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Welcome to the 1% edition of the
International EME onference

We are very glad to be hosts for this edition of the International EME Conference.
It has been a demanding task, but a rewarding one for sure.

130 participants from 20 countries covering 5 continents are big numbers, and we have to
thank you be fore anyone else for your presence.

The contents of the conference papers are top notch, with  topics spacing from Dish
Contruction to the latest results in digital techniq ues, so a well deserved Thank you I We
address to the lecturers.

We thank all the  volunteers from A .R.l. Local Chapters of Mestre and Treviso for their
collaboration and support . Thanks to A.R.l. national and regional managements for their
enthusiastic contribution.

We canét forget to thank all of our dievedimahisproject, s pon
for their technical and financial help.

A very special thank you goes also tothe collateral program staff!

We hope for you all to enjoy your stay here in Venice, and we look forward to the next one!
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IKIUVL & BXT\ Signapolarity in V/UHF bands
Chapter 2

Giorgio Marchi & Flavio Egano (email: ik3xtv@gmail.com ; marchi.uwl@gmail.com )

EME 2014 i Parc du Radome, Pleumeur Bodou France
Chapter | : lonospheric interactions with EME signals

Synopsis:

Cap.| T 2014
l onosphereds meteorology: QSB in 2 m.
Building an Excel sheet for 2 m Faraday calculations.

Panoramic of polarity on moon passes

Cap. Il - 2016

Spat ial offset as function of distance and direction.
Extension of Excel sheet to other V/UHF bands
Analysis of polarity for each band.

Numbers and orders of magnitude of qualitatively known characteristics.

EME 201& Chapter Il Signal Polarity in V/UHF bands

Hello, nice to meet you again. Why Chapter 11?

Background, Chapter |

We both operate on the 2 m band, and had decided to investigate Faraday and QSB effects, so
common on this band.

Inthe 2014 France  meeting, we showed you our studies on what happens in the ionosphere to
a 2 m signal.

Specifically: the type of QSB one can expect, and the polarity of the returning wave over a full
moon pass.

Conference Proceedings 7
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Pol. trends

+« Spotter IKIUWL, band 144 MHz, on Dec 19, 2012 — Moon 11.00 — 23.00 UTC
« All graphs computed for stations in a rose of directions
O

®=k*(F*cosFM)*(VTEC*corr*Ka)/f2
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All the polarity calculations were made with an Excel sheet we built.
1 Date [ Call Loec. Lat. Long. [Lat. mag.| Corr. Dag | Corr.night F Incl. Decl. loccony. |Conv.lat| Calc F |Dourbes
2 [ en212012[SPAMPE | KOOSHT 5381 2063 5065 033 020] 044358 68.77 454
3
4 [ UTC |cotvimetorone]  A2() | EI(] | hikm) Ka | VIECDibs Corr. ¥TECloc.| STEC | cosFM Fot (] Fotirad) | OffsetP1 | P1(0.80]
5 10.00] 1104 123] 83 187 384 1552, 045 1424 5184 03367 5128] -8.95 616
5 10.30] 1134 135 e 185 327 15,00 045 13.72] 44790471 5487 358 645
7 1100 12.04 142] 14.5] 182 2.9 14,08 0.4 1280 37.78] 04912 5450 -351 62,0
3 1130 12.34 143] 17.0] 182 2.7 1382, 0.4 1251 339005543 5513 363 717]
3 12.00] 13.04 15| 19.0) 182 25 13.68] 0.4 IZ,‘_OI 313606042 | 971 755
10 1230 1334 163 24 13,68 0.4 12,40 29.74] _-06435] -562.1 3381 73.7]
1 13.00 14.04 171 217 187] 2.32] 1410 0.45 12,82 23,73 .u.sﬁé‘j 6864 1023 345
12 13.30) 14.34 17| 22.2 197 2.28] 1211 0.45 10,83 246607083 -512.3) -8.95 888
13 14.00] 15.04 138] 22 201 228 1053 0,45 9.25 2107] 06386 4243 742 864
1 14.30 16.34 193] 215 221 2,31 1055, 045 9.27] 214006751 -424.2 7.40) -82.2]
15 15.00) 16.04 201 203 259 2.36) 10,00 0.45 8.72 2060] 06435 -393.0) -6.36 774
1 15.30) 16.34 208 18.7] 307 245 7.89) 0.45 661 16.17] 06129 2910 5,08 734
17 16.00) 17.04 215 165, 328 259 6.32] 0.3 5.38] 231 403 695
18 1630 17.34 222 140 389 2,75 5.26] 0.20) 459 -191.0) 333 68
13 17.00] 18.04 229 110] 408, 2,35 447 0.20) 330 1453 255 -62.8
20 17.30) 18.34 235 7.7 a1 3.20) 453 0.20) 4,08 0. -1350] <z,§1 -60.2
21 18.00] 19.04 241 42 432, 341 434 0.20) 3.77] -0.2686 1013 477 58,0
22 18.30, 19.34 247] 03] 451 348 395! o.zj 3.38] 177] .u.mi 524 -1,09] 56,1
36 Date Nomin Loec. Lat. Long. |Lat. mag.| Corr. Day | Corr.night F Incl. Decl. Lloccony. |Cony. lat| Calc F
| 37 | t6n212012[ PAIFPQ | JOZ2KE 52,19 5.36] 5051 0,93 0.20] 043880 66,93 023
38
33| UTC [eavimeteor.orel fz() VTEC Dibs Corr. ¥TEC loc.| STEC | cosFM Fot. (] Rot(rad) | OffsetP2 | P2(0.180)
40 10.00] 10.05 18] I ; 14.74) 0.45 13.48 56,76 0,202 3231 5.74] 554 55,4
4 10:30) 10.35 122] ; ; 16,05 0.45 14.73) 5816 02974 4355 865 576 576
2 1100 1105 128] ; ] 15,52, 045 14.26] -0.3869 555, 9.70) 60, 60,1
4 1130 1135 135 ; 7 15,00 0.45] 13,74 42,98 04725 5819 10.16] 634 634
44 12.00 12.05 141 ; ; 14,08 0.45 12:82] 361005427 5613 9.0 66,6 666
45 12.30 12.35 14| : I ls.g[ 0.45] 12.56 3235] 06055 5612 9.79 704 704
46 13.00 13.05 155 X : 13.68] 0.45 1242] 2382 06558 560.2 978 745 745
47 13.30 13.35 163] ; ; 13,68 0.45 1242] 2827] 06956 563.4 983 794 734
4 14.00 14.05 170| Y ; 14.10] 0.45 12,34 zsz_sl -0.7139) 532.6 10.7 83.7) 837
43 1430 14.35 178] X ] 121 0.45 10.85] 2343] 07319 4328 8,60 88.7| 887
50 15.00) 15.05 138] 240 201 2,16] 1053 0.45 927 19.99] -0.7304 4184 7.30 -86.2 9338
51 15.30) 15,ﬁ 193] 233 221 213 1053 045 9.27] 202807151 4155 7.25] 813 98,1
52 16.00] 22, 259 2.25 10,00 045 8.74] 19.68] 0,684 3854 673 763 1031
53 1630 203 30—71 2.33 789 045 663 B44] 05444 2852 4.38] 728 107.2
54 17.00] I 18.0] 328 248 6.32] 0.3 539 13.37]__-05308 2282 335 685 1112
55 1730 2 15.4] 389 254 5.28) 0.20) 4.70) 1240] 05258 1868 3@1 <65 1143
56 18.00) 1 123] 408, 285 447 0.20) 391 1112|0483 u_z,:?i 243 617 1183
57 18.30] 18.35] ﬁi 83 47| 30 463] 0,20 407| 1264] 03655 1324] 231] 53,0 1210

Results were checked by comparison with real decodes of the same stations lasting at least one

hour. For our

Our Excel sheet

research, we built a big library of station pairs.

Building the sheet for each pair of stations is a lot of work, due to the amount of da
These are: Moon position during the pass, ionospheric density and thickness for that date, the
geomagnetic field above that locator.

ta necessary.
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L ™M
Moon Sked l
A B 8] E F
1 | Data Nomin \ Loc. Lat. | Long. [Lat.m 1. Day }/ Corr.night F Incl. Decl.
2 1621202012 | SP4AMPE 3HT 5381 2083 0,65 0.20 044358 88,77 454
3 < -
4 UTC  |oratec(rit.ores] A2() EI() h(km] Ka YTEC Dibs Corr. ¥TEC loc.| STEC cosFL
5 10.00 11.04 123 8.3 187/ 384 15,52 045 14.24 5184 03367
8 10.30 1134 135 1e 185/ 327 15,00 045 1372 4473 -0.4171
7 11.00’ 1204 142 15 182 295 14,08 045 12,80 37,78 -0.43912
8 11.30] 12.34 143 17.0 182 2,70 13,82 045 12,54 3380] -05543
3 12.00 13.04 156 13,0 182 253 13.68 0.45 12,40 3136 -06042
10 12.30 13.34 183 208 185 240 13,68 045 12,40 29.74 -0,6435
1" 13.00 14.04 171 217 187 2,32 14,10 045 12,82 29,73 -06718
12 1330 14.34 178 222 197 228 121 045 10,83 2486| 07083
13 14.00 15.04 186 221 201 228 1053 0,45 325 2107 -0,6868
" 14.30 15.34 193 215 221 231 10,55 045 9,27 2140 -0.6751
15 15.00 18.04 201 203 259 2,38 10,00 0.45 872 2080] -064395
16 15.30 16.34 208 187 307 245 789 045 6.61 18,17 -0.6123
7 16.00 17.04 215 185 326 259 8,32 033 5.38 13.95 -0.5641
18 16.30 17.34 222 1“0 369 2,75 526 020 453 1289 05045
13 17.00 18.04 229 1.0 408 2,95 447 0,20 3,90 151 04317
20 17.30 18.34 235 7 417 3.20 463 020 4,08 1239] -0.3538
21 18.00 19.04 241 42 432 341 4.34 020 377 1284 -0.2686
22 18.30 19.34 247 08 451 348 395 0,20 338 1077 -0,1804
The sheet converts the ionospheric data for the
density due to obliqgque passage (Ka), and finds the
direction (cosFM).
Results for each station
Putting these data in Faradayés rotation for mul
the rotations of the up going an d down going waves.
SP4MPB (ix) PA3FPQ (rx)
Rotaz. ('] Rotaz.(rad) Offset P1 Rotaz. () Rotaz.(rad) Offset P2
-512.6 -8.35 61,6 3290 574 55.4
5487 -9.58 645 4956 2,65 57.6
-545.0 -3.,51 £8.0 5556 9.70 60,1
-551.3 -9.63 77 5819 10,16 63.4
-556.5 -9.71 756 561.3 3.30 86.6
-562.1 -3,81 79.7 561,2 9.79 704
-536.4 -10.23 845 560,2 9,78 745
-512,9 -8.35 88,8 563.4 3.83 794
-424.3 -7.42 -86.4 5826 10,17 837
-424.2 -7.40 -82.2 4328 2,60 88.7
-333.0 -6,86 774 $12.4 7.30 -86.2
-291.0 -5.08 734 4156 7.25 -81.3
-2311 -4.03 69,6 3854 873 -76.3
-131.0 333 -66.1 2852 4398 728
-145.3 -2.55 62,8 2262 3.95 -68.8
-135.0 2,36 -60.2 186.8 3.26 -65.,1
-101.3 177 58,0 142.8 243 -61.7
-62.4 -1.09 -56.1 1324 231 -53.0
Wave going up Wave coming back
Conference Proceedings 9
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Final results in 2m

Notwithstanding the choice of two relatively near stations (1000 km), so that the ionospheric
density is similar, we see that the two factors, Ka and cosFM, have an important influence in
causing different rotation  s.

