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Hello,

Now that EsHa{ has beersuccessfully launched am@s started itsegular operation including the
amateur radio payloa@atarOSCAR 10@ was time tobuild a suitable feed.

I've built a universal quick release mount for all my paralmhtbes so | can quickly change the feeds
for different frequency ranges. A detailed description can be found on my homepage www.dd1us.de.

Enclosed pictures of thguick releasanount:

The feedswhich are to be fixed in the holder, can be held by means of a cylindrical housing with a
maximumdiameter of 109mmlf it is a thinner feed then | use additional spacers made oflPVC

For EsHa® | have built a duaband feedaccordingo DJ7GP. Here my radio friend Heinz (DJ5JN)
helped me with his excellent mechanical processiagabilities



First, we have built a version thi2 probesfexciters (H and V) for 3cm, as | want to ligeghe WB
(wideband) and NB (narrowband) transponders simultaneously.

Unfortunately, the decoupling of the tworthogonal exciters is not high enoughshould have

mounted them with araexialoffset but then | would also need an additional reflector for the exciter
further away from the backplanén addition, the conversion of an LNB to coaxial feed of the H and V
signals is natrivial and usuallydegrades the sensitivity of the LNB dudrtgperfect impedance

matching and the additional losses of adapters and cables to the LNA.

That's why | decided tose an Octagon Twin PLL LNBorder to push up the IF frequency and to
improve the frequency accuracy and stabiliiythe local oscillato(LO), | have replaced the internal
27 MHz crystal oscillator with a 26 Migmperature compensated crystal oscilla@CXxQ)in
addition, the flange of the LNB was removed and the Wid8adapted directly to thecircular
waveguide of the duaband feed.



First, | measured several Octagon LNBs without modification of the electronics by means of a test
setup. Here is a picture of the "test tradkiside my shack

| was using a 6 GHz signal gener&bHQO08with an additional frequency doubler and a snfan
antenna By means of a switchable attenuator after thiequencydoubler, | was able to adjusthe
transmi power in 1 dB step8elowyou can se¢he Octagon PLL LNB. On the pictioetow,you can

see the transmitter horn.




First, | measured the frequency response of the unmodified LNB. The transmitted signal was varied
by means of the transmitter between 10 GHz to 12 GHz and the received IF signal (LO = 9750 MH2z)
measured with a spectrum analyzemivaxhold mode. | measured total of 30ctagonLNBgsame
model)and found that the resultsvere very similar and that the frequency responsiethe LNBs was

very similar

The power consumption of the Octagon LNB is approximately 140mA (when using one output).



Here are themeasurement results:
LNB#1, Vs=18V, Port A
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LNB#1, Vs=18V, Port B
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As you can see, both porfs& Bbehave very similar. Since the transmit horn is linearly polarized,
one of the two planes (here the plane selected by the supply voltage of 18V) has been chosen to
match the polarization of the transmit antenna. The secontput, which is rotated by 90 dgees,
receives a signal that is about 15 dB weaker. At a transmission frequency of 105@isveklts in
an IF frequency of 750 MHz. As can be seen, the output levéllaHz does not drop too much.

Next, | modified theLNB.The two 27 MHz quartz gstals were removed and replaced byMHz
TCXOs. This significantly improves the accuracy and stability of thi¢ith@he change of the
reference frequency from 27 to 26 Mittze local oscillator was shifted from 97MHz to
9388.88888 MHANhen receivig a signal at 10500 MHz the frequency is shiftedpto 1111.11111
MHzwhichis in the optimal range of the IF amplifier of the LNBerefore, DATV can be received
with standard DVES2 satellite receiver@s long as they support low symbol rates as/thee used
on QQ100) Below is the calculation.

Mode Low Edge High Edge Bandwidth
Wideband RF Downlink /MHz 10491 10499 8
Narrowband RF Downlink /MHz 10489,55 10489,8 0,25
LO low /MHz 9388,888889 9388,888889

LO high /MHz 10207,40741 10207,40741

Wideband IF low /MHz 1102,111111 1110,111111 8
Wideband IF high /MHz 283,5925926 291,5925926 8
Narrowband IF low /MHz 1100,661111 1100,911111 0,25
Narrowband IF high /MHz 282,1425926 282,3925926 0,25
Multiplier Low 361,1111111

Multiplier High 392,5925926

TCXO /MHz 26

LO low/MHz 0388,888889

LO high /MHz 10207,40741

I intend to use only the LO frequency of 9388.8888 MEzo 22 kHz signal is needed to switch to
the higher LO frequency.



Here are pictures of the two boards of the unmodified LNB:

od
9958 aniana

The LNB ifed with a DC voltage via the coaxial cafgghantom feed)which supplies the IF to the
receiver. Each of the two outputs supplies the vertically polarized receive signal when a supply
voltage of 813V is applied, and the horizontally polarizedeive signal at a voltage in the range of
15-19V. The term horizontal and vertical is to be considered relative and depends on the later
orientation of the feedin the parabolic mirror.

