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Abstract: Radio frequency interference (RFI) represents all unwanted signals detected by radio
receivers of a telescope. Unfortunately, the presence of RFI is significantly increasing with the
technological development of wireless systems around the world. For this reason, RFI measurement
campaigns are periodically necessary to map the RFI scenario around a telescope. The Sardinia
Radio Telescope (SRT) is an Italian instrument that was designed to operate in a wide frequency band
between 300 MHz and 116 GHz. One of the receivers of the telescope is a coaxial cryogenic receiver
that covered a portion of the P and L bands (i.e., 305-410 MHz and 1300-1800 MHZz) in its original
version. Although the receiver was used for years to observe bright sources with sufficient results, its
sub-bands can be redesigned considering the most recently evolved RFI scenario. In this paper, the
results of a RFI measurement campaign are reported and discussed. On the basis of these results,
the new sub-bands of the L-P receiver, together with the design of the new microwave filter selector
block of the SRT receiver, are presented. In this way, SRT will cover up to 120 MHz and 460 MHz
of —3 dB bandwidth at the P-band (290410 MHz) and L-band (1320-1780 MHz), respectively. The
bands of these filters are selected to reject the main RFI with high levels of amplitude and optimize
the estimated antenna temperature and sensitivity of the receiver during the research activities, such
as pulsar observations, very long baseline interferometer applications and spectroscopy science.

Keywords: radio telescope; radio frequency interference (RFI); cryogenic radio receivers; ultra-high
frequency (UHF); L-band; P-band

1. Introduction

Radio frequency interference (RFI) consists of unwanted human-made signals detected
by a receiver (i.e., radio telescope), such as self-produced spurious signals and harmonics
from lower frequency bands, and spread-spectrum signals generated by devices installed
in the surrounding area or on space-to-ground transmissions [1]. Currently, the presence
of RFI is increasing because of the extensive abuse of wireless technologies around the
world [2]. Although the International Telecommunication Union (ITU) assigned several
specific frequency bands to the radio astronomy service (RAS) [3], the radio receivers for
telescopes are designed and developed with the widest bandwidth as much as possible. In
this manner, astronomers can analyze a larger amount of data at several frequencies with
respect to the narrow bands dedicated to the RAS. In the receiver design stage, or more
generally in a radio telescope development, a trade-off needs to be found in order to have a
wide bandwidth with the least number of unwanted signals [4-7].

The unavoidable presence of RFI in the telescope frequency bands increases the
estimated antenna temperature, leading to a degradation in the sensitivity of the system.
Consequently, the monitoring and mitigation of RFI represents one of the most important
aspects to consider for the optimal functioning of a radio telescope. With regards to the
monitoring operations, dedicated measurement campaigns are periodically necessary [7-9].
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Typically, the RFI survey can be performed using fixed stations, such as the telescope itself
or a dedicated ad hoc system for RFI detection, and mobile laboratories [9]. Regarding the
RFI mitigation, it can be carried out by interventions on the receiver hardware components
or by developing dedicated software [8]. In the first option, the design of the signal
acquisition chain can be revised by adding microwave filters with a focus on rejecting
the unwanted signals with the highest levels of amplitude, which can saturate the active
components (i.e., the low noise amplifiers) of the receiving chain [9,10]. In the case of
the development of dedicated software for RFI mitigation, several works are available
in the literature [11-13]. For instance, a specific algorithm for the spectrogram analysis
using image processing techniques to detect and mitigate RFI by two-dimensional filtering
is proposed in [12]. In addition, considering the antenna features and geographic and
meteorological databases, the scenario around a telescope can be modelled to evaluate the
influence of RFI and protect the radio environment in the surrounding area, as well as
improving site selection for planned radio astronomical facilities [13].

Focusing on the ultra-high frequency (UHF) and in particular, on the so-called P-band
(i.e., 200-1000 MHz) and L-band (i.e., 1-2 GHz), a portion of these bands is assigned to
the RAS in Italy (Europe). In detail, for the P-band, the dedicated sub-band sweeps be-
tween 406.1 MHz and 410 MHz [3]. Instead, the range 1400-1427 MHz is reserved for the
L-band [3]. Although the RAS bands are available, radio receivers are usually designed to
operate at larger bandwidths in order to achieve better sensitivity [3]. Several scientific
studies are performed thanks to data detected by radio telescopes at these frequencies
(i.e., pulsar research, eclipsing binaries, observations for the very long baseline interferom-
eter, etc. [14-16]). In addition, some radars are useful for space situational awareness (SSA)
activities operating at the P-band [17-19].

