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ABSTRACT 
 
The ALMA Project is developing a 66 antenna radio astronomy array on a 5000 meter mountain 
in Chile.  Radio astronomy depends on a radio frequency quiet area.  The remote mountain top is 
ideal for such a radio astronomy array.  However, RFI from equipment inside one type of 
antenna had a path loss of 13 dB to its feed area, when measured at 100 GHz.  Carbon filled 
foam is being used to enhance shielding to reduce the negative effect of local radio frequency 
interference (RFI).  This foam has been measured and verified to be effective from 1 to 100 
GHz. 
 
 

ALMA PROJECT AND NRAO 
 
ALMA (Atacama Large Millimeter/submillimeter Array) is an international astronomy facility 
being developed and fabricated among partners from Europe, Japan, and North America in 
cooperation with the Republic of Chile.  A 66 antenna array is being installed in northern Chile 
at 5000 meter altitude.  Some 54 antennas will be 12 meters in diameter, and 12 antennas will be 
7 meters in diameter.  In the most densely packed phased array formation, antennae are as close 
as 25 meters and will need to be shielded from RFI radiation from adjacent antenna electronics. 
 
In North America ALMA is being led by the National Radio Astronomy Observatory (NRAO), 
which is managed by Associated Universities, Inc. (AUI).  The test site is the ALMA Test 
Facility (ATF) located at the Very Large Array (VLA) site on the plains of St. Augustine, New 
Mexico.  At this site we have constructed a metal reverberation chamber where our shielding 
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measurements are made to an accuracy of 4 dB.  Shielding down to 130 dB can be measured 
using this facility [1].  A portion of the North American effort is called “Backend Electronics 
(BEND)” and the BEND is located at NRAO Array Operation Center in Socorro, New Mexico.  
 
 

THE BEND SYSTEM 
 
The BEND consists of analog and digital electronics electronically located just below the 
cryogenically cooled Front End.  There are two BEND shielded racks within the antenna cabin of 
each of the antennas in the array.  These racks are fastened to the antenna cabin floor and move 
in azimuth and elevation with the antenna.  One of these racks is the analog rack, which contains   
two tunable Intermediate Frequency Processors at 4-12 GHz, four 2nd Local Oscillators at 8-14 
GHz, a Local Oscillator Laser fiber optic Reference Receiver, one First Local Oscillator Off-set 
Generator, and one multi-output Power Supply.   
 
The other rack is the digital rack, which contains a Digital Clock, four Digital Transmission 
System modules, a diskless computer, an Ethernet Switch, an Ethernet Controlled Power Switch, 
an optical multiplexer, and one Power Supply.  
 
To keep undesired analog and digital RFI signals within the racks from contaminating the 
antenna’s front end (or the front ends of other nearby antennas), the BEND employs high level 
shielded racks.  Where greater shielding is required, the modules housed by the rack are also 
shielded using the same carbon absorber foam. Each of these layers of shielding is added to give 
a very impressive total shielding. 
 
 

ENVIRONMENT 
 
By its very nature, radio astronomy work requires a radio frequency quiet environment.  The 
radio frequency noise emanating from stars is many orders of magnitude weaker than locally 
generated RFI.  ALMA is ideally located at a 5000 meter altitude to reduce atmospheric 
absorption. It is also on a remote Chilean mountain, with no RFI from nearby towns.  This 
location means no cell phones, microwave ovens, etc.  While the physical environment is ideal, 
the project is sensitive to in-band interference from itself.  Let us put the received cosmic signal 
level (<-200 dBW/Hz) and undesired RFI noise (<-90 dBW/Hz) in perspective. In fact the 
antenna front end is cooled to about 4 Kelvin and detects cosmic signals much weaker than that 
radiated from say a bird that might land on the feed horn. This noise level will saturate the 
receiver, so internal RFI will need to be shielded tens of dB below that kind of level. That makes 
the need for RFI shielding one of the most extreme cases in our technology. 
 
 

BEND EQUIPMENT RACKS 
 
The BEND analog rack contains RFI signals originating from 1 Ghz to about 14 Ghz. The 
harmonics of some of this electronics is strong enough to cause harmful interference above 240 
GHz. The Digital rack contains a high speed analog-to-digital converter running at 4Giga 
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samples/second.  To prevent RFI which radiate from both these racks finding a path into any 
receiver front ends, the BEND group utilizes shielded racks.  An NRAO contract (see [4]) 
resulted in custom Equipto Model 990-4585-0920 Rev 2 high level shielded racks.  These racks 
typically exhibit better than 80 dB shielding level at 10 GHz without the use of any foam.  
 
 

CARBON FILLED FOAM 
 
During the BEND design process, it was discovered that particular carbon-filled foam would 
absorb radio frequency energy and effectively increase the shielding level of the BEND racks.  
When this foam is placed inside a shielded enclosure of at least 35 db, it can improve shielding 
by 10 to 30 dB depending on its placement and the quantity used.  When the foam was placed on 
flat surfaces inside our rack it increased shielding by as much as 15 dB for some frequencies.  If 
more inside space was foam filled, Equipto rack shielding of 110 dB could be possible. Space 
limitations made a 15dB shielding improvement practical.  
 
