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INTRODUCTION 

At NRAO in New Mexico, in 2002 I developed carbon filled foam lining which inexpensively 

absorbed radio frequency energy (0.07 to 100 GHz) and effectively increased RF equipment rack 

shielding.   My early research into this carbon loaded foam was first used by NRAO in the 

EVLA project to allow placement of noisy samplers in highly shielded boxes next to cryogenic 

low noise amplifiers. Later this idea was applied by the Equipto Corporation for use in the I.F. 

back end racks of the ALMA project and, successfully employed in their R6 relay rack product.  

As a result the Equipto  R6 relay rack shielding exceeds NSA standards where the magnetic 

shielding (trace on left) is 100dB to 20 MHz, and electric plane wave shielding (trace on right) is 

in excess of 150 dB around 400 MHz as seen in figure 1.   

 

Figure 1.  From The R6 Equipto Brochure, Showing Shielding 
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I imagined that there was a method of improving on this and to apply this to shielded RF 

chambers. Therefore this concept was then applied to the Digi Int. chamber design shown in 

figure 2. 

 

 

Figure 2. Digi Multi Layered Isolation Chamber. 

 

At Digi Int., in Minnesota carbon filled foam was used to enhance our aluminum foil RFI 

chamber shielding from only -30 dB to -50 dB thru the chamber walls using a single layer 

laminate of carbon foam with aluminum foil.  Later using an onion skin construction method we 

increased shielding isolation to >70 dB for two laminate layers, at less than %10 of the usual 

chamber cost.   The RFI chamber is an inexpensive compromise somewhere between a fully 

anechoic RF chamber and a partially anechoic RF chamber.  It gets improved RF isolation from 

the outside RF environment by having an onion skin layering of aluminum foil and carbon 

loaded foam. As seen in figure 3 the carbon foam is 102a&b. The double sided foil is 104a &b.    

Each foil layer can provide ~20 to 40 dB of isolation depending on the quality of the capacitive 

foil panel joints which are made of aluminum duct tape.  In our RFI chamber we also chose to 

attach the 4’x6’ aluminum foil sheets using small postage stamp sized squares of 3M copper tape 

which has conductive adhesive. This allowed us to have good isolation for each foil layer down 

to ~130 MHz.    Each additional carbon loaded foam layer can add 15-30 dB of extra RF 

isolation depending on the thickness and carbon density of the foam.   So in the event that the 

surrounding RF environment degrades more layers can be added until the offending RFI drops 

below the back ground noise level for the most sensitive RF systems being tested.  
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Figure 3. Onion Skin Absorber & Foil Layering; From The Digi Int. Patent. 

 

Using this onion skin method with three or more laminate layers it should be possible to achieve 

shielding far in excess of other expensive RF chamber construction methods.  A patented method 

for doing this is part of the discussion in the ITC lecture. To venture beyond the shielding limits 

experienced by relay rack and shielded chamber manufacturers, penetrations like the door, air 

vents, fiber optics, coaxial bulk heads, and lighting would first need to be improved.  Most of 

these would involve areas of carbon coated conductive cutoff waveguides in an array. 

The foam used was selected from a choice of three known foam types. There is room for further 

experimentation if manufacturers find economic interest in optimizing such a product.  The 

conductive 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 is the case with metal 

shielded chambers and thus is expected to remain useful for years.  This foam does not shed or 

crumble like other microwave absorber foam which have been tolerated for decades in such 

applications.  All things considered, this is a very inexpensive way for manufacturers to improve 

RF shielding over a very broad spectrum.  Here is an opportunity for a competitive advantage for 

a manufacturer of RF shielded chambers that should not be missed. 
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RFI & EMP CHAMBER USE 

 Due to the ultra light weight construction of this method, it should be possible to construct 

military quality EMP proof cabins for tactical aircraft and the like.   Thus EMP sensitive 

equipment can be protected where previously weight requirements may have not allowed that 

possibility.  Conversely RFI noise from say a high speed computer or software radio can be 

prevented from jamming sensitive on board GPS & other satellite receivers by using this kind of 

light weight shielded enclosure. To further increase RF isolation, slabs of the carbon loaded foam 

can also be suspended away from the metal foil walls for greatest absorption in the maximum RF 

electric field.  Such foam structures might also be used to convey cooling air to hot components.  

There is room for more research into just how thin, and light one can make the total onion skin 

laminate layers.  