In Italy, the Sardinia Radio Telescope (SRT), owned by the Italian National Institute
for Astrophysics (INAF), is an instrument designed to operate over a wide frequency range
between 300 MHz and 116 GHz. The telescope is located 35 km northeast of Cagliari, in
the Pranu Sanguini territory (Lat. 39.493072° N-Long. 9.245151° E), at an altitude of about
650 m above sea level. The technical characteristics of the telescope and its radio receivers
are described in detail in [9,20-23]. One of its radio receivers is the cryogenic coaxial
dual-frequency L-P band receiver, which is installed on the primary focus and covers
the nominal bands of 305-410 MHz and 1300-1800 MHz simultaneously. Although this
receiver has been used for years with sufficient results in astronomy research, it presents
some modules that could be improved in terms of performance and sensitivity. A detailed
description of this receiver and a feasibility study of its upgrade are presented in [9].

In this paper, the methodology and results of a RFI measurements campaign at the P
and L frequency bands is presented. The measurements are performed in the area around
the SRT site by the end of 2022 and in early 2023. This RFI evaluation is focused on the
larger bands (i.e., 250—450 MHz and 1200-1800 MHz) than the range cover by the L-P
receiver of SRT. The aim is to redefine the sub-bands of this radio receiver in an attempt to
reject the main unwanted signals with very high levels of amplitude that have arisen during
the years of the telescope’s operation. In this regard, the bandwidths of new microwave
filters to install on the upgraded version of the receiver are presented. The measurement
setup is accurately described in Section 2. The results of the RFI measurements campaign
and the bandwidths chosen for the new microwave filters are reported in Section 3. Finally,
a discussion with the conclusions about the work is outlined in Section 4.

2. Materials and Methods

A RFI measurements campaign has been conducted using the INAF mobile laboratory
by the end of 2022 and in early 2023 [24]. Two strategic geographic points are considered
to perform the measurements. These points are situated at an altitude comparable with
the position of the primary focus of SRT, where the L-P receiver is installed. A map of this
scenario is shown in Figure 1a. In particular, the selected locations are:
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| Sardinia Radio Telescope

Area number 2 =5
»
.

e  Areanumber 1: a point on the Monti Ixi mountain (Lat. 39.50075958202559° N-Long.
9.26616912945711° E), located at about 2 km from SRT;

e  Areanumber 2: a point on the Union of Municipalities of Gerrei, called Colonia Mon-
tana (Lat. 39.4900647290649° N-Long. 9.23939203600374° E), located at about 600 m
from SRT.

Area number 1 |8

(b)

Figure 1. (a) Map of the measurement campaign scenario. Area number 1 and Area number 2 are

situated at an altitude comparable with the position of the primary focus of SRT, and represent the
optimal points to perform the measurements; (b) photo of the INAF mobile laboratory with the
Sardinia Radio Telescope in the background.

The INAF mobile laboratory was designed to have a very high sensitivity and a large
dynamic range over a wide frequency range up to 40 GHz [24]. A photo of the system
is shown in Figure 1b. The system is equipped with a retractable telescopic mast where
the antenna is installed, and can be electronically or manually rotated in the azimuthal
direction. Six channels, composed of an ad hoc receiver chain of microwave components
(i.e., microwave filters, low noise amplifier, etc.) are available to conduct measurements
between 300 MHz and 18 GHz. For the frequency range above 18 GHz, a different configu-
ration with two dedicated low noise amplifiers is used. A detailed characterization of all
available channels is described in [24].

Regarding the RFI campaign proposed in this paper, channels A and B of the INAF
mobile laboratory have been used. In detail, channel A is based on a band pass filter (BPF),
model 8BC-360/A120-S from K&L, Salisbury, USA [25], which covers the band between
250 and 450 MHz. Instead, the channel B uses another BPF, model 8BC-1510/ A590-S from
K&L, Salisbury, USA [25], which sweeps in the range of 1200-1800 MHz. For each band,
a commercial log periodic dipole antenna (LDPA) is used [24]. The specifications of the
channels A and B and the two LDPAs are summarized in Table 1.