So, on 2 meters, the rotation varies appreciably, going up and down during the Moon pass.

200,0

Calculated Pol.
150,0 -

100,0 -
50,0

0.0 : /\

-50,0 A

10.00
3
11.00
11.30
12.00
12.30
13.00]

13.30
14.00
14.30
15.00
15.30
16.00
16.30
17.00
17.30
18.00
18.30

1000 SP4MPB rxed by PA3FPQ

-150,0 A

-200,0

Chapter Il

Using this library, we intend to show and expand the polarity issue for the V/UHF bands.
Polarity is the sum of Spatial Offset and Faraday rotation.
Spatial Offsetis dependent only on the relative location of the stations..

Faraday is dependent on frequency, ionosphereds

From our library: Spatial Offsets

With a simple shift of the field chosen for the polarity graph, w e easily obtain from each Excel
sheet in our library the graph of Polar Offset.

* With a simple shift: Spatial Offset between SPAMPB and PA3FPQ
P — 12,0
UTC Somma rot.(' P1-P2 () |Pol. Cale.|Reale :
0 835 52 113 5B Spatial Offset
10.30 53,1 53] -462 v
1100 10,6, 78] 184
1130 300 83| 383 8.0
12.00 438 3 139
12:30 03 33 8.4
5.00 70 0.0 3.0 6.0
3:30 506 34 500
4:00 138,7 53] 1485 40
14:30 55.9 31| 715] y
15.00 754 88| 342
5:30 1246 a] 1330 2,0
16:00 154.3 73] 1616
£:30 341 6.7] _ 100.8|
7.00 803 5.0 863 0.0
17:30 513 48] 567 8838383833888 88838888 88 83
18:00 416 3.7 452 O 0O -~ — & & ® © % F W WO O~ I~ ® ©
B o0 24 E— FrrrFrdeSSIseesfREee ‘

Since it is independent from frequency, our library data are valid for all bands.

10 Conference Proceedings
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Spatial Offset

An easy way to calculate the angle between the planes of two antennas i n different places of
the world is to calculate for each the angle respec
between them.

P=arctg((sin Lat *cos El-cosLat *cos Az *sin El)/cos Lat *sin Az)

Spatial Offset =P1 i P2

These angles depend on the latitude, and on Moondés direction.

Latitudeisa constant; Moonb6és direction varies during the pass.

The differences between polar offsets increase with station distance so spatial offset can
become an important factor of polarity.

For example TI2SW 9000 km west of IKIUW L

0
o ' o (=] (=] [=] o o o o o o o
W & ®© © »®© © ®» ©o ®» © ©« o
~ [ae] [ae] (=2} (=] (o] o - D N ()] «©
-20 A = = -~ ~ = (3] (3] (9] o~ (o] (3] (g}
utc
-40 A
-60 A
5
£
o -80 -
-100 -
-120 A
-140

Offset, change with distance and direction

From our big library, we have extrapolated graphs for many stations placed in different
directions and at different distances.

Conference Proceedings 11
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Northern stations Southern stations

50.0 150

RITFJL 4507 km 9XO0EME 5540 km

40.0

39,0 SNOEME
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0.0 v+ ———————————
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20 80
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2 70
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60
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40
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Offset(®)
Offset (")

30

0 FG4KH 7093km 20 -
-100
TI2ZSW 9412 km =~ 10

TA1D 1740km

KH7Y 12828 km D e
Western stations Eastern stations
When the main difference is only in latitude, the graphs have an S shape, and offset tends to

zero with Moon in the middle of the pass.

When the difference is mainly longitude, the offset is maximum with Moon in the middle of the
pass, and does not change sign.

Offsets can reach and pass 90°. If greater, since the phase is not i mportant, the effective offset
is the supplement of the calculated value (but the full value must be used for polarity
calculation).

Conversion to other bands

In our sheets we did put in the coefficient k/f 2 which has a value for 2 m of 1,14.
) E Foo| G ‘ H _ I 3 K L

omin Loc. Lat. Long. |Lat. mag.| Corr.Day | Corr.night F Incl. Decl. Locconv. ||

VIPB KOO3HT 53,81 20,63 50,65 0,93 020 0,44958 68,77 4,54

(it DRBS)| Az (°) El (°) h (km) Ka VTEC Drbs Corr. VTEC loc. | STEC cosF Rotaz. (°)
11.04 129 8,3 187 3,64 15,52 0,45 14,24 51,84 -0,33&7 -512.6
Y anr P anr AN ar An N oar an N T n 247N Fan >

\_/

These ar e the different values for the other VHF and UHF bands:
ém 1 9,46; 70cm 1 0,127; 23cm 1 0,0123

Changing the coefficient in the formula transforms the sheet to what would happen if the two
stations were operating on this different band. Our library can be easily transformed to show
what would happen on different bands for the same pair and in the same conditions.

12 Conference Proceedings
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4 bands (6m, 2m, 70 cm, 23 cm)

Using the same pair, SPAMPB by PA3FPQ, we show you the superimposed graphs of polarity
rotation when operating on these four bands.

Caiculated Pol. 50

1150,0

950,0

750,0

550,0

Polarity rotation (degrees)

150,0

50,0 1

-250,0

Rotation due to Faraday is enormous on the lower band, and gradually becomes smaller with
decreasing frequency. There is a factor 9 for each jump.

These graphs use Faraday calculated for an unperturbed ionosphere.

L e t g&esin more detail what happens on each band.

VHF bands, unperturbed ionosphere

In VHF, polarity is determined mainly by Faraday rotation, which is much bigger than spatial
offset.

Faraday rotation is obtained multiplying a frequency dependent coefficien t, the geomagnetic
field component in the waveods direction, and the io
order of importance, parameters influencing Faraday, for an unperturbed ionosphere, are:

- the angle between the Ge o ma gdirestion whichf carevard from netty Mo o n 0
small values to almost 90°

-- the obliquity coefficient which measures the increase of length of the passage through the
ionosphere, function of moonb6és el evation

-- the electron density of the ionosphere

Conference Proceedings 13
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VHF bands, turdent ionosphere

Superimposed on the average evolution of Faraday rotation during a Moon pass, there can be
a more quick fluctuation due to the effect of ionospheric winds.

Winds cause undulations and waves (TIDs), so free electron density varies in space and time,
causing rotation fluctuations.

1500
1400
1300
1200
1100
1000
200
800
700
600
500
400 =
300
200
100

0

Distance (km)

\ \ . . :
2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 o
North—South distance (km)

T T T T T S S SO SO T S
36 38 40 42 44 46 48 50 52 54
Latitude (%)

Australian scient ist of the University of Sydney , Cleo Loi, has made the very interesting
discovery of plasma tubes in Earth's magnetosphere. These structures are important because
they cause signal distortions t hat could affect trans  -ionospheric communication

The complex plasma ducts are created in the atmosphere when this is ionized by sunlight. The

plasma interacts with the earth's magnetic field, creating field -aligned ducts of plasma. These
structures of p lasma are at about 600 km above the Earth's surface, in the upper ionosphere.
50 MHz band

Typical sky noise temperature is 3600 °K (very high).

On this band Faraday rotates with high speed many thousands of degrees over a Moon pass.
So there is a quick shi  ft between horizontal and vertical polarization.

Spatial offset is absolutely irrelevant.
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I n this case, in the first 90 minutes rotation
This is just typical; we have found many cases with even higher rotation speeds.
let 6s consider what this entails.
Effect of rotation speed on a JT65 gso
JT65 alternates 16 periods of transmission and

We are considering a case in which the received signal, when polarity is optimum, is 3 dB above

the minimum decoding limit.

3 dB is the attenuation when the polarity is +

So, during the time that polarity is between 60° and

-60°.

Beyond -60° through 90° until the successive 60°, there are no decodes.

Part of the favourable period is occupied by transmi

favourable for decodes decreases to half.
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In this graph, we show the effect of rotation speed for three typical cases.

A JT65 gso takes 5 -6 minutes overall
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On this ba nd, this condition is very rare, so a qso can take a much longer time.
144 MHz band
Typical sky noise temperature is 300 °K (moderate).
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Therefore, distance between stations has the biggest influence.

432 MHz band

Typical sky noise temperature is 85 °K (low).
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eriods.

this is a coomon trend to overcome Faraday.
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Here Faraday rotation is of the order of tens of degrees

16

, often smaller than spatial offset.

Conference Proceedings



XVII International EME Conference T Venice 2016

For distant stations, the length of unfavourable periods is big, so it would be very useful having
some way to control rx polarization, such as crossed yagis (not easy to build).

V-H-V transitions are few and far apart..

Cross pol. or circular pol. Is possible when moving to parabolic dishes. This is the obvious trend
on this band, when sizable dishes are possible.

1296 MHz band
Typical sky noise temperature is 68 °K (very low).
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Onthis band Faraday is practically non ex istent , so spatial offset becomes the dominant factor.

Fortunately, on this band dishes predominate on yagis, and so circular pol., which is the best
solution for these problems, is achievable.

VHF/UHF bands overview
VHF bands are dominated by Faraday, UH F bands are dominated by Spatial Offset

Going from 6 m to 23 cm, polarity changes with decreasing speed.

From peaks of the order of 1200°/h on 6m (because of Faraday), we tend towards 10° -20°/h
on 23 cm (due to Spatial Offset).