 

RFI PRE-SCAN CHAMBER USE 

The idea of the RFI chamber was to get a reasonably accurate measurement of RFI emissions 

levels from any DUT (device under test).  To characterize this we need to capture the transfer 

function (S21) of our RFI chamber system.  Then we apply it to correct a spectral capture which 

will hopefully yield the same RFI emissions levels from a DUT as measured at a professionally 

calibrated RFI measurement chamber like 7Layers, in California.  I used a network analyzer and, 

two test antennas in a tracking generator arrangement.  By using the network analyzers S21 

calibration to normalize the transfer function and create a reference RFI chamber loss S21, any 

change in DUT distance or radiation pattern becomes easy to see.  It is best to have two identical 

antennas of low VSWR which would provide a low S21 loss due to antenna mismatch error 

component.  However this can be inferred from a measurement of S11 for each antenna, then for 

every point in frequency the losses due to antennae mismatch loss must be merged into the 

normalized transfer function.  The great thing about using the network analyzers calibration is 

that all system components are included in the correction.  Some of these losses must be 

removed such as the DUT positioned antenna and the coaxial line that connects it to the network 

analyzer.  But they can be separately measured and subtracted.  There will be some physical 

movement of the DUT positioned antennas phase center of radiation that will need to be 

removed from the resultant S21 error transfer function.  It should be possible to take RFI levels 

from other calibrated RFI laboratories and slowly build up a correction table to remove these 

differences.  I reduced many of these stray error sources using extra absorber applied to the areas 

of greatest reflection.   I used the normalized tracking generator and the two antennas to see 

changes in wall reflections after obstructing the direct RF path with absorber.  I then looked for 

the largest change in error as I moved large panels of absorber to obscure wall reflections.  It was 

obvious which locations had the greatest S21 error difference. 
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We used metal conduits metal taped on to the foil floor to shield all of our cables including 

coaxial cables.  These are then covered by the carbon foam to prevent RF currents from traveling 

down the outer walls of coax cables.  Inside the chamber all metal surfaces are covered by slabs 

of fitted carbon foam for moderately low RF reflection.   We also have a spherically rotatable 

DUT platform mostly made of plastic which is then covered by carbon foam to moderate RF 

reflection from its surfaces. 

To save costs, we measured the site RFI levels and applied the number of layers that would be 

useful for testing the sensitivity of the products we expect to test inside the RFI chamber.   This 

chamber was intentionally developed starting at the minimum cost for the room construction to 

meet minimum testing requirements.  Hence it was important to start out being close to those 

minimum requirements and then add the minimum required layers of foil and RF absorber as is 

possible.  The first approximation for the amount of RF absorber and aluminum foil shielding 

was based on past experience.   

The first RF chamber configuration had an unacceptable (S21) transfer function amplitude error 

of ~9 dB pp below 1.5 GHz after calibration. This was due to the fact that areas of largest 

reflection were only covered by less than one tenth of a wavelength of 1.5” absorber thickness.   

Below about 500 MHz this arrangement was impossible to calibrate and was unusable.  Extra RF 

absorber was applied to the wall areas of greatest reflections.  These critical areas were the wall 

behind the sense antenna and the wall behind the DUT.  The next worse reflective area inside the 

RFI chamber was the secular reflection ring located on carbon absorber surfaces halfway 

between the sense antenna and the DUT.  This was on the roof, floor, and walls.  

 

Figure 4: S21 dB Error vs Frequency In Hz After Calibration Then Missaligning DUT 1” 
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 After extra absorber was applied in these reflective areas, the result was that the RF chambers 

2nd configuration had an acceptable amplitude error of <1.5 dB pp down to 137 MHz after 

calibration. This means that now we can use the RFI chamber to save the costs of almost every 

RFI certification pre-scan.  With our own RFI chamber, Digi can expect to save ~$10-$20K for 

each product pre-scan avoided.  

For many satellite receiver systems connected to an efficient antenna that  have a noise figure of 

less than 1 dB (which is 75 Kelvin noise temperature)this RF chamber will not be suitable for 

sensitivity measurements.  This is due to the 300 Kelvin physical temperature of the carbon foam 

inside the RF chamber which radiates black body microwave energy.   That is true unless the 

sensitive receiver is to be used with an antenna with say -6 to -10 dB loss.  The 300 Kelvin 

carbon foam will limit the receiver system noise temperature tests to 75-30 Kelvin (which would 

still be below the receiver LNAs 1 dB noise floor).  

