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Estimate of the level of RFI at the ALMA  antennas radiated from the AOS Technical Building, and a comparison with the limits specified in ITU-R RA.769
Darrel Emerson, 2004-09-10, revised 2004-09-13c
A memo from John Webber and Gerry Petencin of 10 September 2003 (see the Appendix below) reported some measurements on the 2-antenna prototype correlator over 4-12 GHz and around 30 GHz, in the lab at the CDL. Only narrow-band emission was detected. As an upper limit to any broadband emission, this note will take the assumed receiver temperature during those measurements of 400 K.  To summarize the results from Webber & Petencin:

Assuming a full 64-antenna correlator:

Narrow band emission (<1 kHz resolution bandwidth) -58 dBm total eirp spread over 4-12 GHz in a number of discrete harmonics – i.e. -88 dBW.  Each individual harmonic radiates -73 dBm = -103 dBW.
Broad band emission: assuming 400 K over 8 GHz bandwidth, using k.T.B this is -104 dBW.

Measurements were also made at 30 GHz, but no emission was detected.

Distance to ALMA antennas

From the current site plan, the distance from the AOS Technical Building (AOS TB) to the nearest ALMA antenna is about 200 meters.  However, it is likely that single dish observations, which are the most susceptible to interference, will only be made in the neighbourhood of the centre of the array, either from the central cluster of antennas or from the ACA.  The distance to the AOS TB in this case is about 500 meters.
Continuum interference level
Combining the summed harmonics (-88 dBW in 8 GHz) and the upper limit on truly broad band emission (-104 dBW in 8 GHz) the eirp from the AOS TB within an 8 GHz band is -87.9 dBW.  Normalizing to 1 Hz bandwidth, this becomes -187 dBW/Hz. At a range of 500 meters, this implies a spectral power flux density (spfd) of -252 dBW/m2/Hz.  At a range of 200 meters, it is -244 dBW/m2/Hz.

Narrow band interference level
In a single spur, the estimated eirp from a full 64-antenna correlator is -73 dBm or -103 dBW.  In a single spectral channel of 250 kHz or 500 kHz bandwidth (the normalizing bandwidth for spectral line observing in RA.769 for 30-40 GHz) there will only be at most a single spur. At a distance of 500 meters, this becomes a power flux density (pfd) of -168 dBW/m2, while at 200 meters it is -160 dBW/m2.
Comparison with ITU-R RA.769

1. at 4-8  GHz:
a. Continuum level:  
At 5 GHz, ITU-R RA.769 gives a spfd level of -241 dBW/m2/Hz as the threshold of harmful interference. The above calculation implies an interference level of -252 dBW/m2/Hz at 500 meters, and -244 dBW/m2/Hz at 200 meters, giving safety margins of 11 dB and 3 dB, respectively. 

b. Narrow band:
At 4.8 GHz, ITU-R RA.769 gives -183 dBW/m2 as the harmful threshold, within a 50 kHz bandwidth.   The above calculation gives expected interference as a pfd of -168 dBW/m2 at 500 meters, and -160 dBW/m2 at 200 meters.  This is 15 dB and 23 dB higher than RA.769.  Note that if the distance from the AOS TB were increased to 2.8 km, this RFI would be reduced to the RA.769 level at that antenna.
2. at ~30 GHz, but taking the radiated interference power levels from 4-8 GHz:
a. Continuum:
At 43 GHz, RA.769 gives a threshold spfd of -228 dBW/m2/Hz. Compared to the above calculation, there is a safety margin of 24 dB and 16 dB at ranges of 500 and 200 meters.  Because of its high bandwidth, the ALMA sensitivity at this frequency is some 4.5 dB better than is implied by RA.769. However, this is still within the safety margin.
b. Narrow band:
At 43 GHz, RA.769 gives a threshold pfd of -153 dBW/m2. Compared to the above calculation, there would be a safety margin of 15 dB and 7 dB at antennas distant by 500 and 200 meters.
3. at  higher frequencies, but still taking the radiated interference power levels from 4-8 GHz, the RA.769 limits are less stringent than those at ~43 GHz by a few or several dB. Assuming the radiated RFI is no stronger at these frequencies than it is at 4-8 GHz, interference under the circumstances considered here will not be an issue.
Conclusions:

At frequencies of 30 GHz and higher, even taking the higher level of radiated power measured at 4-8 GHz, there is a safe margin between the interference flux densities to be expected at antennas distant by 200 and 500 meters from the AOS TB, and the limits prescribed by ITU-R RA.769.  If the upper limit of emission actually measured at 30 GHz is used, the safety margins are even greater.
The only case considered where the anticipated interference level exceeds the thresholds of ITU-R RA.769 would be for spectral line observations at 4 GHz.  If the ALMA site were ever to be used to host a cm-wave observatory, then extra suppression and screening of the AOS technical building might be required.  This is a policy decision for ALMA.  