Table 1. Specifications of the two front ends of the INAF mobile laboratory used for the P and L band
RFI measurements.

Frequency Coverage Gain in Band
Note Name [GHz] [dB/dBi]
Channel specifications Channel A 0.25-0.45 36.5-35
Channel B 1.2-1.8 31-28
P-band LPDA, model LPA 370-10 0.25-0.45 11-12

Antenna specifications

L/S-band LPDA, model LPA 2000-10 1.2-3.3 11-11.5
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The back end of the system is based on a spectrum analyzer, model FSV40 from
Rohde & Schwarz, Columbia, IN, USA [26]. The P-band and L-band scenario around the
SRT site have been determined with a focus on impulsive and stationary signals. For this
discrimination, the spectrum analyzer has been properly set and these settings are reported
in the discussion about the results of Section 3.

3. Results and Discussion

The results of the RFI measurements campaign are separately presented for the P-band
(Section 3.1) and the L-band (Section 3.2). The same measurement procedure has been
applied for both of these bands. This procedure consists of some 360-degree slow rotations
of the mast where the antenna is positioned. The total duration of this measurement
procedure is up to 15 min, which is considered a sufficient timing window to map the
general RFI scenario in the considered zone. The spectrum analyzer is set in “max hold”
mode and the data are stored. This procedure has been repeated for each antenna’s linear
polarization (i.e., horizontal and vertical) and the data are merged. In this way, all azimuthal
directions are considered and the surrounding RFI scenario can be accurately mapped.

The measurement procedure has been used for both continuous and impulsive signal
detection. The difference between these two modes consists of the resolution bandwidth
(RBW) of the spectrum analyzer. In more detail, the RBW can be set to few kHz (i.e.,
100 kHz) for detecting continuous signals, and from this aspect derives the name “narrow-
band campaign”. Whereas, the survey of impulsive signals requires a higher RBW, such as
a few MHz (i.e., 1 MHz). For this reason, the measurement of impulsive signals are called a
“wideband campaign”.

Naturally, a more accurate campaign could be performed to verify the possible pres-
ence of other episodic signals, depending on the time of the day/week/month. In this case,
the timing acquisition window could be considerably larger, such as one or more days.
However, for the goal of this paper, a 15 min timing acquisition window represents the best
solution to achieve the desired result. In fact, the aim of these RFI measurements consists
of designing the new filter selector block of the L-P receiver to detect (and reject using the
new microwave filters) only the main unwanted signals present on a daily basis on the SRT
observations. In general, all of the other signals, such as episodic signals, can be rejected by
the astronomers using dedicated software for astronomic data analysis, without the need
to add new microwave filters to the signal acquisition chain of the receiver.

3.1. The RFI Measurement Campaign at P-Band

Regarding the P-band, a critical point needs to be explained. As discovered in recent
years, a signal with a very high level of amplitude spreads in the air. This signal sweeps in
the frequency range between 385 and 395 MHz, and derives from the Terrestrial Trunked
Radio (TETRA) system for the radio communications of the Italian Ministry of Defense.
Previous results of a measurements campaign that detected and analyzed this signal are
reported in [9]. Unfortunately, one of the many TETRA stations is installed on the Monte Ixi
mountain, in a place very close to area number 1 of the measurement campaign presented
in this paper. In order to prevent the saturation of the active components of the front
end, a Notch filter (i.e., model 6PR6-392.5-X4.5 S11 from Reactel, Inc., Gaithersburg, MD,
USA [27]) has been installed on the receiving chain of the INAF mobile laboratory. This
filter guarantees an attenuation of approximately 70 dB in the band 385-395 MHz.

Regarding area number 1 of Figure 1la, the results of the narrowband campaign
(continuous signals) are shown in Figure 2a, whereas Figure 2b displays the results of the
wideband measurements (impulsive signals).

Regarding area number 2 in Figure 1a, the results of continuous and impulsive signal
detection are shown in Figures 3a and 3b, respectively.
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Area Number 1 - Narrowband campaign (RBW = 100 kHz) at P-band
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Figure 2. (a) The P-band spectrum, between 250 and 450 MHz, measured in the narrowband campaign

(i.e., spectrum analyzer RBW set to 100 kHz) for detection of continuous signals in area number 1;
(b) the P-band spectrum, between 250 and 450 MHz, measured in the wideband campaign (i.e., RBW

set to 1 MHz) for detection of impulsive signals in area number 1.