The 137 MHz Rx and 150 MHz Tx OrbComm RF sections can be developed using this RFI 

chamber with about 2 dB accuracy,  however such long wavelengths will ultimately need to be 

tested outdoors in a minimal RF reflective environment.  This RF chamber was calibrated up to 

~8 GHz and the amplitude accuracy improves to <<1 dB pp as frequency goes above 1.5 GHz,  

however, the propagation loss goes up with frequency and it will be difficult to see RFI at these 

higher frequencies unless we use LNAs with (NF<~1dB) for the bands of interest.   Most of our 

products operate below 2.5 GHz and the 3rd harmonic RFI can be easily measured with a 

calibration to 8 GHz.   Special care will need to be taken if working with the 3
rd

 harmonic of 5.5 

GHz products.  In this case a YIG pre-selector or some form of narrow band pass filter will be 

useful, followed by setting the spectrum analyzer or network analyzer  to its narrowest IF 

bandwidth. 

This RF chamber has a rotational platform which is designed to place the virtual-center of 

rotation 6” above the plastic DUT platform. This allows us to place the DUT on a 6” thick 

Styrofoam block, thus the DUT can be centered then rotated and studied to locate RFI angles of 

radiation.  After effecting RFI mitigation product changes, the same product placement will 

allow the RFI difference to be seen.  This is achieved with the aid of a calibration function 

recorded from a tracking generator and applied to the captured data from a spectrum analyzer. In 

order to use this calibration function with spherical rotation, the 3D calibration function must be 

taken for each angular rotational step on a sphere used in any RFI study.  The number of 

calibration functions is doubled when one includes polarization rotation of the sense antenna.  It 

was demonstrated that by installing a crude mode stirrer in the RFI chamber was able to improve 

amplitude accuracy to less than 0.5 dB.  It might be possible improve this accuracy further with 

more effort. 
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Figure 5: RF chamber S21 dB magnitude transfer function vs frequency Hz 

 

 

ANTENNA MEASUREMENTS  

This RF chamber has a rotational platform which is designed to place a small antennas phase 

center at the platforms virtual center of rotation.  The antenna can be rotated and studied without 

any amplitude offset error to provide an accurate 3D antenna radiation pattern.  This is achieved 

with the aid of a 3D calibration function (S21 ref.) recorded from a tracking generator (network 

analyzer) and applied to the captured data (delta S21) from a network analyzer.  This needs to be 

automated due to the large number of angles required to make up a 3D antenna radiation pattern.   

The number of calibration functions required is doubled when one includes 90 degree 

polarization rotation of the sense antenna.  For this purpose, we have a 1-12 GHz dual polarized 

Vivaldi horn antenna with a coaxial switch.  With this ability to measure antenna patterns over a 

sphere, comes the ability to integrate the total radiated power, thus we can obtain antenna 

efficiency numbers.  These measurements are very useful for cellular product certifications 

pretests. 
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There is an excellent method of amplitude error correction useful with this chamber in making 

accurate antenna radiation pattern plots for small antennas of gain <~10dB.  The antenna under 

test must be measured in its’ far field and still be within the chamber dimensions.  This signal 

processing hardware has no mechanical moving parts and gives repeatable error corrected 

results.  I used this method at a previous antenna pattern measurement site in New Mexico.  It 

employs an RF propagation range gate along with the network analyzer to reduce multipath.  The 

most critical part of this equipment setup is a high speed RF switch which must turn off fast 

enough to block the reflected multipath signals. It has been observed that in a reverb chamber the 

measurement pulse will echo around for more than 100 microseconds, so having the absorber on 

the walls helps to quickly reduce multi-bounce RF.  It would be more difficult to measure 

antenna patterns without this absorber.  In these ways wall reflections are eliminated from the 

antenna radiation pattern.  This method is more difficult but will provide the best error cancelling 

result even with our RF chambers moderate wall reflections.  

 

CONCLUSION 

This work demonstrates that one can construct a light weight shielded anechoic chamber for RF 

development work at about %10 the cost of traditional chambers. By increasing the number of 

layers the RF shielding isolation from the outside environment has the potential to be far in 

excess of traditional chambers.  This light weight construction will make it possible to apply 

such shielded chambers in areas like high rise buildings, and aviation.  This means that there are 

new options in the fields of intelligence, computer security, and electromagnetic pulse protection 

of tactical electronic equipment. This chamber is not fully anechoic, however at much lower cost 

it can be fitted with extra absorber only in small critical areas and will give a useable facility for 

measuring antenna radiation patterns, especially if range gated hardware is used for these 

measurements. 
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