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" RFI (cont.)

Allocated bands are very often too narrow for the wide
band required to achieve high sensitivity

Spectral line sometimes not in the protected band

Radio astronomy and geodesy then must observe
bands allocated for other services

Radiotelescopes need to find strategies and methods
to minimize error effects on useful data
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How RFI| affect observations (cont.)

Sensitivity of a radiotelescope + receiver is set by the
system noise temperature => tolerance to RFI needs to
be compared to this

Probability to have RFI in the main beam is low, but
still possible

In normal condition RFI enter the system trough the
side lobes

An easy approximation for most of the cases is that we
dispose of an additional o dBi antenna with collecting
area A2/ 4m
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How RFI affect observations (cont.)

RFI to noise power : 22

ey Frii —

ratio is then RFI/Sys = AT
KTsvs B

In single-dish observations with integration time ¢ such value is
multiplied by Bt and represents the most sensitive observing mode to
RFI.

Harmful thresholds in the RFI flux density can be defined for typical
observing conditions. For instance tolerating a 10% RFI level with respect
to the system noise produces thresholds of

-170 dBm/m?> @ 100MHz, -160 dBm/m? @ 1GHz,
-130 dBm/m? @ 10GHz, -100 dBm/m? @ 100GHz
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How RFI affect observations (cont.)

In VLBI RFI introduce additional uncorrelated noise so the
correlation coefficient is modified like

)

RFI in practice increase the system temperature in one or
both stations reducing the sensitivity

Typically the harmful level in VLBI is about 40 dB greater
than the single-dish case tolerating a 1 % interference to
system noise ratio
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Example at the correlator

Mk4 Fringe Plot

1741-038.tzyysx, 3321213, Il

Mk4 Fringe Plot
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Example at the correlator

Mk4 Fringe Plot
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Mk4 Fringe Plot
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At a VLBI station
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At a VLBI station

If we need to fight against an enemy it’s better we
know who is and where is coming from

Any station should have personnel dedicated part of
the time to have knowledge of RFI

A systematic and automatic monitoring could be
worth to be set

A list with the RFI information of frequency,
polarization, direction, bwd, time presence, etc.
represents a sort of RFI_ID_card

Standardization could be worth
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Example of equipment to monitor RFI
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Mlini Cirewite ZEL 1724 LN
100400 MHz, HF1 .5, +10dBm
low noise RF Anplifier

RF OUTPUT
to splitter
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RF OUTPUT
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30-2000 MHz RFTI Monitoring data archive

When to monitor

Month / Year 2005 2006 2007 2008
Janumary Data Spectrum Data Spectrum Data Spectrum Data Spectum
Februarv Data Spectrum Data Spectrum Data Spectrum Data Spectrum
March Data Spectrum Data Spectrum Data Spectrum Data Spectrum

April Data Spectrum Data Spectrum Data Spectrum Data Spectrum
May Data Spectrum Data Spectrum Data Spectrum Data Spectrum
June Data Spectrum Data Spectrum Data Spectrum Data Spectrum
July Data Spectrum Data Spectrum Data Spectrum Data Spectrum
August Data Spectrum Data Spectrum Data Spectrum Data Spectrum
September Data Spectrum Data Spectrum Data Spectrum Data Spectrum
October Data Spectrum Data Spectrum Data Spectrum Data Spectrum
November Data Spectrum Data Spectrum Data Spectrum Data Spectrum
December Data Spectrum Data Spectrum Data Spectrum Data Spectrum

FRFF 2009 - Wettzell




What to monitor

20-2000 MHz V + H frequency spectrum

l |

Level ([dBm)

100 200 300 400 500 GO0 700 8OO GO0 1000 1100 1200 1300 1400 1500 1800 1700
Freg. (MHZ)
FRFF 2009 - Wettzell
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Example of log file

file: may39nt.txt

data format:

station:

scanning (y or nj:
receiver:

antenna type:

antenna height [(m):
antenna location:

antenna polarisation:
number of fregquency bins:
lowest frequency (Hz):
highest fregquency (Hz):
number of spectra:

start date (UT dd mm yyvy)):
start time (Ul 53 mm hh)):
duration of one scan (8):

channel integration time (=):

channel bandwidth (Hz):
gignal uvnit:

power flux density unit:
rfi id:

rem:
Freq. Ampl .
MH= dBm.