As part of themodification the quartz was firstle-soldered andhe nonrequired traces removed to
prevent later possible short circuits or unwantieder-couplingsin the picture below you can see
the smaller boardAtraceon the PCBwhich willbe belowthe TCX@vas isolated § means of a small
piece of isolatingape.



=%

In addition, the lid must be partially covered witplating tape to avoid any shorts, as space is quite
tight.




| usedTCXOs frora company calledXC The exactmodelis 7177N-26,000MBPT. The SMD package
used is small engyh that it can benstalled insteadf the quartz in the LNBncasing

Features

- High Stability Over Temperature: £0.14ppm~+0.28ppm

- Operating Temperature Range: -40C~85C

- Holdover 24Hr: £0.40ppb (Option)

- Free Run Stability for 20 years: £4.6ppm (Option)

- Frequency: 10 ~ 52MHz

- Supply Voltage: 2,7V - 5.5V

* Voltage Control Function Available

* Output Enable/Disable Function Available

- Support Clipped Sinewave and CMOS Output Waveform
Application: Small Cell, Base Station, Networking Infrastructure

* ROHS Compliant / Pb Free

This TCXO has a voltage range of&25K and a current consumption of max. 10mA. ThHwsan be
easily powered by a 220 ohm resistor from the existing 6V voltage regulataharefore no
additionalvoltage regulatois needed The output signal is attenuated by a voltage divider and fed
by meanf a coupling capacitor for decouplinfithe DC voltagéo the reference frequency input
of the PLHCs RDA3565ES.

The TCXO has a specified frequency tolerance of + 2.0ppm and a tempetahiligy of £ 0.28ppm.

The TCXOs amounted upside down and glued to the PCB. Tthesconnection padsra directed
upwards and easily accessible.

The circuit is very simple and is constructed by means of SMD components and thread wire "free
floating":

Most component valueare not likely to be overly critical and so similar vajugsich you have on
hand, carbe used.
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Here are pictures of theNB with the assemblefCXOs:
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Next you will find some pictures of theNB adapdto the dual band feedvhich was built according
to the description oDJ7GP:







The feed is connected to the LNB witlbrass adaptemwvhich issoldered to the feed's circular
waveguide. The adapter is conical on the inside pra¥ides a tapered transition frorte slightly
larger inside diameter of the feed to the inside diameter of the LNB. The adabiaies to the
remainingflange of the LNB. Here's a look from the front into the circular waveguide.
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The feed is helih a plastic tube (with an inner dizeter of 2000mmYy means of a Teflon ring:




Hereyou can see the feed attached to the Teflon ring:
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Next, | measurementihe IF output signakith the same measurement setup as it was described
before. | compared the output of thenodified LNB branch A with the unmodified branch B to see if
replacing the quartz with a TCXi@ result inany unwantedside effects.

Herearethe spectra of outpuA and B measured at a resolution bandwidth okH and a span of
10 MHz.
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Next, the measurement was repeated withiesolutionbandwidth of 300Hz and a span of MIHz:
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In the next measurements, the resolution bandwidth was further reduced td8and the spawas
setto 10 kHz.
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Finally, the resolution bandwidth was reduced to 10Hz and the sptio 1kHz. Due to thaighdrift

of the unmodified LNB bran¢cthe measurement was of the first graph was a bit tricky.
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After themodificationof branch B of the LNB, the measurements were repeated for branch B.
There was no significant difference to branch A. Therefore, | refrain to represent all traceEdrere.
reference you find next onlgne of the measured spectfeom branch B

Res. Bw 38,0 Hz[3dB] Did, Bw 3B Hz
bate 1B Dec.'1B Time BL:11:19 TG Lvl pff RE.AtE 38 48
Ref . Lwl Macker -B.25 dbm CF.5tp 1. 086 k2
B dbn 1. 11118826 GHz Init [dBn]
B
-15.8 ?
I
-28. 8 ‘
-38.8 .|
[
-45. 8 i'
56,8 :' j|
'| -HII
-b5. 8 Hd"
‘_t r.M |l||‘||.l'|"l o 'l|'.L"|IJ1JI!-I|J l’ 1f 4 I l 1
-18.8 fetrtr A ] — L\'c W =
T—r.ﬁ' I;r Jﬂ?ﬁ‘?t Wl‘l” q IH | : r' '|| ‘— ] ||11 { H ;—]’n_[ll lfTJJll'TI'[T'ﬂ.'{"\:,IT
-B5. 8 | ' , —
-98.8
-156.89 '
Start Span Center Swee p Stop

L L1183 296 Gz 1B khz L. I111BB29E GHz 34 s 1. 111113298 CHz

Finally below you will find measurementsvhich were carried out at thE= output using an Airspy
SDR. Téimeasurements werdone after themodification d both LNB branche& & B and the final
installationof the feedin the weatherproof housig. The horizontalcaling in the graphis 100Hz
per division Thespectrum as well as the watfall diagram are in each measuremdritHz wide.

First, output A was measured. A supply voltage o¥ Was used. The input signehs10500 MHz.
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Transientresponse of the LNB within the first 30 seconds after applying the supply voltage:
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In the diagram below, the waterfall chart was taken ovéoreger time period (irtotal 12 minutes:
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Next, output B was measured using the same methodology.