Provided that the correlator measurements are not too unrepresentative of the final correlator, and that other electronics are not significantly worse than the correlator, then from the point of view purely of ALMA, it may be hard to justify significant expenditure on extra screening within the AOS building. 

Important Caveats:
All these calculations have been based on the measurements on the 2-antenna prototype correlator.  Those measurements have been extrapolated to a correlator supporting 64 antennas.  The measurements themselves are quite difficult, and some assumptions have to be made in interpreting the results.
There are many other components that might cause interference which have not yet been measured.  These include the Digital Transmission System (DTS) optical receiver cards with their 10 GHz clocks, and the Tunable Filter Bank cards. There is an urgent need for RFI measurements on a working DTS receiver.  Interference from electronics at the antennas themselves (e.g. the A/D converters) may be important but is outside the scope of this document.
The additional shielding expected from electronics racks, and from the structure of the AOS technical building itself, has not been considered here.  Nevertheless, the “provided that …” conditions are extremely important and should be examined carefully before adopting the conclusion that the AOS TB requires no extra screening.
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10 September 2003

To:

Ray Escoffier, Dick Sramek, Larry D’Addario, Simon Radford

From:

John Webber and Gerry Petencin


Subject:
Correlator RFI

We have performed some measurements on the 2-antenna prototype correlator over 4-12 and around 30 GHz in the lab at the CDL.  Room-temperature LNAs and feed horns of known characteristics pointed at the correlator were used.  An ALMA memo will be written, but this preliminary analysis may be of interest.  At least a rough order-of-magnitude analysis is now possible, although some assumptions are still required (and some may disagree with our assumptions).

The 2-antenna prototype correlator has 8 correlator boards, each 1/8 populated.  The 64-antenna correlator will have 512 fully populated boards.  The fiber optic receiver cards were not installed in the prototype correlator, so their contribution to RFI is currently unknown.

Over 4-8 GHz, the harmonics of the 125 MHz clock are visible at a level of about 23 dB above the noise with a resolution bandwidth of 10 kHz.  This decreases rapidly above about 9 GHz, with the 97th harmonic of 125 MHz at 12.125 GHz visible at a level of 2.5 dB above the noise.  Around 30 GHz, no harmonics were detected with a resolution bandwidth of 1 kHz.

Analysis for the 4-12 GHz IF band

The receiver temperature in all cases is dominated by the ambient background and is assumed to be 400K in all cases.  In a 10 kHz bandwidth, the noise is therefore -132.6 dBm.  In each case, the horn (operating in a near-field mode) intercepts perhaps 10% of the radiation.

At 4 GHz, each harmonic is therefore observed at an isotropic level of about

-133 (background) +23 (above noise) +10 (solid angle) = -100 dBm.

There are about 32 harmonics at this level, for a total of -85 dBm.

Adding 27 dB for the 64-antenna full correlator yields an estimate of


Single harmonic:
-73 dBm


Total:


-58 dBm

In order to estimate the possible impact on the nearest antenna’s IF system, assume:

Distance of 300 m from correlator

Effective cross-section the size of the receiver cabin, about 2 x 2 m


(the above two parameters give space loss of -55 dB)

Architectural shielding of -40 dB

Then the worst harmonic in the receiver cabin is -168 dBm, which is negligible because the IF signal from the SIS mixer will be amplified before leaving the dewar, which is itself an excellent shield, providing that incoming wiring is properly filtered as planned.

Analysis for Band 1

There was no detection of any harmonic near 30 GHz with a 1 kHz bandwidth.  This implies a radiation level less than -142 dBm from the prototype correlator, or <-115 dBm from the 64-antenna correlator.

The relevant injection mechanism is probably scattering off the subreflector.  Assume an effective cross-section equal to the 0.75-m diameter of the subreflector at 300 m, giving effective space attenuation of -63 dB.  Assume the building architectural shielding gives only -20 dB attenuation at this frequency.  Then each harmonic is less than -198 dBm into the Band 1 receiver.

If the system temperature of the Band 1 receiver is 20K, then in a 1 kHz bandwidth the noise power will be -156 dBm, or 44 dB above the worst possible contribution.  The correlator harmonic power (upper limit) could equal the receiver power with a bandwidth of 0.04 Hz.

In a 2 GHz bandwidth (16 harmonics of 125 MHz), the total power contribution to the system power for Band 1 could be as high as -186 dBm, but the receiver power at its input over this band will be -93 dBm, so there will be no effect on linearity or calibration.
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