S0 -67

7 | i -65
&9, 2 -64
LB 2 -64
L0, 4 -63

Noto VLBI Radiotelescope
¥
ICCH R-5000
Local calibrated RFI system
iz
Horizontal f Vertical worst case
13500
S0e&
20ed
48
15 05 19595
09 30 00
4800
&
1ad
dBm
dBW/m"2
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Very strong interference

For worst case RFI able to saturate (or distroy) the
front-end LNA some pre-filtering would be required

Hight Temperature Superconducting (HTS) materials
could offer a solution

Difterent possibilities, one explored: YBCO on LaAlO3
substrate

In Noto extensively studied and simulated X, C and L

L band filter realised in Noto to reduce a strong radar
emission

Other examples (few) are in literature
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Noto L band HST Filter

Total Loss
D —
1.43 GHZ 1.43 GHz
-10 -0.184 154
-20
-30
40 —ham,
—DB(SI2,11)
Hairpin_LAD
-50
1212513135 14 145 151551616517 175 18 18519
Frequency (GHz)
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Noto L band HST Filter

Total Loss

—DBIsT)
Hairpin_L&0

— DBIS[210})
Hairpin_LA&0
—

I |

12125 1313514145 151551616517 17518 185 1.9

Frequency (GHz)
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Other examples

IFTU-29

Superconducting Microstrip Wide Band Filter for Radio Astronomy
Yuanzhi Li, Michael J. Lancaster, Frederick Hoang, and Meil Roddis

School of Electronse, Elestrical and Compister Engineering, The Uiversity of Birmingham,
Edghaston, Birmingham, B15 2TT, United Kingdom

Jodrell Bank Obscrvatory. University of Manchester, Macelesfield, SK11 DL, United Kingdom

Abstract — A nbsih order wide-band baodpass filer i
presented for radio sstromvey applicaticss. The e, foe
Sodrell Bunk Radio (Rservasery, is designed e have
Trsctimnal bandwidih of 26 4% aed 2 center Trequency of
153 Gl T4 wses buth straight and bairpin resomasors w
order by wihleve the wide bandwideh. 'I.lli“ﬂ.lhﬂlﬁ
Indegruted with iwo spur-line noich fisers Ee

TABLE
FILTER BESKON SPECFICATION FROM Bona L1 Bank
Fass Band L1330 - 1730 Mgz

Stop Bandy a0 W
1750 — 3400 MHE
Pass Band Imserten Low | 0.0 dB may

Barmeai: sepprission.
| e Band Bajsctiop [ 2048 min

aad aperimeeta vl SO Eop e | RITF
[P ——— 1060 % 50 15 mm"

L INTRODUCTIEN
R ofhigh | Operating Temp e
11 i 1986, there bas besn ioc et of HTS
(HTS) [1] in 1986, W 3.2 i

malerisks e
filsess sixried 1o emerge during the esdy |99ﬂs,md“h
effort hes been put inlo filler desiges for namow band
spplications [2-[3). Howover, tre are still pol muany
wide band HTS filters aeponted. Heve we sne interested in
B wide haed filter fwmdloal'm applicatie.

With the increasing rad wns ctivities ol

recent years, dhe rado specsnem is becombng intensely
crowded ond (ks fresd B sel 10 ieereise Al an
wnlpordinary rae, Radio asrvcomy is  particalardy
sensitive b inlerference of this ype. A high semperature.
superconducting (HTS) filler, 2t the Foct-end of the
receiver, bas the potentiol 1o effectively climinaie the
merfentnce from adjacest bands, Such a filker will have
miegligible boss, kave exiremely sharp filter skins and he
swall cocsgh W Gl isto e Gurent lvw lempersture
Fyshemns,

This work reporis o pine pele Chebyshey HTS
Eandpass filter design and (53 fabrication acoonding o the
specificetion from Jodredl Bank Radio Observiory (Teble
1). The nine-pole filter sarectere (Fig, |) consists of two
types of hall wavelength resonaiors, smple siwight
resonuiors and falded Bairpin nisomators. The coupling
strecture achieves strong coupling snd gives te filter the
vequired frectional bandwidth of 26.14%. In arder w
Biaggantss the second harmonic, sach feed lime of the two
peris, & insegrmied with ane spur-line filker.

Fig. 1 Layout of the ning-pole filter for 0 3-mm-hick
h:'imalurlnmmm “

551

DeTROL- T4 | IR T.00 & 2003 IEFE

I IEEE MTT-§ Diges
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1. FILTER DESMN

The nine-pole Chebyshey filler i designed to meet the
Jodrel] Bank specificatioss (Table 1), which requirss a
bandwidth of 00 MHz and 20 @B second harmons

. The aynthesis of Chebyshey fillers is well
ke, and the design procedure used here can be faund
in [4] However, i schisve such & wide band responss,
strang coupling between ndjncent resoeators i noeded
There wre a few microstrip filters with fractional

Fig 2 Microwave sper-lise filier

Ireerion L (611

n L m e L s
Pmcpaarcy ()

Fig3  Simulansd responses: of rwa inegraied spar-line
Tilter E

‘e wisith abewe 25% reported [5:6,7], but some of them
[5.6] mre mat likely 10 be suitshle for higher arder filler
Adesign, Far example, the stub-line filter [7] will introduce
axiry Jow frequency spurious respomses. Hence, o new
filber stnaciume is introchuond bere, which consists of half
wavelength and hairpin resonsors, The positions of the
halrpies {Fig. 1) give the highest coupling, & the gap
betwess o resoRalorns fesdans the st Resonators
with 0.2 pm. line widih are used in this filler. By adjusting
v gap between resonators, the requined coupling velues
can be obiained bo realies the filler bandwilih of 400
MHz.