R# v1.0.0.1700 - AIRSPY =18l x|

=SmH 111.103.700 e Mmes e NIESIYA

=
AIRSPY faud

 Sensitivity @ Linearity ( Free

Gain

£y

e P —
O —
Display  31.249 kHz 1
Bias-Tee [~ Tracking Filter V' \ I {7 \N w,
SpyVertsr [~ eHDR ¥ oL !

\ e e
i\l ‘J"L \“uM\ s “»‘1“‘ ‘UN ‘\’v“um ‘v'w m\.wl\w\ff Contrast

iy

w."‘“ bt

CNFM C AM CLSB € USB
C WFM € DSB ¢ CW C RAW

I shift o
Filter Blackman-Haris 4 hd

Bandwidth Order { ¢ s ; " XL i
| = | | 31:12:2018.18:31:03 O X : i : ;,‘w : e
I~ Squelc Ccwsift YL v ’ . ’ [ 3 -
l_? T000=
" = [~ Step Size

Snapto Grid V' [1Hz

K Corier [T CorrectIQ ¥

SwaplaQ [~

Window Biackman-Hams 4 ¥

Resolution 32768 =

Spectum Siyle [Static Gradent

IV Time Markers Gradient . |

I Mark Peaks BT IAS f K : . ' HE
R 31,1212018 18:20:44 1 ¥ ! A\ nd8 e R » . -

© Absanls —le———

23



sl
=Sm# - 001.111.103.700 wm

I shift o=
Filter Blackman-Hams 4 b

IS YA

Fit Siereo I~ Step Size
SnaptoGrid ¥ [1Hz -]

ke Carrier [Z Correct|Q ¥ N " ¥ \ . f I/ i f Y Contrast
5 Swapl&Q [~

» AGE 3
v FFT Display

View

Both | 5123018 18:33;
Vindow  [Backnentmsd 7] E
Resouin  [e% =] £
Spectum Syl [Static Gradent ] 5
¥ Time Markers Gradient _I 181.12:201818:32:06 - —

I Mark Peaks

[
B

......... 31.12:2018-18:30:24

31:12.2018°18728:41

31.12:2018°18:26:

31.12.201818

» Demodulator Noise Blanker *
> Recording* 2 ot 52 E e

As you can see thavo branches behave almost identically. The only differdadbe frequency
offset: the LOs (local oscillators) of ttveo LNB branchediffer by 7.9 kHz.

I would like to point out that during these measurements | did not synchramizber the SMIQO06
signal generatofwith selfmade frequency doublenor the AirspySDRwith an external reference
frequency. The measured frequency drifts are therefore the sum of the entire measurement setup.
Furthermore, everything was measured here in giackat constant ambient temperature.

However, since the structure is in a hermeligaealed weatherproof housing and the power
dissipationis about 1.8 watts, it can be assumed that the LNB has warmed over time.

| amquite satisfied with the resu#t | have listened to the received signal in CW and it sounds very
clean. The remainingrift is about 10 Hz in the sheterm range, about 50 Hz over a period of 10

minutes. The drift is obviously continuous which again confirms that the TCXO contains an analogue
control loop. Measured over an houtrift was always below 100Hz. After aboub@urs, the offset

was still well below 200Hz. This can be easily compensated for in practical QSO operation, whereby a
higher longterm drift is certainly to be expected in outdoor use.

When conducting QSOs on Est24ilQatarOSCAR 100 with the feed oidks, the above
measurements were confirmed. The Octagon Dual PLL LNBs with the TCXOs performs very well.
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To protect the feed against theeatherl used al00Omm water pipe,on which Iglued a bottom plate
made of PVC. In thisttom platethe coaxial cablgacksare screwed. The connections are sealed
with Spinner Plast2000. So far, | have had very good experiences wigledtiisgand | intend to seal
alsothe LNB with it when all ftiner tests have been successfully completed.

To fix the feed in the tube, another ring of plastic was turned, which was glued into the tube. In this
ring M3 threads were cut so that the feed with the Teflon holder is scraaéis ring. Thus, the
feed is fixed in the tube and cant slipneither axiallynor radially.
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An attachable Teflon cover protects the front of the feédTeflon ring hokla thin Teflon foilA
rubber seal is embedded the Teflon ring.

This ighe feed aftereverythngwasassembled:
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Adjusting the 2.4 GHz patébedis quite easywith the capacitive probe which can be adjusted with a
screw on the back of the patdieed. The final tuningh®uld bedone, whenthe feed is mounted in

the weatherproof housingDue tothe housing and the front cover, the resonarfoequencyshifts
slightly downward. Theeturn loss a405 MHz is about 28dBvhich corresponds to ¥SWR of 1.08.
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Ref Lvl VBW 2 MH= T&E Lvl —20 dBm
—Z0 dBm SWT 100 ms= Unit dB8
o
-10 APP
-20
-30
—40
=50
—€0
=70
-80
-50
-100
Start 2.2 GHs 40 MH=/ Stop 2.6 GH=
Date: 21 _DEC_2018 16:-05:-49%5

28



Finally here arepictures of the feed mounted in the quighange bracket of the parabolitish
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