The structure of the charts is the same for Figures 2 and 3. On the x-axis, the frequency
range, between 250 MHz and 450 MHz, is considered in the measurements. On the y-
axis, the amplitude of the signals is indicated in decibels and is referred to as 1 milliwatt
(i.e., dBm). This amplitude is the power level of the signals detected by the INAF mo-
bile laboratory at the input of the spectrum analyzer, used as the back end in the signal

acquisition chain.

In general, the same signals are equally detected in the two different areas. Firstly,
with regard to the continuous signals (narrowband campaign), the most significant signals

are listed in the following:

275-285 MHz: signals generated by defense systems, such as the Italian Air Force [28];

300-330 MHz: signals of radars from the Italian Air Force [28];

360-380 MHz: signals generated by defense systems such as the Italian Air Force
and other worldwide military communication systems (ground-based and space-
based) [28,29]. In particular, this signal belongs to the downlink of the Mobile User
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Objective System (MUOS), a United States space force narrowband military communi-
cation satellite system [29];

402-406 MHz: weather balloons that can also generate signals into the RAS band [28];
420-450 MHz: signals feed by aeronautical services, amateur radiolocation and active
satellite sensors [28].

Area Number 2 - Narrowband campaign (RBW = 100 kHz) at P-band
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Area Number 2 - Wideband campaign (RBW =1 MHz) at P-band
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Figure 3. (a) The P-band spectrum, between 250 and 450 MHz, measured in the narrowband campaign
(i.e., spectrum analyzer RBW set to 100 kHz) for detection of continuous signals in area number 2;
(b) The P-band spectrum, between 250 and 450 MHz, measured in the wideband campaign (i.e., RBW
set to 1 MHz) for detection of impulsive signals in area number 2.

Secondly, regarding the impulsive signals (wideband campaign), in both zones a signal
propagating in almost all frequency bands (in particular, between 270 and 380 MHz) has
been detected. This signal is generated by the electrical line whose cables are supported by
electricity pylons installed on the ground, passing through the entire zone. These cables are
all isolated through surge voltage arresters from the electricity pylon. These surge voltage
arresters wear out and trap dirt over time, resulting in the generation of electrical discharges
and consequently impulsive radio frequency signals in a completely random manner. In
addition, these conditions can also occur in strong wind that causes the oscillation of the
cables, which are not completely isolated from the pylon. Unfortunately, these signals will
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always be present under certain conditions and can disturb astronomical observations.
The Italian electricity operator could periodically undertake maintenance on the entire
electricity line by replacing the surge voltage arresters. In this manner, a cleaner spectrum
can be guaranteed.

On the basis of these results, the room temperature filter selector block of the coaxial
L-P cryogenic receiver of SRT needs to be re-designed. The original version of this filter
selector block is carefully described in [9]. In the case of the P-band channel, two new
combinations of microwave filters have been considered. The first one, proposed by the
pulsar research group and for very long baseline interferometer applications, consists of a
combination between a BPF with a —3 dB bandwidth of 290-410 MHz and a notch filter for
the TETRA signal rejection (i.e., 385-395 MHz). The other filter, which is useful mainly for
pulsar research applications, is a BPF with a —3 db bandwidth between 290 and 360 MHz.
The microwave filter for space debris application remains the same original version of the
L-P receiver [30]. The main features of the old and the new selected filters are summarized
in Table 2.

Table 2. Specifications of the P-band microwave filters installed on the original version of the receiver
and the new filters features for the upgraded system.

Note Type of Filter —3 dB Bandwidth —30 dB Bandwidth
FPF’ rﬁgj}f’ls ??io'%ﬁgggfé? 295-420 MHz 250-460 MHz
P-band microwave filters installed %)Ir)rll: c{ 1615]1383;;}?;’30 T,5 0-0 [ O]
on the original version of the s mode . -330/ -0/ 300-360 MHz 270-380 MHz
L-P receiver from K&L, Salisbury, MD, USA [25]
BPF, model 3B110-410/T15-O/0O
from K&L, Salisbury, MD, USA [25] 402-418 MHz 380-440 MHz
No filter-extragalactic applications 250-460 MHz 250—460 MHz
. 290-410 MHz + 270-430 MHz +
BPF + Notch filter—Pulsar and VLBI
New P-band microwave filters for 380-400 MHz 385-395 MHz
the upgrade of the L-P receiver BPF-Pulsar 290-360 MHz 270-380 MHz

