  INBB 16
OKIKRQ/P JN6 16
HB9AMH  JN3T 15
DL7QY  JNS9 15
OK1UWAP JOT70 15
FECGBP JN12 14
IWSADB  JNS3 14
GIPMK 1093 14
OZIFF  JO45 14
SPOFG NG99 13
0z1D0Q  JOGS5 13
DFTIAZ  JN4 12
OHONC  KPOO 12
GWALXO 1081 12
GIKNZ 1091 12
OK1DKS/P JOBO 11
DJBXV  JO31 10
G4LRT 1092 8
IW3HTU  JNSS 8
IW3OCV  JNGS 8
FSHRY/P  JNOB 8
DLIKDA  JO30 8
DFIEQ  JO31 7
DFIEQP JO31 7
ESOSM  KOOBS
DGOCAL  JO52 5
LABAK  JO38 5
OK201 JOBD 4
GESBKEP 1080 4
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599

901
752/352
842
668
240
1090
5

941

658
795
677
669
505
362/572
865
567
586343
566
5651496
789
756

670

573

402
818
603

0
902/435
769

474

753
705
533
504

432
825
466
564
558/594
557

494

430

325

567

492

434
19
1053
958

740
611/518
472
515
269

309

247

616

285

824

542

53z

491

4m

283

283

256
212
303
242

FSOIHP  JND8 4 1 149
OK2VMUFP JN3g 3 2 376
PADUS JO223 2 M5
DH3NAN ~ JO50 3 0 134
DGSNEX  JN49 1 0 173
OKIKRY  JNEBS 1 1 78
GMOICF 1075 1 1 53
DLOSPP  JOB21 1 28
SM4SJY  JPTO 1 1 160
24 GHz Toplist

DBENT JO50 13 6 403
OESVRLS JNTB 11 3 2897289
PAOBAT  JO3110 3 403403
PADEZ Joz2 10 4 M
DCBEC/P JNST 100 2 m
HBSAMH/P JN37 10 0 286
HBSMIOP JN3T 10 0 172
IW3EHQ/P JNG6 8 1 461
IOLVAD  JNGB2 8 3 444
DJIKP Jo40 8 (U
DCODAP  JO41 8 1 131
OK1AIYP JO70 7 0 28
SMBESG  JO6T 7 3 42
EAGDF5J) JM18 7 2 226
DKDOG  JUNGB 7 2 193
S51UMP  JNG5 6 3 293
DLING  JN4B B 3 287
DLBNCI  JOS06 3 280
IW3IFZQ/4 JIN54 6 3 250
PAOWWM JO22 6 3 2101210
13ZVN JN55 6 2 210
PAJAOH JO31 6 2 166
GIQGR JoO25 0 261
OKIKIRP JOBOS 2 227
OK10KL  JOB0 5 0 185
DL3YEEP JO42 5 1 151
DK2MN  JO32 5 2 132
FIPYRIP  JUN18 5 0 o0
PASDD JO224 2 24
OKIUWAP JOTD 4 0 188
COK1DFC/P JOB0 4 2 185
DKgzP JO40 4 1] 178
SMTECM  JO65 4 2 168/168
DKOPX  JN4B 4 0 188
FIGHB/P IN88 4 0 158
G3GNR 1070 4 0 154
DL2DR Jo31 4 1 98
FSHRY JN1B 4 1 9
FIHDF/IP  JUN1B 3 1 230
OKIKEIP JNT9 3 2 189
GAKNZ/P  JOO02 3 0 173
IW3AHTU  JUN55 3 1 160
DGIVLP  JOB1 3 2 13
DLOGTH  JO50 3 1 108
GWBBKEP 1071 2 1 170
DFIEQ  Jo312 0 133
FECGBP JN122 1 o
pDCOYC Josr2 2 67
DF5JJ JO43 2 1 1185
0Z20E JO45 2 1 52
DK2DB JN4E 2 0 48
SMODFP  JOBS 2 1 36
SPOFG JNGG 2 1 kx|
GBBKE/P 1080 1 1 139
FSOIHP  JNOB 1 1 90
CTiFP IN5D 1 1 82
CTIDMK INSO 1 1 82
DUBXY Josatt 1 75
Dusvw o Jos1 1 61