Fig. 2 ehows a lswoul of o spur-ling filer. 1 i
esiwnlially & Ample bandesap Gler sutsble for moderite
uncwidths {around 10%) (8], The filier is embedded in
the S0k micrastrip feed. The spur-line filter consists of o
pir of coupbid Enes a quarer wivelength long, ane line
is npen ended: both lines are connected sogether at the
otber end The leegth of the spur lime L (Fig. 2), is
delermined frum the center frequency af e stop band
The filter can be designed by the procedurne described by
Hates [8]. To increse the rejection, twe spur-line Flters
are apphied herd, b produee notches ol the band pass flter
seoond  Barmondcs. The two spur-lme filers were
simulaied usiog the Sonnet EM simulator [9], Fig 3
shows that the fwa spur-line filers can achieve 20 dB
rejection across bandwidth of at least 250 Mz when not
conmected fo e eam Gller.

mwmmmhﬁwhﬁﬁlw

Bow cross coupling heiwesn noo-adjacesd rescomtars,
However, such umounted cross couplings cammat be
completely mvuided in a flter with suck stromg couplings.
Henge, 2 circuit mode] bas been complesed in Microwave
Office [10] in crer to opimize the whale filler in terms
of Mal bandpass, kew insertice Joss and high bemonic
suppression ralio. Soemel M simslstor was used 8o
provide final sceursie resposses.

Il EXPERIMENTAL RESULTS

The flier was fbrcated on o 0.5 mm ick LaAlCh
substrle with YBCCH thin ﬁlrndq)nsin(lmhml.lsid'-l.
The superconducitng ground plane of the fller was
evaporried with gold to make pood elecrical contsct in
the packaging. To svoid thermal stress, the filer was
konded anto o gekd-plated tieasium eamier and peckaged
inside & titanium housing. Metallic screws are wsed for
tuning the filler. The filler was cooled in & cryogenic
cooker and was menstured using am HPET22E wecior
metwork analyaer.

Fig. 4 showa the messurcd nesalle ar 20K of the nme-
poli filber before mming, compared with Soanet EM (9]
simulised rosults, They show excellend agresment, This
filler is ako tuned at 20K. Fig 4 gives e muasured
resilis after baning. The magimun passband 511 ohserved
s bews than <15 dB, Mast of the second harmosdc has been
suppressed o -20 dB. It can be geen from Fig 5, that the
filier response has been considembly improved by the
‘tuning process (o 2 level better than the simuluted results.
The passhusd ripple (Fig. 6) has been redisced 10 0.2 4B
P-ms;«immh-o:ﬁm-mnwm-

il specilication, and it bandwidth &5 from 1330 ta
]?QUMHS.lﬁlﬂhMIh!weﬂﬁnwm-Ml:lm
misimum passband  msertion boss of BF dB has @
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LaAlDs substrate with diclectric constant of 236, Afler
tening, the filier response has an insertion loss of less than

in a filler suitahle for radio aseronony applicatians.
The filter is curmently being tested in Jodrell Bank
Cbmervtory.
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Relevant RFI: mitigation in digital

domain

Can be removed at different stages in the digital
process

Time - Frequency - Time domain conversion and
clipping have been extensively simulated and tested at
pre-conversion stages in the DBBC (simple)

More complex operations can be realized based on
real-time cancelling (complex but possible, see several
examples in literature, eg. Westerbork)
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Method adopted in the DBBC

* An additional Core2 is required as front-end element
for 2 polarizations

Core2

-~

ADB1/2 FFT* | mp[Threshold | B[ Frr | |

(
—)
ADB1/2 ‘kFFT'l » Threshold » FFT ‘

Total Power T
RFI Mask
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- Conclusions for VLBI2010

It looks reasonable to evaluate whether a station should
dispose of RFI monitor equipment

It could be worth to evaluate if a standardized method is
useful

A real-time RFI log file to be added to other observation
logs?

With a continuous receiving band a tuning strategy to
avoid RFI is possible

Worst case signals (saturation) needs to be treated case by
case

Mitigation to reduce large peaks in the band is possible
with digital methods before band conversion
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