So when single polarity o f the receiving antenna is in use, favorable and unfavorable periods
increase in length and decrease in number.

Our Excel sheet has allowed us to get some numbers and orders of magnitude of characteristics,
known in practice, of these bands.
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G4DDk An investigation into EME LNA
safe operating levels

Sam Jewell (e -mail: jewell@btinternet.com )

A great deal has been written about the possible safe maximum input operating levels for very

low noise preamplifiers. Some informed people have recommended that power should be left

on the preamp during transmit , whilst others believe this may be a problem due to overdrive
and turn the supply power off during transmit. Exactly how much signal input can be sustained

wi t hout damage doesnot seem to have been extensi v

expense of t esting many active devices to their inevitable destruction.

There is also a grey area where preamplifiers may still continue to operate, but with degraded
performance. It has been widely reported that some preamplifiers have exhibited degraded
noise figur e whilst continuing to have normal gain.

In this paper | explore failure levels in the popular VLNA23 EME preamplifier and try to
reproduce the degraded noise figure phenomenon. The results are likely to be applicable to
other preamplifiers using similar active devices in the front end.

The very low noise amplifier (VLNA) for 23cm was introduced during the Weinheim VHF meeting

in 2006. It is based on a modified design format by Tommy Henderson, WA5AGO (with his

permission). It features self supporting inpu t matching components in order to minimise losses

in the high electron mobility transistor (HEMT) input. Any losses in the matching circuit add
directly to the deviceds inherent noise figure, [
dB, depending o n the quality of the components used (Q and Equivalent Series Resistance or

ESR). The arrangement and O6valued of the component

allows typically 0.25dB noise figure (17k) to be readily achieved. See fig for the simplified
matching circuit.

Further work on the VLNA by RW3BP identified the Mitsubishi MGF4919 as a suitable device to
improve the noise figure below that possible with the NEC NE32584 used the first version of
the VLNA. Further, the use of extended source leads, in the form of wire loops, allowed the
input match (return loss) to be increased from typically 3dB to better than 10dB and depending

on adjustment etc, to better than 14dB. It should be stressed that the shape and steepness of

the sides of the return los s response characteristic means that the value changes rapidly with
adjustment and a good quality network analyser is required to achieve the best matching
results. In a low noise preamplifier the match does NOT affect noise performance, but if a filter

is placed ahead of the preamp a poor return loss can have drastic effects on filter passband
frequency response. Measurement of noise figure is less uncertain with good preamplifier input
match.

The resulting preamplifier, i nc oovementshasbeapdesignated o f
the VLNAZ23. Variants for 70, 13 and 9cm have also been developed. Only the VLNA23 has been

used in the investigations cited in this paper. To date almost 2000 VLNAs have been produced.
Approximately 80% of these have been VLNA 23 kits and built modules, the rest being mainly

for 70cm and 13cm with a few for 9cm.
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Reported faults with the VLNA

Apart from the  obvious failures due to RF overload (where the operator accidentally transmits
directly into the preamplifier from either the RF input or the RF output) there have been several
instances where the noise figure of the preamplifier has been seen to increase but the gain has
remained normal. Note that | have deliberately said preamplifier and not VLNA as this failure

has also been reported by a number of operators, and observed by myself, in at least two

popular 144MHz P -HEMT equipped preamplifiers. Typically, the noise figure increases by up to
a dB or so whilst the gain remains as originally measured. Some operators may be unaware of

the existence of this problem at first as the system noise appears normal, but signal reports

and sun noise measurements seem t o indicate otherwise. Indeed there have been numerous
requests on the various moon reflectors as to whether this condition is even possible, since it

is so unusual. Yes it is!

LNA devices

In recent years there has been a revolution in the availability of low cost, very low noise,
devices. This has been driven by the need to reduce satellite TV LNB noise figures (noise
temperatures) to allow the use of small dish receive systems [a pity really as bigger TVRO

dishes are great for EME]. In parallel with the n eed for lower noise figures there has been an
increasing demand for high dynamic range devices for use in mobile radio systems such as

GSM and UMTS.

Most early LNAs used bipolar transistors. These have been largely superseded by what we
commonly call GaAs FETS or metal i semiconductor field -effect transistor (MESFET), such as the
popular Mitsubishi MGF1302. More recently High electron mobility transistors ( HEMT), also
known as heterostructure FET (HFET) or modulation -doped FET (MODFET) have become the
device technology of choice.

HEMTS are field - effect transistors incorporating a junction between two materials with different
band gaps or heterojunction as the channel rather than a doped region.

HEMTSs are now gradually giving way to an improved HEMT known as a Pseudo Morphic HEMT
(P-HEMT) device and both of these device types are used in the VLNA and in the front end of

20 Conference Proceedings



XVII International EME Conference T Venice 2016

numerous other low noise preamplifiers. In the VLNA a HEMT is used in the firs tstageandaP -
HEMT in the large signal second stage.

HEMT and IEMT reliability

Researching the reliability of these devices in learned research papers | found that little has

been written on the noise figure degradation effect and almost all the resea rch seems to have
been focused on gain and power output (P1dB) degradation under various conditions of
temperature and input level excesses. There is certainly room for a student to study this effect

in more detail as a degree thesis.

| was left with the 0 ption of doing my own testing to try to reproduce the noise figure increase

effect and if successful to find what was the cause. Going beyond noise figure degradation, the

VLNA inevitably fails. At what level does this happen? | am neither a device physic ist nor an
academic so my testing here details my results but does not identify the cause of the actual
phenomenon. In the conclusions, relying on a reliable source, | do speculate on the likely

cause, however.

Test method

In order to ascertain what leve | of input signal can safely be applied to the VLNA it is not
sufficient to test just a single example as this might give misleading results. A better method

is to test a large number of VLNAs and record the levels at which complete failure occurs. If

degr adation of the noise figure, with normal gain, is observed this is noted. The results of the

testing should ideally be consistent, but inevitably some spread in results will be seen. Of course

testing to destruction is both wasteful and expensive, but ther e is no other convenient way to
do the tests.

Inthese t ests the same VLNA23 was used ( Nr 1328) and after each test the input and second
stage devices were changed to eliminate anomalies due to cumulative effects.

As there is some disagreement in the comm unity as to whether preamplifiers are more robust
powered up whilst transmitting, or should be powered down, both conditions were tested.

Since the failure mechanism is possibly related to thermal effects due to RF, the tests were
conducted at 3 minute and then 1 hour intervals at each power level in the test.

Many tests were run and as some of these could last as much as eight hours, the whole testing
session was run over a period of several weeks. A great deal of test data was generated. Only
a few repres entative results tables are included in the paper. The tests are ongoing and it is
expected that some further results will be presented at the Conference.

A Marconi Instruments 2024 signal generator was used as the test signal source. This was used
with a n MCL ZHL series broadband amplifier to generate sufficient signal to drive the amplifier

under test. A 10dB attenuator was used between the generator and the ZHL amplifier. The

output of the VLNA under test was connected to either an HP8592L spectrum ana lyser to
measure level or HP8970A noise figure meter when testing for noise figure, with an HP346A

(5dB ENR) noise head then substituted at the VLNA input.

The reason for using the amplifier was to generate sufficient signal power to ensure that the

ampli fier was driven into an area of operation where the effect should be observed - and
beyond. A very short lead was used to connect the broadband amplifier to the preamplifier
under test to ensure minimal mismatch loss on the connecting lead as the preamplif ier input
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match, although good, is far from a perfect resisti)
been better at the preamplifier input.

Fig 2 shows the test set up. After each test and device replacement the preamplifier was re -
aligned for n oise figure, gain and input match. Although there was some small variation in the

actual measured noise figure, gain and input match each time, best effort was made to make

these as similar as possible. Changes of less that 0.05dB in NF and changes of more than
approximatelyldB in gain were ignored. Input return loss was adjusted to better than 10dB in

each case.

The test signal at 1296MHz was gradually increased in small power increments, starting from

the widely accepted Osafe | was ajected iotd theOVHNRRB. inpuEdnd s s i g |
the output terminated in a good quality 50R SMA termination. The VLNA23 was either powered

up or left unpowered, depending on the test in progress.

After |l eaving the preamp to 6soak?b ,thdnoisedigule andgaimer | e
(not match) were re  -measured. If there was no noticeable change in performance the test was
repeated at the next hi gher power 1l evel. This cont
noise figure was observed or the preamplif ier showed complete failure.
M R * |8 fa s
aLunnn {A3IYyHtE > Y%l [ P YLEAF £[ b! | YRSNI 0Sa

Figure 2. Test Setup

Results
The following shows the initial VLNA23 test measurements before the series of tests were
begun.

VLNA23 Nr 1328
Initial measurements
Noise figure measured at 0.25dB, gain 37.5dB, Input return loss 10dB

Drain voltage Trl =1.15V, Tr2 =2.93V
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The first series of tests involved increasing the power input by a small amount with VLNA23
power on, soak at that level for 3 minutes, then remeasure,
The noise figure and gain numbers are those measured after the soak period at the power lev
in the top row of the table.

Input +4  +10 +13 +14  +15 +16 +17 +18  +19 +20 +21 +22
level

(dBm)

Noise 02 028 031 032 033 033 0.33 032 033 038 039 0.38
figure 7

(dBm)

Gain 38. 384 386 386 386 386 38.6 386 382 385 385 384
(dB) 3

Table 1 . Power on and input level gradually increase.

Input 0 +7 +10 +13 +15 +17 +20

level
(dBm)

Noise 0.28 0.28 0.28 0.28 0.29 | 0.58 Failed

figure
(dB)

Gain 38.0 38.1 38.2 38.2 38.1 38.0

(dB)

Table 2 . Power on and input increased in slightly larger increments. Soak for 3 minutes.
Note the noise figure degradation at the +17dBm measurement level.

Input 0 +5 +10 +17 +20

level
(dBm)

Noise 0.27 0.26 0.27 [0.68 Failed

Figure
(dB)
379 |375 37.5

Gain 37.8

(dB)

Table 3 Power on and again a noise figure degradation was seen.
Soaked for 3 minutes at each power level.

Conference Proceedings

and note noise figure and gain.

el
+23 +24
0.41  Failed
38.5

Soak for 3 minutes at each power level.
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To investigate if the length of time of abusive power affected the results another series of tests,
still with power on, was conducted with a soak time of 1 hour at each level.