P

222288

000~ U b D R s

L3 L3RI PRI RI B3 PRI A BRI A3 R R) =& =4 —h =& —h b —a —a
—Dmmwmmhmm—gmﬂn-ﬂmm&um-&ﬂ

LI T R X

[E I S =  S

OK10GS/P JN69 1
F6CGB  JN18 1
OK1JKT  JO8B0 1
DL7TQY  JNS9 1
SPEGWB/P JOBOD 1
SPEMLKP JO80 1

B T,

47 GHz Toplist

DF1EQ/P  JO30 10
HBSMIOP JUN3T 8
DCODAP  JO41 7
IWIFZQ/4  UN54 &
I3ZVN JNS5 5
HBOAMH/P JN3T §
OESVRUS JNT8 3
IW3EHQ/P JNG5 3
DL2DR JO31 3
OK10KL  JOB0 2
OKIUWAP JOT0 2
OK1AIY-P JOBO 2
DBENT JO50 2
DL6NCI  JO50 2
DKOOG ~ JNes 2
DKOPX  JN48 2
PADBAT  JO312
DL3YEEP JO42 2
DK2MN  JO32 2
DCBECP  JNST 2
PASDD  JO22 2
FIPYRP JN19 2
DLHBIAMH/P JN48 1
GWBBKEP 1071 1
IW3HTU  JN55 1
GBBKE/P 1080 1
OKIKIRP  JOBO 1
CKIAIY/P JOT0 1
SPEMLK/P JOT0 1
CTIFP INSD 1
CTIDMK  IN50 1
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76 GHz Toplist

HBIMIOIP IN3T 4
DBGNT  JOS0 2
DCODAP  JOS0 2
GEBKE/p 1080 1
GEBKEP 1091 1
OKIAIY/P  JOT70 1
DCBECP  JNST 1
HBIAMHP UN37 1
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145 GHz Toplist

DBGNT  JOS0 1
IWIEHQ/P JNE5 1
DCODAP  JO41 1
GTFRE  JOO1 1
G4FRE/P  JOO1 1

241 GHz To

DBENT JOs0 1
HBIMIOP  JN3T 1

p
1
1
1
1
1

P e ]
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1 2
1 1

All entries WITHOUT any EME-QSOs!

Ranking on 6m: 1.) Squares 2.) DXCCs
Ranking on 2m and above: 1. Squares 2. Tropo-
ODX {on 23cm and up: Tropa/RS-0DX)
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DUBUS Order form - Bestellformular

Quantity / Anzahl
> TECHNIK 1, 2, 4 + 5 book — Buch SOLD OUT!!! / AUSVERKAUFT!!! «
...... x TECHNIK 3 book — Buch EUR 20,-/USD 25,-= ..... EUR/USD

This includes surface delivery outside Europe! Add 5 USD/EUR for airmail.

DUBUS Magazine back issues / dltere Einzelhefte:
2/81, 4/81, 1/84, 2/84, 4/84, 1/86, 1/87, 2/87, 3/87, 4/87, 1/89, 2/91, 3/91, 4/91,
2/92, 3/92, 4/92, 1/93, 3/93, 4/93, 2/94, 3/94, 4/94, 2/95, 3/95, 2/96, 4/96, 4/97

Mark issues you want. Bitte gewiinschte Nummern markieren.
Price per issue, DL: EUR 3,- inkl. Porto, Other: EUR 4,-/USD 4,- incl. Postage