BPF-Space debris, model
3B110-410/T15-O/0 402-418 MHz 380-440 MHz
from K&L, Salisbury, MD, USA [25]

SRT is part of the worldwide and European VLBI Network (EVN) and its performances
are compatible with those of the other telescopes. In particular, the new microwave filters
proposed in this paper have specifications and features (see Table 2) in line with the front
ends of other telescopes implied in the EVN experiments [31]. With the new microwave
filters (BPF + Notch filter of Table 2), SRT will offer up to 120 MHz of —3 dB bandwidth
at the P-band (see Table 2), resulting in one of the worldwide telescopes with the largest
range of frequencies. Globally, the SRT’s characteristics can be compared with the Robert
C. Byrd Green Bank Telescope (GBT), located in Green Bank (Green Bank, WV, USA). It
has a diameter of 100 m and features a —3 dB bandwidth of 105 MHz between 290 MHz
and 395 MHz (i.e., the band channel 342 MHz of the receiver named Prime Focus 1) and
a —3 dB bandwidth of 135 MHz in the range of 385-520 MHz (i.e., the band channel
450 MHz of the receiver named Prime Focus 1) [32]. Moreover, the Effelsberg 100-m Radio
Telescope, located in Bad Miinstereifel (Bad Miinstereifel, Germany), can be considered
as a benchmark for SRT at the European level. This German telescope covers a frequency
range between 400 MHz and 405 MHz and the band of 300-900 MHz with its P740mm and
P500mm receivers, respectively [33].

In addition to the —3 dB bandwidth, the —30 dB frequency response of each filter is
considered to be an important requirement, as indicated in Table 2. The radio astronomy
tools used by digital back ends integrate received signals, and can detect RFIs outside the
—3 dB filter bandwidth. These RFI signals can assume comparable levels of amplitude
with signals from astronomy sources detected in the filter bandwidth. For this reason, in
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contrast to engineering projects that take into account the —3 dB response, the edges of the
frequency response of a microwave filter for radio astronomy applications is considered
when the attenuation is at least 30 dB.

Finally, in Figure 4, a schematic of the new filter selector block for the upgraded
L-P receiver is proposed. The chain is composed of a microwave switch that permits the
selection of the optimal path with an ad hoc filter for the specific observation. After that, a
further amplification stage is provided by a room temperature low noise amplifier.

i X TN
o N X
Multiport ; ~_ ~_
Microwave i -
Switch ; Band-Pass Filter Notch filter
1 ¢ ~3dB BW BPF= 290-410MHz —3dB BW Notch= 380-400 MHz
To—Je— | ol
2 L2, .
|~ —~_ N N
3le » 3 P
] —~—- o L
4 X 4
d— ; — Low Noise Amplifier
Band-Pass Filter Multiport

—-3dB BW= 290-360 MHz Microwave

Switch
2

X
T~
X
Band-Pass Filter
3B110-410/T15-0/0O from K&L
—3dB BW=402-418 MHz

Figure 4. Schematic of the new room temperature P-band filter selector block of the upgraded
L-P receiver.

3.2. The RFI Measurement Campaign at L-Band

Since the portion of the L-band sweeps between 1200 MHz and 1800 MHz, the consid-
ered band has been divided into three parts of 200 MHz each. In this manner, the spectrum
analyzer can be used with the same settings for the RBW for the P-band narrowband and
wideband measurements.

The data measured during the narrowband campaign for the detection of continuous
signals in area number 1 and area number 2 are shown in Figures 5 and 6, respectively.

As well as for the P-band results, the structure of the charts for the L-band spectra
is the same for Figures 5 and 6. On the x-axis the frequency range is considered in the
measurements, divided into three windows of 200 MHz between 1200 MHz and 1800 MHz.
On the y-axis, the amplitude of the signals is indicated in decibels and referred to as
1 milliwatt (i.e., dBm). This amplitude is the power level of the signals detected by the
INAF mobile laboratory at the input of the back end.