Input 0 +6 +10 +13 +15 +17 +20
level
(dBm)

Noise  0.31 0.31 0.32 0.32 No 0.32  Failed

figure measurement
(dB)

Gain 376 376 375 374 37.4
(dBm)

Table 4. Power on. Soak for 1 hour each level

The test was then repeated with power off.

Input 0 +10 +13 +15 +17 +20 +21
level
(dBm)

Noise 031 032 030 032 034 0.4 Failed
figure
(dB)

Gain 384 | 386 382 380 378 378
(dBm)

Table 5. Power off but soaked for 1 hour at each level.
Only a small degradation seen at +20dBm before complete failure at +21dBm input.

Input 0 +6 +10  +13 +15 +17 +20
level
(dBm)

Noise 0.31 0.32 0.32 0.32 no 0.54 Failed

figure results
(dB)

Gain 37.6 37.6 37.4 37.4 37.4
(dB m)

Table 6. Power on and soaked for one hour at each level.
Noise figure degradation is again seen at the +17dBm input level.
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The table below shows another test with power off and soaked for 1 hour. This time there was
no apparent degradation bef  ore complete failure at +19dBm input level

Input 0 +7 +10 +13 +15 +17 +19
level
(dBm)

Noise 028 0.28 0.28 0.28 0.30 0.28 Failed
figure
(dB)

Gain | 384 384 384 384 383 3825
(dBm)

Table 7. Power off. Soaked for one hour at each level.

Conclusions

The results show some quite large anomalies due probably to the measurements having been

taken overape riod of some weeks. However they do show that the degraded noise figure effect

is seen in a reasonable proportion of the tests and occurs between about +15 and +20dBm

input level. Beyond +20dBm the preamp tends to fail completely. The period of the test, u pto
1 hour, makes little if any difference to the results. This seems to point to both degradation

and failure happening quite quickly when the preamp is abused by too much RF input and is

consistent with relay contact effects.

There are a number of key conclusions :

Complete failure of the input stage was most common. Degradation in noise figure was less
common. The four examples included in the above tables were the only ones seen in around
20 tests (~20%)

The VLNAZ23 is able to sustain a much higher inpu t level, without damage, than expected. A
level up to +15dBm was repeatedly obtained without apparent damage for soak durations of
up to 1 hour both for power on and power off.

The MGF4919 generally didnét fail compl etBmlppweuomt i |
or off. No failures of the second stage ( ATF54143) were experienced.

4. Although not part of these tests, the same degradation effect has been noted in several
ATF53189 equipped preamplifiers. The ATF53189 is an Avago E -pHEMT device, so the e ffect
doe not seem to be limited to conventional HEMT technology.

Recommendations
Although the VLNAZ23 is clearly able to stand more power input, without damage, than is usually

accepted it is still a good idea to limit maximum input to 0OdBm to give a good margin of
protection.
Sequencer delay should be at least 100ms to allow relay contact bounce to cease. Older relays

may require increased delay as the weakened contacts may bounce for longer.

Very high power systems might need two protection relays in tan dem!
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DJ5HG On the Theoretical and Practical Limits
of Digital QSOs

Klaus von der Heide, (email: Klaus@v -d-Hei.de)

Introduction

A usual digital communication system consists of hardware and software. In order to reach
maximum sensitivity, every hardware component must be carefully tuned to optimal power or
lowest noise. This paper deals with the part of the system which is implemen ted in software on
the PC. The theoretical lower bound of digital information transfer is analysed under the special
constraints of radio amateur QSOs.

Weak -signal communication systems usually are evaluated by the relation of the required

energy per info rmation bit Eb to the noise power per Hz bandwidth NO = kBT with the
Boltzmann -constant kB and the equivalent noise -temperature T. In a spaceprobe, the value
Eb/NO determines the number of information bits that can be communicated with a limited

battery. I n an optimized BPSK -sytem, Eb/NO is the SNR at the input of the decoder. On the

other hand, radio amateurs use the SNR at the audio output of an SSB -transceiver, i.e. in a
bandwidth of 2500 Hz. Unfortunately, digital modes with different periods cannot be compared
directly in this case. The transformation between both scales is easily performed by

SNR = Eb/NO + 10*log10( humber_infobits / period / bandwidth )

Eb/ NO = SNR T 10*1 09g10( number _infobits [/ period [/
For the threshold sensitivity SNR =124 dB of JT65 in bandwidth 2500 I
Eb/NO = 724 1T 10*logl0( 72 [/ 47.8 |/ 2500 ) = +8.2 d

C.E.Shannon found by mathematical treatment [1] that confident communication only is
possible if

Eb/ NO > In(2) or in dB: Eb/ NO > 10*l ogl0( In(2) ) =

Applied to the usual EME -case of transmission of about 70 bits within about 50 seconds we get
the minimum possible SNR in bandwidth 2500 Hz (for communication at 100% correct decode):

SNR > 71.6 + 10*lo0og10( 70 / 50 / 2500 ) = 1T34.1 dB.
Therefore, at least  theoretically, a gain of 10 dB over JT65 could be possible.

In 1959 Shannon refined the lower bound of communication as a function of the number k of

information bits encoded as transmitted blocks, and of the code rate r which is the relation of

the numb er of information bits k in a block and the number of resulting bits n of the transmitted

block, and finally of the required block error rate PW [2]. This lower bound is called the sphere -
packing lower bound.

Figure 1 shows the sphere -packing bound (for r = 0) over the number of information bits
encoded in blocks, and the Eb/NO at which interplanetary communication systems reach the
low block error rate PW = 10 -4 [3]. Figure 1a adds the sphere -packing bound for lower code

rates, and the Plotkin  -bound [4].
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-packing bound forr 1/2,1/3, and 1/4 [6],

and the Plotkin bound (for any r). There is obviously some distance between the interplanetary

communication and the sphere
the lower code rates. Also ad

the experimental mode QAM11.

-packing bound forr = 0, but they nearly reach the limits set by
ded are two codes found by the author and used in PSK2k and in
The required Eb/NO of the modes PSK2k and QAM11 are

considerably worse compared the the codes. This is caused by the necessary synchronization

and phase -recovery (s ee Chapter

28

4 of this paper).
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In contrast to commercial and scientific communication, we are interested to transmit small

blocks of about k=60 bits of information, and we are happy if the rate of successful decodes is

just PW=50%. So the question is: Where are our weak -signal systems in a diagram for
PW=0.5? This is shown in Figure 2. The modes used by radio amateurs obviously are more or

less far away from the theoretical limit. It is profitable to know the reasons, because the goal

of a design of a weak -signal mode should be to approach the limit. We will now discuss the
main three topics.

Codes for the Radidmateur WealSignal Modes

Figure 2 shows a gap in the required Eb/NO of 6 dB between uncoded transmission and lower

bound for optimally encoded tran smission at the typical number k = 60 of information bits in a
weak -signal QSO. A good code should approach the lower bound as near as possible, and
decoding on a usual PC must be possible in about a second or less, but it's gain cannot be
largerthan 6 dB.

Convolutional Codes (CC) are a large class with selectable code rate r = 1/2, 1/3, ..., 1/16,
and smaller. The distance between the lower bounds for codes with r = 1/2 and those with
r=0isl1.6 dBatk = 60.We therefore should choose a code with low rate (r = 1/8 ... 1/16).

required EbINo to reach the threshold Block Error Rate of 50%

P, =05 WSPR *

= JT65

. FSK441
_ JT44

_ uncoded BPSK
- 0 """ HDCW(QPSK
9 10— 1 bit parity code BPSK

N w B [9)] [«)] ~ co (o]
y - . - .
&

~ lower bound RTTY
g9 10, =% PSK2Zk-2m

o 10 EScem
il QAM11+ m

required Eb!NO [dB]

lower bound r=1/2

______ _-_-'_'_"____________________________Shannonlimith=O
lower bound Pw=0.5

1 | 1 1 | 1 1 | |
4 5 6 7 8 910 20 30 40 50 60 70 8090100
information content [bits]

Figure 2.A diagram corresponding to Figure 1, but for PW = 0.5 looks quite different. The
reason is that there is a considerable probability for receiving a correct block out of pure noise.

Especially 1 -bit -blocks are correct by 50% even if there is no signal. The horizontal scale of the
diagram therefore is limited to the interesting region k = 4 ... 100. The green line named "lower
bound RTTY" means an alphabet of 43 characters encoded by the optimal Hadamard43 -code.
JT44 and HDCW also belong to this class of cha racter -oriented transmissions. The
synchronization of single character -blocks causes a loss of about 3 dB (see Chapter 4).
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A second parameter of convolutional codes is the so -called constraint length cl . Large
constraint length makes the code better, but increasing cl by 1 nearly doubles the decoding

time of the usual Viterbi -decoder. This limits cl to less than 16 or even lower. In addition, cl

should not be larger than k/4. Otherwise the overhead of the long tail decreases the code
performance.

A very effective method to increase the performance of convolutional codes is talil -biting. Given
the constraint length cl (and r < 1/3), tailbiting makes the code much better if k is within the

interval 4*cl ... 20*cl. Figures 3 and 4 show results of the author's simulations. The encoding

oftail -ended and tail -biting convolutional codes is explained in the documentation of PSK2k [5].
The author decodes tail -biting blocks by applying the normal Viterbi -decoder to the
concatenation of five times the received block enclosed by (1/r) * (cl T 1) zeros at the
beginning and at the end. The result is an array of cl T 1 + 5*k bits. Bits cl+2*k o Ccl +3* k11
are taken as the k decoded information bits. This procedure surely could considerably be

improved. The results presented here were obtained with this simple algorithm.

required E /N  to reach the threshold Block Error Rate of 50%
= CC(5,1/2) tail ended

1 -
= CC(7,1 /2) ta|l ended
0.5 !_1_7_,_,,.1;»'-""" f
g 0 = 1 1/2 tall ended
z > CC(7,1/16) tail biting
i =
E = CC(9,1/16) tail biting
ﬂg; 2 CC(11,1/16) tail biting
= B 7 ~© CC(13,1/16) tail biting
L ERATIG) Bl Bl
‘7 | ; Lower Bound PW=O.5
) L
30 40 50 60 70 80 90 100

information content [bits]

Figure 3.Required Eb/NO to reach the threshold block error rate of 50% by selected
convolutional codes. The codes are named by CC( cl, r). Allcodes are taken from the author's

web page [7]. In the essential region of k = 60 ... 70, some codes approach the theoretical
lower bound to less than 0.4 dB distance.