Deployment of the foam took place in the form of installation of LD32CN Zotefoam on the 
inside of both rack doors and on the interior sides of the rack. The conductive cross-linked 
polyethylene foam is economical, should give years of service, and is fire retardant. This extra 
shielding from the foam does not rely on clean electrical contact as with metal shielding and thus 
is expected to remain useful for years. This foam does not shed or crumble like other microwave 
absorber foam products tested for this application.  The same foam has good prospects of making 
a well shielded rack and enclosures at higher frequencies (100 GHz) where shielding is more 
difficult to obtain.  LD32CN carbon foam was used effectively at 100 GHz for shielding 
enhancements on the 12 meter antenna, holographic surface adjustment [7].  The graph in Figure 
1 shows the 100 GHz reflected energy, (S11) after absorption by the LD32CN foam selected.  
The photo in Figure 2 shows the measurement setup. The original setup was similar for 1-50 
GHz where transmitted energy (S21) was also used to make the foam type selection. 
 

 
 

Figure 1 
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Figure 2 
 
 

SHIELDING TEST DATA 
 
Initial shielding measurements were done in the uncertified NRAO metal reverberation chamber 
then verified at another test facility.  During the early part of the Equipto contract, NRAO had 
Equipto and their test lab, Radiometrics, shield test a given rack with and without foam in the 
interior of the rack.  The test data in the tables below is taken from a Radiometrics Test Report 
(see [5]).  The darker line (blue) is shielding level with Zotefoam.  The lighter color (pink) is 
shielding level without Zotefoam.  Figures 3 to 8 exhibit the various shielding levels for different 
orientations of the rack.  The Radiometrics test setup is shown in Figure 9. 
 
 

INCREASED SHIELDING LEVEL DUE TO FOAM 
 

The test data show that the foam typically enhances the shielding level of the rack by about 10 to 
15 dB from about 1 to 8 GHz.  This varies somewhat depending on orientation of the source and 
receive antenna as the rack is repositioned.  As a result multiple data runs must be made and 
summed using the max peak value. This is backward traceable to a calibrated, stepped RF 
generator.  For other various modules fitted with LD32 foam, shielding improvements of 25-30 
dB were seen.  Some modules had no provision for foam inserts.  However, this option is held in 
reserve if - after final shielding tests - better shielding is required.  
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ECONOMIC SHIELDING INCREASE 
 

Cost to procure and install the Zotefoam is about US$945 per rack.  This includes some labor to 
install the Zotefoam.  In other work, 8 foot by 4 foot sheets of 1.5 inch thickness were also 
bought for US$45 per sheet. The prices of other e-field RF absorber foam products were five or 
ten times higher.  Radio frequency absorbers which work by H-field coupling should be placed 
close to conductive walls. They only absorb a narrow spectrum and are extremely expensive. 
 
 

CONCLUSIONS 
 
For less than US$1000 per rack, NRAO has increased shielding levels at least 10 to 15 dB.  
Inside these racks are modules (other layers of RFI shielding), some of which are enhanced with 
carbon foam.  NRAO has estimated it would be far more costly to obtain this same level of 
increased shielding by other electro-mechanical means.  The placement of these carbon foam 
slabs was not ideal but is an engineering compromise.  This kind of RF absorption works best if 
placed away from conductive walls where RF E-fields are at maximum.  One ideal placement of 
the foam was as an air duct, which placed it away from conductive walls.  
 
The final shielding budget test is a total system test where the actual ALMA radio telescope will 
be used to look for its own RFI leakage and radiation. This will be far more sensitive than any 
other test facility available to us. The central computer building will also need to be tested 
because costly recommendations for RF shielding were rejected, and the brick walls will only 
yield ~15 dB of shielding.   
This is the same approach used to upgrade and RFI test the EVLA [6]. This test will start with 
the doors to many layers of shielding open to deliberately radiate RFI so that the strongest 
emissions can be identified. With this spectral mask in place the doors are closed and the 
telescope is set to its most sensitive configuration. The number of dB any RFI is above the noise 
indicates how many dB further shielding is required. The extra shielding layers held in reserve 
can then be applied as needed.  In this way, one obtains the exact required shielding at the lowest 
cost. 
 
The absorption of the foam used was selected from a choice of three known foam types. There is 
room for further experimentation if the manufacturer finds economic interest in optimizing such 
a product. In fact, the adhesive used to attach the carbon foam sheets to metal walls could be 
made to include H-field RF absorbers for a far superior result.  All things considered, this is a 
very inexpensive way for rack manufacturers to improve their product over a very broad 
spectrum. 
 
 

ALMA PROJECT 
 
Further details about ALMA and the project challenges are available in [3].   Also see 
www.alma.nrao.edu for additional details. 
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Figure 3  
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Figure 4 
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Figure 5 
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Figure 9 
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