Analyzing the spectrum at L-band, several signals with high levels of amplitude have
been found. The main ones are listed in the following:

e 1200-1300 MHz: several signals derived from aeronautical and air force military
radars, active sensors installed on civil and military satellites, GPS satellites, civil and
military radio links are detected in this frequency range [28];

e 1300-1350 MHz: signals generated by aeronautical radio navigation systems and
several radio navigation satellites [28];

1452-1492 MHz: signals of digital audio broadcasting (T-DAB) [28];
1615-1630 MHz: radio communication links;
1715-1785 MHz: signals from mobile communications [28,34].
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Area Number 1 - Narrowband campaign (RBW =100 kHz) at L-band
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Figure 5. The L-band spectrum, between 1200 and 1800 MHz, measured in the narrowband campaign
(i.e., RBW set to 100 kHz) for detection of continuous signals in area number 1. The spectrum has been
divided in three sub-bands. each of them of 200 MHz: (a) the sub-band between 1200 and 1400 MHz;
(b) the sub-band between 1400 and 1600 MHz; (c) the sub-band between 1600 and 1800 MHz.
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Area Number 2 - Narrowband campaign (RBW = 100 kHz) at L-band
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Figure 6. The L-band spectrum, between 1200 and 1800 MHz, measured in the narrowband campaign
(i.e., RBW set to 100 kHz) for detection of impulsive signals in area number 2. The spectrum has been
divided in three sub-bands, each of them of 200 MHz: (a) the sub-band between 1200 and 1400 MHz;
(b) the sub-band between 1400 and 1600 MHz; (c) the sub-band between 1600 and 1800 MHz.

Unfortunately, most of these permanent signals, such as the signals from military
radars and civil mobile communications, did not exist when the coaxial L-P cryogenic
receiver was designed. For this reason, the original bandwidth of the receiver was between
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1300 and 1800 MHz. However, as time goes by, the presence of these unwanted signals will
cause a narrowing of the entire useful band of observation.

The results of the wideband campaign for collecting impulsive signals are displayed
in Figure 7 (i.e., Area number 1) and Figure 8 (i.e., area number 2). The structure of the
graphs is the same as described above.
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Figure 7. The L-band spectrum, between 1200 and 1800 MHz, measured in the wideband campaign
(i.e., RBW set to 1 MHz) for detection of impulsive signals in area number 1. The spectrum has been
divided in three sub-bands, each of them of 200 MHz: (a) the sub-band between 1200 and 1400 MHz;
(b) the sub-band between 1400 and 1600 MHz; (c) the sub-band between 1600 and 1800 MHz.
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Figure 8. The L-band spectrum, between 1200 and 1800 MHz, measured in the wideband campaign
(i.e., RBW set to 1 MHz) for detection of impulsive signals in area number 2. The spectrum has been
divided in three sub-bands, each of them of 200 MHz: (a) the sub-band between 1200 and 1400 MHz;
(b) the sub-band between 1400 and 1600 MHz; (c) the sub-band between 1600 and 1800 MHz.
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Concerning the impulsive signals, a high concentration of signals populates the sub-
band 1200-1400 MHz (see Figures 7a and 8a). In particular, these signals are spurious and
harmonics of the military radars. An improvement could be achieved by adding ad hoc
microwave filters to the transmitting systems in order to reject these unwanted signals.

Following discussions with the research groups that use the L-P receiver at L-band
(i.e., pulsar and spectroscopy groups), the new sub-bands have been determined and
the requirements for the new microwave filters are established. In particular, the L-band
channel of the original version of the receiver was equipped with four radio frequency
paths with different bands (see the first part of Table 3) [9]. For the upgraded version of the
receiver, four new sub-bands have been selected for the new filters of the room temperature
filter selector block. These filters will replace the old components. They are BPF with
different —3 dB bandwidths, such as the bands 1320-1780 MHz and 1380-1780 MHz for
pulsar applications, or the bands 1350-1550 MHz and 1530-1730 MHz for spectroscopy
studies. The features of the new microwave filters are summarized in Table 3.

Table 3. Specifications of the L-band microwave filters installed on the original version of the receiver
and the new filters features for the upgraded system.