We can conclude from Figures 3 and 4 that the convolutional codes with r = 1/16 and
cl = 12, 13, and 14 are very good codes for the case of weak -signal applications in amateur
radio. If the application does not allow such low code rates we must accept a loss. In the case

of PSK2k -2m, the SSB -bandwidth does not allow a Baud -rate larger than 2000. T his limits the
number of bits of the codeword which can be sent within a short meteorscatter ping to about

250 including all additional pilote bits sent for synchronization and phase recovery. Therefore,

the code rate cannot be lower than r = 1/2. This cau ses aloss of 1.6 dB. The 4m - and 6m -
modes user = 1/4andr = 1/8 with a much lower loss. 1/3 of the transmitted bits are pilote
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bits. This overhead causes an additional loss of 10*log10(3/2) = 1.8 dB. The sensitivity of
PSK2k - 2m therefore should be

Eb/NO of the CC(13,1/2) at k = 71 taken from Figure :

loss by adding the pilote (1 pilote bit per 2 codeword bits): 1.8 dB

the sum is the theoretical Eb/NO of PSK2k -2m: 1.7 dB

in scale with bandwidth 2500 Hz: SNR = 1.7 + 10*log10( 71 / 0.129 / 2500 ) = 174.9 dB

This fits well to the experiments [8] with the existing PSK2k -receiver where 16 dB
resulted in block error rates 90% and 0% resp. We can conclude this chapter 2 with the

satisfactory message that there exist well usable codes for weak -signal applications which

approach the theoretical lower bound better than 0.4 dB. The next chapter will show that this
unfortunately only is true for PSK.

required Eba'N0 over the constraint length cl
to reach BER=0.5 with tailbiting CC( cl, 1/16 ) at k=60

0 ] 10"
1|\ ‘
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Figure 4 Required Eb/NO to reach the threshold block error rate of 50% by convolutional codes
wit h different constraint length cl and fixed r = 1/16 (blue line), and decoding time on a PC
(green line). A useful code obviously is the tall -biting CC( 13, 1/16 ).
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Modulation and Demodulation

Figure 5 compares the bit error rates at very low signal levels for some modulation types. It is
obvious that PSK is much better than all other types. The difference of the required Eb/NO gets

even larger with decreasing signal levels. At bit error rate O. 1, FSK and PSK differ by 6  dB
(horizontal distance in Figure 5), at bit error rate 0.4, the difference already approaches 12 dB.
Such large error rates (or corresponding small Eb/NO values) are quite normal if low -rate codes

are used. Let for example be r = 1/16, that means the number of transmitted bits is 16 times

larger than the number k of information bits. If the codeword is received with Eb/NO =71.dB
(the threshold sensitivity of CC(13,1/16)), then the energy per codeword bit is 12 dB less:

1 13.5 dB. We get the corresponding bit error rate of PSK from Figure 5. It is 0.38.

Bit Error Rates of uncoded binary PSK, DPSK, ASK, FSK

05 e~
0.45 &
04 T~
0.35 - \\
_ ~ .
0.3 : \\ \\\
| =
§ E \\~\“‘
5
s 0.2
: — PSK coherent
[ ASK incoherent
0.15 : FSK incoherent |
| DPSK
0.1" ' | e
-15 -10 N ° ’

Eb/NO [dB]

Flgure 5.The bit error rates of modulation types differ very much at the same energy Eb/NO in
case of very low signal levels. The (horizontal) difference between PSK and FSK a t the bit error
rate 0.4 is nearly 12 dB, while itis 6  dB at the bit error rate 0.1.

The Eb/NO to get the same bit error rate with FSK is 11 dB worse. l.e. if the same code is used

combined with FSK instead of PSK, the transmitter must use more than 10 t imes the power
needed by PSK. This shows that low -rate codes cannot be used conveniently with FSK.

A corresponding calculation with the higher -rate code CC(15,1/2) yields a difference of 6 dB
between PSK and FSK. But if PSK with the low -rate code is compar edto FSK with the high  -rate

code, then the difference is 8 dB.
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ASK is about 1 dB more sensitive than FSK in the weak -signal area. It has the additional
advantage of insensitivity to spreaded radio channels (FAI, aurora). On the other hand, there
are the well known disadvantages of ASK, mainly the electromagnetic interference.

DPSK has nearly the same sensitivity as BPSK at large signal levels. It is even better than BPSK
down to about Eb/NO = 5 dB if phase recovery of BPSK has to be supported by an addi tional
pilote.

m-FSK is a good choice for uncoded communication. Figure 6 shows the symbol error rates of
m-FSK for different values of m. The error rates are considerably reduced for Eb/NO > 2 dB at
large m. But, following the argumentation of above, error correcting codes are nearly unusable.

An example for m -FSK is JT44. It uses a 43 -FSK. A transmitted block consists of 22 symbols
which are sent 3 times in sequence within 25 seconds. The 50% block error rate (all 22 symbols

correct) is reached at the symbol errorrate 1 1T 0.5(1/22) = 0.031. It follows from figure 6
that Eb/NO = +3.3 dB yields this symbol error rate in a 43 -FSK. The JT44 -block contains 66
data symbols interleaved by 69 synchronization symbols.

The synchronization therefore causes a loss of 10*log10(135/66) = 3.1 dB. The transformation
to SNR in 2500 Hz yields the 50% -threshold to get all 22 characters of the transmitted text
fully correct:

SNR = 3.3 + 3.1 + 10*lo0ogl10( 22*lo0g2(43) [/ 25 [/ 2500
This theoretical lower bound fits well to the practical observation. It follows directly from
Figure 2 that JT44 seems to be better than JT65. This is true only on non -fading channels,

where JT44 needs only half the energy of JT65 to communicate an information bit. In contrast
to PSK, coding cannot lead to considerable gain in sensitivity if FSK is used. But it does a good
job in case of fading.

Our conclusion of this chapter is: BPSK is the only modulation for communication with very
weak signals. In case of uncoded transmission, m -FSK may be a good alternative.

Symbol Error Rates of m-FSK compared to BPSK

107" F

Error Rate

21 2FSK
107 H —— 4Fsk
C 8FSK
| —— 1B6FSK
| 32FSK
|| —— B4FSK
BPSK

dashed lines for corresponding bit error rates
1 1 1 |

1073
-6 -4 ) 0 ) 4 6 8 10

E, /N, [dB]
Figure 6 Symbol Error Rates of m  -FSK and corresponding bit error rates (dashed lines)
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Synchronization and Phase Recovery

If small blocks are used in a weak -signal communication, it is very difficult to find the block in
time -domain and in frequency  -domain. This problem is exhaustively discussed in [9], and the
author made a contrution to it on the last EME -conference [10].

0 20 40 60 80 100

Figure 7.Example for the search of the pilote pattern of QAM11 (length 283 bits) at
SNR = T 2 9B and phase distortion of coherence length 5 s (corresponding to 28 bits). The
pattern was divided into 20 overlapping segments of length 28. The complex input signal is
fillered by all segments. The absolute  -values of all 20 outputs are shown above. None of them
has a significant indication of a hit, but the sum (the lower line) clearly has.

The search for a weak signal in frequency domain may be supported by a waterfall -diagram.
But this does not work in case of PSK, and it fails completely for signals with SNR lower than

about -28 dBin 2500 Hz bandwidth. Therefore the only solution is the exhaustive search on all

parallel channels within a given bandwidth. The spacing of the chann els is proportional to the
Baud -rate. A high Baud -rate reduces the search in frequency domain. This fits well to the
demand for low -rate codes. The search intime -domain can easily be realized by interleaving

the data -bits with a fixed binary pattern of | ow autocorrelation. The author prefers Hadamard
codes. In order to profit from the sensitivity of coherent PSK, the pattern must be divided into
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segments of length less than the coherence time. The correlation is performed with all segments

and the results are absolutely added at correct delays. Figure 7 gives an example for the
Hadamardcode of 283  bits and coherence length corresponding to 28 bits. The reverse pattern
was divided into 20 overlapping segments of length 28 which where taken as the filter
coefficients of 20 filters. The figure shows the absolut -values of the individual filter outputs
(already correctly shifted) and the sum of these outputs. The phases of the filteroutputs at the

hit are good estimates of the carrierphase. A simple interpolatio n yields the development of the
carrierphase over the whole length of the inputsignal. At this length of the pilote pattern, BPSK

is 12 dB more sensitive than FSK, and the sensitivity even increases with longer patterns. The

author uses this method of sync hronization and phase -recovery in PSK2k with the interleaving
sequence d1 pl d2 d3 p2 d4 d5 p3 d6 d7 p4 d8 ... where di and pi denote data resp. pilote bits

with index i.

The very simple experimental modes QAM11 and QAM66 use a tall -biting CC(12,1/8) to
generate 568 data bits out of 71 information bits. The pilote also has 568 bits (see the
appendix). But there is no interleaving of pilote and data. The data are modulated on the

sinewave carrier (full amplitude), and the pilote bits are shifted by a halve bit and modulated
on the cosinewave (halve amplitude). This Offset -QAM reduces the principal loss caused by
sending the pilote to
10*logl0 ( ( energy of data ) / ( energy of pilote and data )) = 1 1. dB.

The reduction of the power for the pilote leads to an increase of the rate of failure of the
synchronization at very low signal levels. Nevertheless, this tradeoff between synchronization

failure and decoding failure leads to a 50% -threshold -SNR o f dBiB82500 Hz bandwidth on
the AWGN -channel ( Eb/NO = 0.46 dB ). That is a gain of 8 dB compared to JT65. And it is
about 2.5 dB above the corresponding sphere packing bound (see Figure la). If we subtract
the known losses, 1  dB loss by the pilote transmission and 0.5 dB loss by the used code, the
remainin g distance from the theoretical lower bound only is 1 dB. It is caused by different
reasons, synchronization failures for example.

On afading channel, the phase must be recovered as a function of time over the whole receiving
period. If the coherence tim e for example is 1  second then there are only 11 noisy pilote bits
within this time segment to support the phase recovery. The recovered phase therefore may

be very noisy which reduces the sensitivity considerably. Figure 8 shows the block error rates
of Q AM11 and QAMG66 for different coherence times. The phase recovery for PSK or QAM
generally fails if the coherence time is less than 1 / Baudrate.

FSK vs. PSK

As long as the phase recovery is successful, PSK and QAM are more sensitive than FSK. But

the phase distortion by the radio channel is too large, only FSK and ASK are usable. It is
interesting to get a closer look to the transition region. Let the coherence time of phase

distortion be 0.4  s. From Figure 8 we get a block error rate of 90% at -25 dB.