Anzahl der Hefte .. ... x EUR 3,- & oasaa EUR
Nr of back issues . . ... x EUR4,-/USD4,- = ...... EUR/USD
. x DUBUS 1998 complete set (Jahrgang) EUR 20,-/USD 25,-=.... EUR/$
.x DUBUS 1999 complete set (Jahrgang) EUR 20,-/USD 25,-=.... EUR/$
. x DUBUS 2000 complete set (Jahrgang) EUR 20,-/USD 25,-=.... EUR/$
. x DUBUS 2001 complete set (Jahrgang) EUR 20,-/USD 25,-=.... EUR/$
. x DUBUS 2002 complete set (Jahrgang) EUR 20,-/USD 25,-=.... EUR/$
. x DUBUS 2003 complete set (Jahrgang) EUR 20,-/USD 25,-=.... EUR/$
..x DUBUS 2004 Abo / Subscription DL / EU: EUR 20,- = . EUR
.. x DUBUS 2004 Subscription: Outside EU: EUR 30,-/$30,- = . EUR/$
Gesamtsumme /totalamount : . ......... EURO /USD

(Books, Back issues, Subscriptions)

DL: Gesamtsumme bitte als V-Scheck oder bar beilegen.
Outside DL: Please enclose total amount in cash.
(No creditcards, no foreign cheques)

-> If you transfer to our bank account, please note our new account number on page 6!!!
Bitte einsenden an — Please send order to:

DUBUS-Verlag, Griitzmiihlenweg 23, D-22339 Hamburg, Germany
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23 CM MOSFET LINEAR POWER AMPLIFIER

BY DB6NT

These new developed power amplifiers, equipped with LD-MOSFET's are characterised by high
linearity of the output signal and by a high efficiency (up to 55 %). These amplifier modules are
thermally very stabile and can be used due to their high linearity for all operating modes, especially
SSB / DATV / DVBS / DVBT. Compared with previous amplifiers in 12 V technologies with bipolar
transistors (modules) a new generation of 23 cm linearity amplifiers has start with these amplifiers.

Complete modules with power supply will follow.
» Frequency range: 1240 - 1300 MHz

Power Supplies for 12 and 24 V, ) o
150 ...’500 Watt are available! | ~ ™iied Aluminium case
» Input connector: SMA

. Power supply
12V/40 A » Output connector: N

pi =
! 217,00 € » operating voltage: +26 V

» control voltage: 12-14 V

Technical Specifications

Type MKU 13100 B MKU 13200 A MKU 13200 B
Input power: 5 Watt 0,5 Watt >10 Watt
Output power at 50 Ohm: >100 Watt >200 Watt >200 Watt
Saturation power: typ. 150 Watt typ. 250 Watt typ. 250 Watt
Built-in Sequencer no yes yes
Price: 795,- EUR 1695,- EUR 1495,- EUR
L * e :
nl & | Dear Customer and Friends!
T et im ; Thank you for your trust < | >
g IEm_-::-w in our comparny. tgj
3 k P Merry X-Mas and a Happy 3w~k
New Year!

We develop and manufacture professional devices for frequency

range 1 ...50 GHz according to customers specification, like
amplifiers, mixers and oscillators.

For more technical details Kuhne electronic GmbH .
please visit our website Scheibenacker 3
& D - 95180 Berg / GERMANY
EJHNE electronic GmbH ~ www.dbnt.de Tel. 0049 (0) 9293 — 800 939
MICROWAVE COMPONENTS E-mail kuhne.dbBnt@t-online.de  Fax 0049 (0) 9293 — 800 938




JBUS, Griitzmiihlenweg 23, 22339 Hamburg, PVSt., DPAG, Entgelt bezahlt, C11159

In this issue:

1 Watt PA for 24 GHz by DL2AM

This is the final issue of the year 2003.
Please renew your subscription for 2004 now.

Thank you!

Dies ist die letzte Ausgabe des Jahrgangs 2003.

Bitte das Abo fiir 2004 ab 1. Januar verlangern.

Danke!

info@DUBUS.de

- FRANERN I A e
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