
On Monday, May 02, 2016, Carla Beaudet performed RFI tests on the Prime Focus 
Phased Array Feed backend, housed in a RFI chassis built by NRAO, the assembly 
henceforth referred to as the EUT, (Equipment Under Test).  The EUT consists of the 
following equipment: 
 
Power supplies: 

• -15v, 1.5 amp linear, Bel Power HB15-1.5-AG 
• 5v, 3 amp linear, Bel Power HB5-3/OVP-AG 
• 15v, 3 amp linear, Acopian A15MT300 
• 3.3v, 32 amp linear, Acopian A3.3H3200 
• 3.3v, 22 amp linear, Acopian A3.3H2200 
• 5v, 22 amp linear, Acopian A5H2200 

Digital section: 
• Fiber to copper converter is TrendNet TFC-110S15 
• 155.52Mhz VCO is Luff research PLOX155.52-10 
• The digital downconverters are Matt Morgan designed.  Details at 
https://safe.nrao.edu/wiki/bin/view/Main/DigitalDownConverter 
• Netburner core module MOD-5282 version 200 is used for control/monitor 

Enclosure notes: 
• Waveguide beyond cutoff tubes are used for sm fiber in/out 
• AC filters are Spectrum Control SCI-3323-000 
• Low voltage DC filters are Spectrum Control SCI-1270-016 
• RFI gasket is Tech Etch 2421-1011-0114-84 
• Honeycomb air vents are Tech Etch 8301-3200-0606 

 
The EUT was tested as configured upon receipt, with most of the filtered connectors 
cabled, and the (45) RF ports all 50Ω terminated. The EUT is intended for installation at 
the GBT prime focus, at a distance of 1m from the focal point GBT, which will be used 
as the reference distance for the purposes of this evaluation.  
 
For testing purposes, the EUT was simply powered on. In this mode, the A-D converters 
were running, the Netburner card was active, all the fans and power supplies were 
running as well. If there were RF signals at the inputs (which there were not) they would 
have been digitized and sent over the fiber outputs.  The EUT was tested in the anechoic 
chamber at a distance of 7m from the receive antenna over the range 20 MHz to 1 GHz 
using the EM-6950 log periodic antenna.  Between 20 MHz and 1 GHz, no emissions 
whatsoever were seen from the EUT.  The EUT was re-oriented several times in an 
attempt to find emissions. Then the two covers were removed, and a scan made of the 
open box emissions. Calibrated measurements were performed on worst-case signals 
from the wideband spectral plot of this open box test using a span of 10 MHz and a long 
(100 sweep) average. The resolution bandwidth used for all measurements was 10 kHz. 
Spectral plots of the emissions follow summaries of the calibrated worst-case 
measurements:  

 
 

 



Frequency (MHz)

Long Average 
Measurement 
(dBm)

Power Density 
@ GBT 
Reference Point 
(dBW/m2/Hz)

ITU-R RA.769 
Continuum Limit 
(dBW/m2/Hz)

Emission 
Exceeds 
Continuum Limit 
by (dB)

ITU-R RA.769 
Line Limit 
(dBW/m2/Hz)

Emission 
Exceeds Line 
Limit by (dB)

Emission 
Exceeds FCC 
Class B Limit4 by 
(dBm, EIRP)

199.02 -40.41 -141.09 -258.73 117.64 -244.59 103.50 NA
265.38 -34.18 -133.42 -258.34 124.93 -244.28 110.86 -3.19
328.05 -41.49 -139.63 -257.90 118.27 -244.00 104.37 -9.40
331.73 -40.60 -138.47 -257.77 119.29 -243.98 105.50 -8.25
457.07 -44.66 -138.76 -254.52 115.76 -243.40 104.64 -8.53
460.75 -41.14 -135.05 -254.48 119.43 -243.39 108.34 -4.82
468.14 -45.65 -139.71 -254.41 114.70 -243.35 103.64 -9.48

Worst Case Emissions Summary

 
 

Figure 1: Worst-Case Emissions 
*FCC Class B compliance not estimated4 below 200 MHz due to lack of antenna calibration and chamber reflectivity 

 
 

 

 
 

Figure 2: 20 MHz – 1 GHz 
 



 
Figure 3: EUT Photo 

 

 
Figure 4: EUT Photo 



 
Figure 5: EUT Photo Box Open, A/D Side 

 

 
Figure 6: EUT Photo Power Supply Side 



 
 
 
 
 
 
 
In Zone 1, any and all installed electrical equipment is subject to testing and compliance 
with the limits and methodology set forth in J. R. Fisher’s 1997 paper titled “RFI 
Radiation Limits in The Vicinity of GBT”.  These limits are consistent with the ITU-R 
RA.769 limits, which are used worldwide as a basis for protecting Radio Astronomy 
instruments from harmful RFI. As no emissions could be seen in the chamber setup, the 
EUT is recommended for installation in Zone 1, but it is important to realize the 
following limitations of the chamber setup:  
 
The chart below illustrates the practical limitations of our RFI measurement setup when 
evaluating equipment intended for installation so close to the reference point. Roughly 
speaking, for an 1m reference distance, there is a  >70dB sensitivity gap between 
chamber sensitivity and the ITU-R RA.769 continuum limit. If we allow 40dB for the 
shielding of the receiver room, it still leaves us ~30dB from where we would like to be 
able to measure. 
 

 
 

Figure 3: Limitations of Chamber Setup 
 

 
 



 
 
 
 
Note #1: No allowance was made for shielding from incidental structure. 
 
Note #2: RFI limits to radio astronomy are found J. R. Fisher's report “RFI Radiation 
Limits in the Vicinity of the GBT” dated May 9, 1997. 
 
Note #3: Methods & calculations used for RFI tests are established by J. R. Fisher's 
report of August 1994, "Evaluation of Electrical Device Interference Potential to Radio 
Astronomy Observations." 
 
Note #4: FCC Class B compliance is estimated, not assessed, since we do not use the 
requisite quasi-peak detector in our measurements, we do not use a turntable, and we 
have a somewhat reflective chamber at frequencies below 2 GHz, and use an antenna for 
which calibration is extrapolated at frequencies below 200 MHz.  

 