If the transmission period now is compressed to 1/6 (QAM66), and the power correspondingly

increased by 7.8  dB, then QAM®66 will run with a block error rate of only 6% at a 6 times larger
bit rate, but with the same Eb/NO. The reason is the increase of sensitivity of PSK with lower
(i.e. mo re stretched) phase distortion.
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See Figure 8 for the dependency of sensitivity on the coherence time in case of QAM11/66.

Thus PSK sets a lower bound for the rate bits / (coherence time). In other words: if the
coherence time is low, you have to use a high bitrate. To communicate the high bit rate on a

weak radio channel you are forced to transmit with appropriate high power. The energy per bit

remains the same as in Figure 1.

On the other hand, the tran smitting power is limited for radio amateurs.

Therefore the demands for PSK cannot be satisfied in some cases. This especially concerns

EME- contacts with strong libration fading on GHz -bands. If PSK does not work we must accept

the general loss of other m odulations plus the loss of coding gain which adds to at least 5 dB.
This is not weak -signal communication, but bad -channel communication.

A further problem arises on channels with both, frequency -spreading and time  -spreading. Time
spreading leads to inter  symbol interference (ISl), if the Baudrate is higher than 1 / (time
spreading). PSK cannot be used on such over -spreaded channels. An example is aurora, but

not EME.

Bl i

\ | PW=0.5 thteshold .

100 ock Error Rates of QAM11 and QAM66 (dashed lines) at different Coherence Times
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Figure 8Block error rates of QAM11 and QAM66 for different coherence times.
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Appendix: QAM11 (QAMG66)

Source Code: 56 bits of information plus 15 check bits for final error detection (71 bits)

Channel Code: CC (12, 1/8) tail -biting and interleaved, results in 8*71 = 568 bits

Pilote Sequence: Hadamard  -283 interleaved with the encoded receiver -address of 284 bits
Receiver Address: 54 address bits plus 17 check bits = 71 bits encoded with CC (12, 1/4) TB
Modulation: QAM, data on sine with amplitude 0.89, pilote on cosine with amplitude 0.45

Baud -rate: 8000/ 720 = 11.1111 (66.6666)

Total Bandwidth: 12 Hz (72 Hz)

Length of Transmission: 568.5 * 720/ 8000 = 51.165 s, period 60 s (8.5275 s no fixed period)
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ZS6EMEOQOptimized EME recéipn with Linrad and WSJT
undermulti-polarization configuration

Alex Artieda (email: zs6eme@linkrf.ch )

Figl. HB9Q 144 Mhz  Station with multipol. System

Introduction

EME operators are searching always the best RX performance in their systems. Since the advent

of MAP65 many configurations was proposed to beat the infamous Faraday Rotation. My main
contribution has been the de sign and production of more than 200 IQ + radios to exploit to the
maximum the outstanding features on Linrad and MAPG65, specially in 50, 144 and 432 MHz

This paper is not a trial of which software works better , itis simply a basis for setting up a multi
polarization system that allows us to make appropriate comparisons and, maybe at the end,
gain some extra performace.

However, a recurring comment within the EME community  (most of the time not well
documented) regarding the differences between MAP65 and W SJT has captured my attention
in the last years and has motiv ated me to try to understand tho se differences in decoding (if
exist ) without marginalizing any specific software.

The system | propose is very similar to others but with some differences, is bas edont he fdoc
and fAdo cononitted@reviously . The title of my presentation refers to WSJT; however a
multi - polar ization system based on Linrad is a powerful tool, no t only for digital operators, has

tremend ous advantages for CW  as we will see later

Because of erroneous observations (mainly a priori and without scientific basis) that WSJT

decodes better than MAPG65, this guide opens a door to a real analysis. A suitable SW and HW
platform is needed (and properly configure) to make appropriate compariso ns, simple
observations are not enough. T hen the data collected can be integrated, analyzed and
conclusions can emerge, is a very long process, this is just the beginning

Previougnulti polarizationsystems
Many systems were proposed in the last years but after a deep analysis | consider only two of
them as serious systems.
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The analog approach

Carsten DM1CG, use in DKOKK an nAanal ogo approach
antennas in different phase angles.

Receiving System

vertical in horizontal in

Y out
L1 +1-4xy

saxy l7axy | L3
Lrdxy +1r2ay

-45 out +45 out
YV oout H out H out

RX1 WSE RX2 RX3 WSE R%4

L Lambda <4 transformer

O Hybrid CouplersSplitter

Fig2.DKOKK Analog phase splitter

Thisi s a fAstate of the arto phase splitter/shifter ba
splitters and hybrid couplers. That system demand a complex instrument (Vector Network

Analyzer) to calibrate the phase shift phaseeraxdue port
improper implementation. This way to reach different phase on the signal works as great as

the investment on dedication and precision during
than any analog part you add on the system has some tol erances (expressed in +/ - decimal
degrees) on the phase shift, same for the amplitude
the system hard to be properly duplicated and calibrated but not impossible, never the less

Carsten have the knowhow and the i nstruments and is well proved he did a good job.

The Digital approach

Roger W3SZ uses Linrad as an Input to digitize the analog baseband. The Linrad MASTER is in

charge to open the audio A/D converter who is attached to a WSE 4ch receiver. Then he send

the digital stream to 4 different Linrad SLAVES and MAP65, each slave receive the RAW data

from the Linrad MASTER and later each Linrad SLAVE is set (just with the polarization control)

to a different angle, H, V +45 and -45 (in practice you can open as mu ch Linrad SLAVES you
want and configure each to any desired angle with just one mouse click). Then the output of

each Linrad SLAVE is send to a dedicate WSJT program, WSJT knows nothing about the
polarization of the signal, is the Linrad SLAVE who will be fix at witch angle the operator wants
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to receive, this make the digital approach very useful for CW operators because you can listen
the audio on one single Linrad and rotate the polar

you have the strongest sig  nal in your headset, no more complex mechanical systems to rotate
antennas and feeds like in the past.

(About W3SZ setup: see  http://www.nitehawk.com/w3sz/LinradMAPG65.htm )

Linrad and WSJT undaulti-polarization configuration
This is the system | propose based on the Digital approach of W3SZ:

Cross yagis PCIntel 17 4.4 GHz /16GB ram/ 1TB SSD /
v EMU 1616 Pcie 4ch audio / Windows 7

Preamps
96 KHz V audio 1/Q

>> - 96 KHz H audio 1/Q
HW layer

SW layer

Raw data 24bits port 50002
To Linrad SLAVES

data flow

£%8 VACLinel inside the PC

3 Linrad SLAVEH
WSITV

- M_
Linrad SLAVEV

WSJT +45

- =
Linrad SLAVE+45
WSIT +45 _
ACLined
I — . = o

timf2 port
50004
To MAP6G5

Linrad MASTER l

Linrad SLAVE-45 T AudlotoTransmltter(— -

Fig3 Multi -polarization system with Linrad as a core

The multi -polarization system allows us to receive the same signal, coming from the same

antenna du ring the same period of time and using the same analog Front -end hardware; that

means the integrity of the data is guarantee and is presented at the same time, in the same

way, to different softwareb6s. Many wr ong ctaodifféereptur at i
receptors and/or computers with different A/D converters (audio cards), this could be ok when

you compare radio HW but is not the properly way for compare tyvma or
fair way. | saw other wrong configurations were the signal after the preamps is just split with a simple BNC

ATO. We cannot trust in that configuration due the
introduce.
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Special considerations

This is a complex system and not easy to implement and use. There are special conditions to
be considered before embarking on the tedious but fruitful, adventure of set up similar system.
It is not an impossible task but | will detail some points that shou Id not be avoid/overlooked.

Currently there are 4 similar systems installed in different parts of the world and its operators
are more than satisfied with the results

THE ANTNENA and FROMNIND

Is a must to have a dual polarization antenna, the configurat ion could be in A+0
important is minimize the loss in the coax cables, use properly antenna combiners (same model

and manufacture). The preamps need to have (if possible) the same gain and NF (matched

pairs) and again same model and manufac ture wil. hel p. Your radio ne
channel radio for adaptive polarization, both receptors need to share the same local oscillator
with a signal with the same phase and amplitude (this is a pre -condition for adaptive

polarization). Today t  he IQ+ (with more than 200 units in service) is a good example, also the

WSE converters and only few other digital SDR radios. The use of USB SDR dongles is not

possibl e, at |l east on the way they are commerciali z
re ceptors with the same LO then you are in business, if not will not work.

THE COMPUTER

This is the core of your system, what | propose is use just on PC to run all programs at the

same time. WSJT and MAP65 demanding huge amount of RAM and disk processing, same as
Microprocessor capabilities. | test the system in different PC configurations and the minimum

you must have is an I5 Intel processor with a clock speed of at least 3GHz, 8GB RAM and if

possible a SSD disk instead of traditional mechanical disk. In that system all software runs
together and you will not have overlap during decoding process (the las seconds of a RX period)

with the upcoming TX period. Keep the old computers for internet browsing and emails. The

top performance computer for this task i s the similar we are using in HB9Q and in my QTH: I7

Intel processor 4Ghz clock, 16GB RAM and 4 Solid State Disk in RAIDO configuration. Regarding

the disk: if your disk system is to slow the data processing will be delayed by the Disk controller

and this will create a bottleneck increasing the demanding of the processor. | use RAIDO

because this increase the read and write process in a dramatic way. When a mechanical normal

disk have today a media of 150MB/s one single SSD will give you 500MB/s and 4 SSD i n RAIDO
give you up to 1,500MB/s, the escalation is not lineal BUT if you consider RAIDO disk
configuration be aware if one disk fail you will loss the entire PC, a periodically backup with

some software like Acronis is required to restore the PC in case o f a disk failure, in a computer
with that characteristics running 5 Linrados, MAP 6
controller will hit the processor no more than 60% for 2 or 3 seconds, the idle will be no more

than 20%, enough performance.

MONITORS

Just one single monitor is not enough to run the system, a lot of information will be available

on your screen and switching from one program to another in a single monitor is impossible.

Today most of the PC6bs come with vi degmukaaeouwsly. capabl
Never the less after test the system in different location we found the absolute minimum

numbers of displays in 2 (a little complicate), a minimum in 3, ideal is 4. HB9Q use 6

monitors per station, personal with 4 is enough. You will need a second graphic adapter,

nothing fancy, just with multiport capability, ZS6JON is using a small USB video adapter (very

cheap) with good results.
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MORE THAN ONE PC

I f you dondét have an |5 or |17 comput er -loadtthe wdr hkins e ¢
two or 3 slow computers. Just consider the impact regarding space, duplicated mouse and

keyboar ds, never the | ess wil!/ wor k. Linrad donot d
MASTER and SLAVES in one PC and run MAP65 and WSJT in another one or e ven in two. Timing

is very important; you must share the same internal network (preferred without network
switches or hubs in between). A good NTP program to synchronize the clock is a must

OPERATIN&®YSTEM

| test the configuration under Windows 7 / 8 / 10 but for sure you can run the system in a
native Linux or OS, is just a matter of configuration, totally possible for sure.