Note Type of Filter —3 dB Bandwidth —30 dB Bandwidth
BPF, model 5B120-1540/T520-O/0O from
K&L, Salisbury, MD, USA [25] 1250-1820 MHz 1000-2000 MHz
BPF, model 5B120-1400/T120-O/0O from 1340-1460 MHz 1250-1520 MHz
K&L, Salisbury, MD, USA [25]
BPF, model 5B120-1655/T120-O/0O from
L-band microwave filters K&l Salisbury MD. USA [25] 1600-1730 MHz 1500-1850 MHz
insFalled on the origir}al Notch filter + BPF + Notch filter, models
version of the L-P receiver  ¢N145.1320/E62.7-0/0 from K&L, Salisbury,
MD, USA [25] + 1310-1340 MHz +
5B120-1540/T520-O/0O from 1250-1820 MHz + -
K&L, Salisbury, MD, USA [25] + 1790-1960 MHz
6NS11-1880/E138-O/0 from K&L, Salisbury,
MD, USA [25]

New L-band microwave filters BPF-Pulsar 1320-1780 MHz 1300-1800 MHz
for the uperade of the L-P BPF-Pulsar and VLBI 1380-1780 MHz 1360-1800 MHz
}zgceiver BPF-Spectroscopy 1350-1550 MHz -

BPF-Spectroscopy 1530-1730 MHz -

The largest —3 dB frequency band that SRT covers at the L-band, thanks to the
installation of the new microwave filters proposed in this paper, is of 460 MHz between
1320 MHz and 1780 MHz (see Table 3). This filter rejects the continuous unwanted signals
from the military radars and civil mobile communications. The new bandwidth at the
L-band of SRT is in line with the GBT’s frequency range of 1150-1730 MHz, which is
covered by its L-band receiver installed on its Gregorian focus [32]. Furthermore, the
portion of the L-band covered by SRT is similar to the frequency range of the Effelsberg
100-m Radio Telescope at the European level. This instrument is equipped with two L-band
receivers, named P217mm 7-beam and P200mm 4-box, which operate in the bands of
1270-1450 MHz and 1290-1430/1570-1720 MHz, respectively [33].

Finally, as well as for the P-band channel of the L-P receiver, a schematic of the new
filter selector block is reported in Figure 9. The schematic is similar to that of the P-band
channel. The difference lies in the filter models for each radio frequency path.
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Figure 9. Schematic of the new room temperature of the L-band filter selector block of the upgraded
L-P receiver.

4. Conclusions and Future Work

One of the radio receivers of SRT covered a portion of the P-band, between 305 and
410 MHz, and the range of 1300-1800 MHz of the L-band. This is a coaxial dual-feed
cryogenic receiver installed on the primary focus of the telescope. Although the receiver
was used for years in its original design with good results, its sub-bands can be redesigned
considering the most recently evolved RFI scenario. A dedicated RFI measurement cam-
paign has been conducted to detect all continuous and impulsive signals at the P and L
bands (i.e., 250-450 MHz and 1200-1800 MHz) in the telescope surrounding area. On the
basis of the results of these measurements, the new sub-bands of the receiver have been
established in accordance with the needs of the various research activities such as pulsars,
very long baseline interferometer and spectroscopy applications. In particular, SRT will
cover up to 120 MHz and 460 MHz of —3 dB bandwidth at the P-band (290-410 MHz) and
L-band (1320-1780 MHz), respectively. These frequency sub-bands are the requirements of
the new microwave filters to install in the coaxial L-P cryogenic receiver of SRT. Thanks to
these new filters, the strong TETRA signals (at 385-395 MHz) and the strong signals from
military radars and civil mobile communications (at 1200-1350 MHz) are rejected, avoiding
the saturation of the active components of the receiving chain (i.e., low noise amplifiers)
and the digital back end.

Recently, with the focus to maximize the scientific research results and extend them to
high frequencies (up to 116 GHz) not yet covered by SRT, INAF has expressed an interest
in upgrading its telescope. For these reasons, an Italian National Operational Program
(PON) funding [35] has been allocated to INAF by the Italian Ministry of University and
Research, with the aim to install four new receivers on the telescope at high frequencies,
such as the Q-band (33-50 GHz) and W-band (70-116 GHz) [35,36]. The works relating to
the PON project imposed the temporary dismantling of the old receivers, including the
coaxial L-P cryogenic receiver, and a consequent stop on the SRT scientific observations. By
taking advantage of this situation, it has been possible to study, upgrade, maintain, test and
refurbishing the old receivers in the laboratory to verify their actual performances. In this
context, the changes in the L-P receiver and the upgrade of its filter selector block, based on
the design proposed in this paper, will be undertaken in the near future.
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