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1 Introduction

During the month of May some RFI measurements have been carried out with
the new RFI system in Yebes Observatory. The system consist of a set of
three antennas, a downconverter located in the rooftop of the building and an
spectrum analyzer located in the laboratory. More details are found in CDT
Technical report 2019-12.

1-18 GHz

Downconverter

2 Measurement setup and calibration process
The instrumentation used is the following;:

e 20 Hz-40 GHz Keysight spectrum analyzer, model FSEK30.

e 10 MHz-40 GHz Rhode & Schwarz signal generator.

e RF coaxial cables.

PC and Matlab software.

e GPIB-Ethernet Prologix controller.



The calibration process carried out follows the next steps:

e To obtain the gain of each subband (Gp,Gu,Gpg):

The RF signal generator (at the rooftop) along with a coaxial cable "A’
(used also in the next step) is connected to the each of the antenna’s
output, and it generate a pulse that makes a sweep over each subband.
The spectrum analyzer located at the laboratory collects the data in a
max hold mode. With that, it is measured the chain which consist of
the sum of the downconverter, the input cables and the 36-m cable that
carries the output signal to the laboratory.

After that, the signal generator along with the same cable "A’ used in the
previous step is connected directly to the spectrum analyzer. The same
sweep with the same configuration used in the previous step is performed
in order to subtract the data collected in the previous step to the data of
this one. At that point we have obtained the gain of the chain between
the preamplifier output and the input of the spectrum analyzer for each
subband.

e To obtain the gain of each antenna (Gantr,Ganty,Ganty) and
preamplifier (Gampr,, Gampyr, Gampp):

These insformation has to be transferred from the theoretic data in the
datasheet to Matlab. Only the low band preamplifier was measured in the
laboratory, so in this case the data is the real one.

e To Convert the power measured (dBm) into spectral densisty
flux (dBW/m? - Hz):
This equation is derived from the effective area and the flux.
SldBw/m2.1:] = Pn[dBm] — 30 — Gy a(dB) — 101log(RBW[H 2])—
—~101og(Gys) + 2010g(10°) + 20log(f[M H 2]) — 158.54 =
= P, (dBm) — Grya(dB) — 10log(RBW[M Hz])—
—Glani(dB) 4 20log(f[M Hz]) — 128.54,

where the P, is the measured power with the analyzer, G4 is the gain
of the whole chain from the output of the antenna up to the input of the
analyzer (Gizara) + Gampriaa)), RBW is the resolution bandwidth of
the analyzer and Gy, is the gain of the antenna (Gantiz|am)). Thus,
the spectral density power flux (spectral pfd) is obtained at the antenna
input.

3 Calibration measurements

The different measured gains of each subband (G[z|am)) between the antenna
output and the analyzer input are shown in Figure 1.

The gain of each antenna (Gant||rf7) and preamplifier (Gampir|ar ) are
shown in Figures 2 and 3 repectively.



20 10
\ \ A
10f N\ 1517 5 W
N \A L
e " - VWA, o et
g ™, g A g LW
Y . < WA E !
8 2 . 8 s v 8 , Wy 4
2 W . RANTIT
”“N\,ﬂ, o \‘”, f h“' \
30 Ny 15 W N
i
35 5 20
o 5 10 15 20 8 20 2 o2 2 28 25 30 3 40
Frequency (GHz) Frequency (GHz) Frequency (GHz)
(a) Low band (b) Mid band (c¢) Upper band
Figure 1: Gain of each subband between antenna’s output and the input of the
analyzer (G[r|a|m])-
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Figure 2: Gain of the preamplifier of each subband.
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Figure 3: Gain of the antennas of each subband.

4 Postprocessed data

The data collected from the analyzer is taken by a GPIB-Ethernet device, and
the data is processing afterthat with Matlab. The data is saved in a ”txt” file.
An app has been done to read, process and plot the data of interest. The

interface is shown in figure 4.



Folder | barrido_az Plot other radio freq. services

Start Freq [GGMM] | * Mame
Stop Freg [GGMM] | * Color
Azimuth DO | Y value 0
Polarization [HV] | * Start Freq 0
Band [LIMH] | L Stop Freq 0
RBW (MHz) 0.3 Plot RF services
* 1o selectall

Plot protected bands

Trace color |k

RAS
Hold on

Plot Max. limit

Flot 40-m receivers

Figure 4: Matlab app interface

The way to proceed is to organized the “.txt” files in folders with an specific
name structured as following:

[GGMM]-[GGMM]-az[XXX]-pol[V| H]-[L| M| H].txt

where GGMM (the two first numbers show the Gigaherzt and the last two
the Megahertz) is the start and stop frequency, for example if the analyzer has
measured from 1.5 to 2.5 GHz, at 300 azimuth degrees, in vertical polarization
and in the downconverter is set to the low band, the file name is “0150-0250-
az300-polV-L.txt”. In case that the measurement is done in a sweep way, the
azimuth has to be “999” Appart from plotting the RFI signal, the max limit
permitted for non protected bands, as well as the protected ones can be plotted
and the RAS-bands where Yebes has receivers (the 40-m ones).

An example with all the options plotted is shown in Figure 5. In that figure
the 40m-receivers are plot in blue, and the protected subbands are plotted in
red over the spectrum (such as the range between 1 an 2 GHz). The maximum
limit threshold of +88.8 dB(uV/m) is obtained in pfd units per Hz with the
equation (4)
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Figure 5: 1-6 GHz RFI spectrum example.



S[dBw /m2.1:] = Eux [dByyv/m| — 145.8 = 10 - log(RBW [Hz])

5 Results

Several measurement every 1 GHz were taken in order to cover the frequency
range from 1 to 26.5GHz with a reasonable resolution. A 360-degrees sweep is
done in azimuth in 5 degrees step with an integration time of 15 seconds (the
hole azimut range in a total time of 2500 sec). And a fixed elevation of 1 degree
to point to the skyline, from where the terrestrial interferences come from. The

RBW was set to 300 kHz.

The spectrum up to 26.5 GHz is shown but in several graphs with more detail
and in both polarizations. The different bands of the 40-m receivers are plotted
in blue, and in red the protected bands for RAS. Limit for the non-protected

bands is plotted in dash line.
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6 Conclusions

Some notes to be taken from the data:
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The different bands inside the spectrum analyzer has no been cancelled
with the calibration as a consequence of the poor resolution the calibration
has (only 500 points over 18 GHz for the worst case (L)). This problem
will be fixed in a future in order to get more precised data.

Upper part of the spectrum shows a rising noise floor. This is due to have
applied the equation (section 2) to the whole spectrum (mainly this slope
is due to the cable losses). The optimum way to do that should be to
apply only the conversion into the real signals because the noise floor is
related to the sensibility and no conversion has to be applied.

The most polluted band is the lowest one up to 3 GHz approximately and
also the 9 GHz for vertical polarization.

There is not any interference in the protected bands for RAS, or at least
not so intense that this system could detect it.
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