CWONLY OPERATORS

The system is much simple and will demand just one single PC wit h 13 processor or even less,
if you are not interested in digital you dono6t nee
configured and thatés all, you wil/ be able to beat

your mouse but your Front  -End must b e based in dual polarization Antennas and receiver.

COMPILE YOUR OWN LINRAD

Linrad by default don6t have implemented the option
MASTER by the Linrad SLAVES, due the fact my system is very similar to Roger W3SZ he create
a special files called  extra_w3sz_hb9dri.c and users_w3sc_hb9dri.c ,those files allow you

to compile Linrad to allow all Linrad SLAVES are on the same frequency you select on Linrad
MASTER and NOT in MAP65, later | will explain why.

LINRAD AND MB® CALIBRATION

Just installing the programs is not enough to reach top performance, you must do some
calibration previous any collection of data and post analysis is done. The list is a must and
cannot be avoided:

In Linrad MASTER calibrate IQ image rejection
In Linrad MASTER and SLAVES calibrate the Noise Blanker (Total amplitude and phase) with a

pulse generator similar like Leif SM5BSZ propose in his page or like the SIGP -1 I design and
produce in the past, (have a look in http://www.linkrf.ch/SIGen.html )
I n MAP65 you donét need to calibrate I mage rejectio

I'n MAP65 donot use the Noise blanker, the Linrad NB
In MAPG5 calibrate the Dphi

PATIENCE, a lot of PATIENCE: The  setup process is long and very complicate but when is done
is done, never the less use the system demand some training, you will need to follow some
concatenated process to start and stop the system, and errors in the start/stop will be
translated not nec essary in a non -working system but will produce completely wrong data, if
this is combined with a poor PC performance the dissatisfaction is guaranteed.
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HOW THE MULPIOLARIZATION SYSTEM WORKS

Linrad MASTER is the core of your system, when you click in any frequency in Linrad MASTER

and your Linradodés are compiled with the properly fi
to the same frequency, this allow yopwendMsJ TIors RO gera
configuration the Linrad MASTER follow the frequency you select in MAPG5, this is nice but has

one problem, normally when you are in MAP65 during RX periods you can quickly click and

select another adjacent frequency were you consid er a potential signal is, you try manually

several times forcing decodes and many times you will find decodes on the high resolution

graph when the wide decoder donét decode, this autc
frequency destroying the RX peri od, that means in that implementation you cannot change with

MAPG5 the frequency during a RX period without destroying the RX period in WSJT because

MAPG5 will change Linrad MASTER and also the Linrad SLAVES, in that way on my system | can

move freely in M AP65 without altering the RX period on WSJT, the disadvantage is | need to

change manually the RX frequency in MAPG65 and Linrad MASTER when | want MAP65 and WSJT

decoding the same signal but |1 dondét see a problem
Linrad MASTER send, via the networ k, two kind of data in different ports: it sends raw data

24 bit format to port 50002 (this is the input configuration p
timf2 blanker out to port 50004 (this is the input configuration for MAP65).

The Frequency configuration is done creating a folder in your root named C:/Lin2ft and placing
inside a file RadioOfile , Linrad MASTER will write the frequency in that file and Linrad SLAVES
will read the frequency also from that file, in that way Linrad MASTER and Linrad SLAVES are

in frequency sync.

Having the Linrad Master and Linrad SLAVES on the same frequency Linrad MASTER will send,

via the network, the same raw data to MAP65 and Linrad SLAVES, but only the data send to

MAPG65 will be the output of the Linrad NB, the data send to t he Linrad SLAVES dc
the NB applied, for that reason you must calibrate the NB in Linrad SLAVES too. This allows us

to switch on/off the NB in every particular angle and see if the NB have influence or not. MAP65

will start decoding immediately, now is the moment for the Linrad SLAVES to send the audio

output to a specific polarization into WSJT.

To do that you must have Virtual Audio Cable installed and configure, you must have 4 Virtual

Audio cables. Then you will configure the Linrad SLAVE H to output the audio to VAC1 (Virtual
audio cable 1), Linrad SLAVE V to VAC2, Linrad SLAVE +45 to VAC3 and Linrad SLAVE -45 to
VACA4.

Then, in each Linrad SLAVE you must configure the polarization selector to the respective
polarization like that:

Linrad SLA VEH Linrad SLAVE V Linrad SLAVE +45 Linrad SLAVE -45

Fig4. Linrad SLAVES polarization angle controls
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Pay attention the polarization is selected in AFI XEDO and not.in Ad

Now just install WSJT in 4 different subfolders and rename the icons in your desktop to reflect
each shortcut to their respective polarization angle pointing to the properly copy of WSJT. This
is how it looks:

Y AY Y AY Y AY WY A¥Y W oy

Linrad MASTER MAPSS Linrad H WSITH Linrad v WSITV Linrad +45 W5IT +45 Linrad -45 WSIT -45

Fig5. Icons distribution in your desktop

The order (starting from the left) show the way you MUST start the programs and keep in mind
than Linrad even if they start in SSB (pressing D) are not giving audio output into their
respective V AC cables until you click random in any frequency, then you will have audio output.
Same for the Linrad MASTER

Now you must configure the WSJT input in each copy to their respective VAC, keeping the

output to the  Microsoft Sound Mapper - Output

Now just click in any frequency, in the waterfall of the Linrad MASTER and all Linrad SLAVES

wi || follow the frequency but now you must configu
WSJT exact on the frequency you want. Linrad has not USB or LSB selector , works based on

the BFO concept (Beat Frequency Oscillator) for that reason is a must to inject a stable signal

in a well know frequency, let said 144.150 MHz, then move the BFO red vertical bars (exist 3

of them, use the upper red bar) until the 3 bars a re aligned in the center, this correspond to
ficer oo, |l ook the next figures:

1]AGC][AZ|[R4]HZ] 144149.0683 [ o0
1
60

- 40

ON -

[]2[T6] [Rat_3]
[7][¢][T]Reserved for blanker

Fig6. BFO displaced to the left (yellow circle)

Fig6.shows how it looks after the installation, pay attention to the upper vertical red bar showed

in a yellow circle, probably th is upper red bar is on the right, do
selected in 144.150 MHz but because the BFO is displaced look the real frequency in the upper

center flag with a red circle, it shows 144.149.0683, means you are not at cero, just move the

red vertical bar until the 3 red vertical bars are

144150.0000 o))
11

Fig?7. BFO at ACEROO, yellow circle, Frequency I

a
[#][¥][T]Reserved for blanker

Fig7. The BFO vertical bars are all aligned on the center, look the frequency i n the red circle,
reads 144.150 MHz, and now your Linrad MASTER is sending the audio in the real frequency
you select with no Linrad BFO intervention.

The next step will be adjust the same BFO bars on each Linrad SLAVE until the carrier in
144.150 MHz matc  h the CERO DF position on the WSJT waterfall. With that you complete the
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frequency calibration and you are sure than any frequency you select on Linrad MASTER wiill
fall in the center (DF=0) in each WSJT.

The output Filter in each Linrad SLAVE need to be op en just enough to cover the bandwidth in
WSJT, this is approx. 4 KHz, just using the yellow vertical lines just above the BFO to have just

the amount you need. In my Linrad SLAVES this is how the BFO looks, displaced to the left

until the 144.1 50 MHz carri er match the DF=0:

144148. 5886

[T][#][T|Reserved for blanker

Fig8. Linrad SLAVES BFO position and filter size

Fig8. The BFO first wvertical bar is displaced to the
error for those who fail in the setup is to having the first vertical bar displaced to the right, this

will place the Linrad SLAVES in LSB mode and no decodes wi Il happens, the yellow vertical lines
correspond to the filter.

A REAL CASE IN ZSJON STATION

John ZSJON operate in 144 MHz with a modest Yagi array, his antennas are 4 times 9 elements

in Horizontal and 4 times 6 elements in Vertical, a mismatched antenna system far away from
the optimal for adaptive polarization. John will replace soon his antenna for 4 times 12 elements

in vertical and horizontal.

In November 2015 John install an IQ+ radio together with MAP65, he was very happy to have
90KHz of bandwidth  and multiple decodes with MAP65, never the less when DL1RPL move to
Mayote (FH) and Reunion (FR) he had a lot of problems to work the DXpedition. He try two
entire moon pass with no decodes looking for FH/DL1RPL, | visit him the 21 of November and

wedeploy t he Mul ti pol arization System, we didnét man
Monitors on his PC, never the less with 3 monitors running | deploy the system just in 1 hour

(fully configured and calibrated) and he was able to complete a QSO with solid decodes in one

of the WSJT configure as multi - polarization program but no decodes or traces at all in MAP65,

days later the 03.12.2015 he works FR/DL1RPL, in the same way was WSJT and not MAP65

who decodes. If John remains just on MAP65 he will never hav e the chance to sum two new

DXCC. Itwas worth t  he new configuration? Ask John.

HB9Q, 4 YEARS OF EXPERIENCE

The System | propose here is in service in HB9Q for almost 3 years but HB9Q start to using
previous Multi - polarization system with MAP65 and WSJT mo re than 4 years ago. We can full
fill this presentation of examples but always will down as a simple anecdotal and a priori
observations. Never the less if you ask Dan HBOCRQ (head of HB9Q) he does not conceive the

idea of operating without the two program sin parallel. The systemi  sin service in 144 and 432

MHz

IS WSJT BETTER THAN MAPG5?

I donétdé think so, what I believe is both programs
the same and if exist a difference is not more than1%. How both software can d ecode Ath
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samed when WSJT is |l ooking just for 4KHz of bandwi
trade -off compromise about Wide  -decoding, sensitivity and confidence to avoid false decodes.

Maybe is a matter of interpretation and your goals you establis h about performance. What is
clear is sometimes WSJT decodes when MAP65 doesnoét
relation when MAPG65 beat WSJT in very low SNR ratios, is very difficult (and non - professional)

to just assume WSJT is better than MAPG65.

| th ink, and this needs to be confirmed in the next years (when enough data is collected and

analyzed properly with the correct Methodology and Metrology), in some specific cases WSJT,

under Multi -polarization configuration, decodes when MAP65 not. These speci fic cases are
statistically very small (less than 1% for SNR -27 to -30dB) but if those particular cases are in
relation with a new DXCC or rare grid then the value to implement such a complex system is
tremendous and correspond to each individual to evalu ate and balance the cost/benefit of this
system. Not because the differences are less than 1% we will neglect that differences exist,

especially when pushing to the limits our software and Hardware could be translated in just 1

DXCC more in your list, is a matter of individual decision | guess.

THE FUTURE

Having the HW and software properly configure future comparison can be done away from

anecdotal observations only if we collect enough amounts of data and process that data

correctly; | grab on few TB of data recorded in HB9Q and hundreds of logs from WSJT and

MAPG65 but the individual effort to grab on the data is tremendous, first, | think, we need to

standardize stations size and propagation conditions, delete the non -usable data, find errors,

false deco des and duplicates etc. That scape from my scope of time and interest never the less

even if the benefit seems to be very small now ever
by my own, not any more using big antennas like in HB9Q) and if the Multi - pol arization system

allow me to gain that fractio ns of dB6s in my SNR: Welcome!!

Note: This paper is a brief description of the Multi -polarization system, a step by step guide,
easy to follow is not the idea, never the less If a good number of potential users are interested
| can consider to write one and publish on my homepage.

73 de Alex, ZS6EME (HB9DRI)
Zs6eme (at) linkrf (dot) ch
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K2UYH Stress Offset Dish for 1296

Allen Katz (e -mail:alkatx@tcnj.edu)

Abstract
This paper reviews stress dishes and describes the construction of a stress offset dish for 1296
EME. Stress parabolic reflectors offer a lightweight, high -gain antenna ideally suited for EME

on the lower microwave bands. They require minimum skill for construction and can produce
gains in excess of 25 dB, depending on size and frequency. This type of antenna also can be
easily and inexpensively constructed. Further, the offset design offers advantages for EME not
only in gain for a given area, but also in mounting as it can be easily placed very close to the
ground.

Introduction

This paper is an update of earlier papers on stress dish construction. The use of stress dishes

for portable EME operation has been a long term interest to me. | produced the first stress

dish while still in high school. Stress dishes can be produced in a form that is highly portable,
making them ideal for temporary and dxpedition operation.

'3_)‘-'

Figol -First stress dish (306) constructed by

Parabolic reflectors have been extensively used for EME. This popularity is due no -doubt to
two o utstanding features. First, the performance of a parabolic reflector is basically frequency
independent. The reflector once constructed can be used on a variety of frequency bands

depending on the feed antenna used. This feature is highly desirable as t he antenna can be

used on more than one band during portable operatd.i
tolerance is maintained, the antennads gain efficie
case for array type antennas, where losses due to the phasing harness increase with array size.

On 1296, dishes have a major advantage over yagi antennas because circular polarization can

be easily implemented. Almost all regular 23 cm EME stations are circularly polarized. The use
of circular polarizati  on provides an effective gain increase of 3 dB. Thus a reflector type antenna

with a circular polarized feed can have half the effective area of a yagi and still have as much
effective gain.
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Dish antennas tend to be heavier and of greater size than yagis . Stress dish designs can at

least partially solve the problem of weight. However, they tend to be more fragile and
appropriate care must be taken. For very small di s
blockage by the feed can be a concern. An offs et dish eliminates the feed blockage problem,

and generally provides higher gain efficiency than a conventional dish. Thus a circularly fed,

offset stress dish would appear to be an ideal antenna for portable 1296 EME operation.

However, if you are flying , the length of the longest piece of your antenna can be an issue.

The spokes (petals) of an offset dish are twice the length of a conventional dish of the same

area. Consequently, a full dish can be packed in a container of half the length, and cause le SS
attention at an airport. When | made my dxpedition trips, | decided to use a conventional

stress dish.

More recently, | have revisited my old offset dish designs and concluded they can offer
advantages over a conventional dish.

Fig.2 -7 . 506 odist vwsthel296 circular feed.

Dish Basics: The relationship between the diameter and depth of a parabolic reflector is given
by the equation:

X2 =4fY (1)

where X is radius of the reflector, Y is the depth, and f is the focal distance. The shape of the
curve for example of a 76 diameter dish with a foca
shown in Figure 3. The deeper a dish, the shorter the focal distance and the wider the beam

width of the optimum feed antenna.
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Offset Dishes:

Offset dishes are just a portion of a parabola of revolution (conventional parabolic dish). The
antennas discussed in this paper use about a quarter of a conventional dish reflector. By using

only part of a normal full dish for the reflector, the feed antenna can be moved away from the

center of the reflector, where most of the RF energy is located. The feed can be located to one

side of the reflector, where little or no RF energy is present I asshownin Figure 4a. T  he feed
must still be located at the focal point of the parabolic curve. The feed must also have higher

gain, since it should ideally only illuminate the reflector area. (As noted, the offset dish is only

a fraction of the full dish. Hence the feed ante nna must have higher gain to produce a smaller
beam). This arrangement generally enables an offset dish to have a higher efficiency than a
conventional dish T higher gain/area ratio. The table in Figure 4b shows the relationship
between the f/d of a comp lete reflector, and the f/d for which the feed should be designed to

properly illuminate an offset dish. As can be seen, a deeper dish should be used to keep the

focal distance a reasonable length.

— Hl* Surface Reflector
R ORI
* 090 0.46
* 0.85 044
« 0.80 043
v biametedl® 075 0.41
37 P (focal distance) | « 070 0.0
Z * 0.60 0.36
* 055 034
+ 050 032
* 045 0.30
—— 1 ||~ 040 0.28

Fig. 4 i a) The feed is located to one side of the ref lector, b) Relationship between reflector
f/d and equivalent f/d for feed.

The offset dish besides having greater efficiency than a convention dish has an added
advantage for EME. It can be mounted very close to the ground and still fully track the Moon.
Consequently, a relatively small mount can be used, and when not in use the dish laid on the
ground.
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SUPPORT
PIVOT POINT

Fig. 5 - The offset dish can be laid on ground (pointing up) when not in use.

Stress Principle:  When a beam (dish spok  e) is loaded at its end, it deforms in an approximate
parabolic curve. This principle from mechanics is the basis of the stress parabolic reflector.

The heavy structure that supports the surface of most parabolic reflectors is replaced by a set

of spokes , which are bent into an approximate parabolic shape with guy lines. The deflection

of a typical spoke is illustrated in Figure 6.

DEFLECTION

DISTANCE

Fig. 6 - Deflection of typical reflector spoke.

Each spoke is basically a cantilever beam. The equations of bending pred ict a parabolic curve

for small deflections. The amount of deflection for most parabolic reflectors is not small ; neither

is the loading perpendicular to the beam (adding the effects of column action to the total

deformation). For these reasons, mathemat ical predictions of the exact curve are rather

complex.

Data from numerous models and actual working reflectors reveal that the relative shape is

insensitive to material and cross -sectional area. The greatest error occurs along the third
quarterofthesp okebdés | ength and is always is in the direc
curve is also insensitive to the angle ( a) the guy I|ine makes with the
slightly better curve is provided by larger angles. Shape is also related to the f ocal point to

diameter ratio (f/d) and the diameter of the dish. Smaller f/d ratios yield greater bending and

hence greater error. Likewise, as dish diameter is increased, the absolute error increases in
proportion to size. Figure 7 shows experimentally determined root mean squared (RMS) error
for 126 stress dish.
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Figo7 -RMS error of a 126 stress dish as a

The maximum spoke error (for a |l ength of 66 and
RMS err or 0. doonstructedfrondsuch b spoke would have a loss in gain due to surface

error respectively of less than 0.1 dB, 1 dB and 2.5 dB on the 70, 23 and 13 cm bands. This
performance is obtained without any curve measurement; only the bending of the spoke to a
de pth corresponding to the desired f/d ratio. Figure 8 shows how RMS error varies with f/d

and dish diameter.
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Fig. 8 - Effect of f/d ratio and dish diameter on surface accuracy.

Figure 9 shows the relationship between loss in gain in dB and RMS
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Fig. 9 - Gain loss due to RMS surface error.
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In practice, a stress reflectorés surface accuracy ¢
curve. Generally some form of correction is desirable for reflectors of greater than about 86
diameter at 1296 and above. Surface error correction can be achieved by either pre - stressing

the spokes beyond their  elasticlimit i n a manner that corrects fiothist he
was the approach taken by K2RIW and N2UO for their stress dishes. Alternately back guying

or the addition of a rigid circle at the point of maximum error (approximately ¥ the length of

the spoke) can be used for correction. This was the method | used. Variations of these

approaches have been used to ext end the usable frequency range of stress dishes above 13

cm. On 432 MHz, stress dishes with diameters great
W5LUA used a 246 stress dish for years on 23 and 13

Fig.10 -N2UOG6s 1006 stress ddsh with 1296 fe

Construction

To demonstrate the stress offset dish concept, a re€
for use primarily on 1296. I f the reflector was a
the case of an offset dish, only about a qu arter of a conventional di sho
surface was produced from just five 7.506 | &megdiyhs o
available at the local Home Depot. (Larger cross section spokes are suggested for a more

permanent reflector). These spokes wer e attached to a hub made fro
shaped (quarter of a circle) piece of 1060 plywood wi

Fig. 11 - The spokes are attached to a plywood center hub with two bolts.
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A 36 overlap was used. | réble to smakke chanhets in® wHick therwoqulene f e
spokes could be inserted for attachment. (1! used t
portable stress dish that | produced more than 20 years ago). This arrangement is stronger

and makes assembly and disa  ssembly quicker T but with only five spokes, the added time was
not considered insignificant.

To overcome the problem of the fAlongest pieced duri

reflector can be extended . The hub could have been increased
would have allowed the spokes to be reduced to a mo
A partial rim around the outside of the reflector v
modeling stock with  twosmall(8 -32) bolts as shown in Figure 6. T
to produce a reflector with an equivalent (full reflector) f/d ratio of about 0.3. This corresponds
to a feed beamwidth of about 90 . (This beamwidth matches reasonably well a dual dipole
feed). Using equation 1 shows the dishés focal dis
Fig.12 -An outside rim is formed from 3.506 | engths
A 3.56 length of 20 x 30 lumber was used for the ma

Fig. 13 - Thedishis attached to the feed support by a

This piece was initially attached to the plywood center section using a small wood block as
shown in the figure. However, it was found that additional support was needed, and right angle
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