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Overview 

Filtering Performance (IR) 

Low Frequency Performance Composite Filter Construction 
 
 
 
Infrared blocking filters are crucial for controlling the 
radiative loading on cryogenic systems and optimizing the 
sensitivity of bolometric detectors in the far-IR. We present 
a new approach to filters based on a combination of 
metallic frequency selective structures and a thin (<100 
microns thick) absorptive composite based on powdered 
Reststrahlen materials. This combination reflects >90% of 
the incoming light, reducing loading, and absorbs > 99% of 
the remaining light from a 300K blackbody. This allows for 
a reduction in the IR loading to negligible levels in a single 
cold filter. These filters are fabricated on silicon substrates 
which provide excellent thermal transport laterally through 
the filter and ensure that the entire area of the absorptive 
filter stays near the bath temperature. A metamaterial 
antireflection coating cut into these substrates reduces in 
band reflections to below 1%, and the in band absorption 
of the absorptive powder mix is negligible. This new filter 
minimizes the loading on the cryogenic stage, and limits in 
band re-radiation to negligible levels.  In the future these 
filters could be integrated into silicon lenses to provide 
excellent filtering at a negligible cost increase. 
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Composite Reflective/Absorptive IR -Blocking Filters on Metamaterial Anti -
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Left: An ACTPol ólens tubeô consisting of three lenses and filters. 
Right: The distribution of angles of incidence for this optical system 
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Reststrahlen Materials 

A stack of reflective and absorptive 
components, applied to Silicon substrates, 
offers a straightforward approach to the 
fabrication of an integrated infrared blocking 
filter. AR coated silicon forms the front and 
back surfaces of the filter stack. The 
metamaterial AR ñcoatingò allows for 
maximizing the transmission in-band, and 
the uninterrupted silicon layer underneath 
offers a low-loss and high thermal 
conductivity, dissipating the power 
deposited in the absorptive layer without 
causing significant localized heating.  
 
The reflective components are formed 
through standard photolithography on 
Silicon wafers (offering the capability to go 
to 12ò diameters or larger with commercially 
available technology), and can be scaled to 
adjust the cutoff frequency as needed. The 
absorptive layer or layers are formed by 
mixing powdered Reststrahlen crystals (in 
this case, a mixture of Magnesium Oxide 
and Calcium Carbonate, chosen to minimize 
transmission in the IR while remaining non-
toxic and easily obtainable) with optical 
epoxy and spraying it on  the silicon 
substrate with an automated spraying 
system.  

Above: Measured low frequency performance, best-fit transmission line 
model, and estimated loss and transmission from transmission line 
model including a realistic silicon AR coating. The AR coating 
transmission band is marked in light blue. 

The frequency response of a layer of the absorptive mixture 
was measured with a Fourier Transform Spectrometer to 
below 10 icm (300 GHz) and fit with a transmission line 
model. This model assumed the mixture behaved like an 
effective medium with an index computed via the Maxwell-
Garnett effective medium approximation [4]. The resulting 
predicted silicon and absorptive coating thickness agreed 
well with the measured data, and the transmission line 
model allowed for extrapolation of the performance to 
frequencies below 300 GHz. 

AR Coated Silicon 
 
 
The performance of several filter samples was 
measured using a Bruker IFS 125 FT-IR 
spectrometer. ~75um thick absorptive layers were 
applied to 1ò diameter high-resistivity Silicon wafers, 
and the transmission of these samples was 
measured. The Reststrahlen materials exhibited the 
characteristic absorption features present in 
previously characterized powder filters [2] and the 
frequency selective surfaces demonstrated good 
agreement with modeling of the frequency response 
done in electrodynamics codes (i.e. HFSS). Following 
this proof of principle, a composite filter was 
constructed from two reflective frequency selective 
surfaces, joined with a ~25um absorptive layer. The  
performance of both the thick and thin samples is 
presented at right, with the thick preliminary samples 
presented above and the thinner samples and 
composite filter measurement presented below. 
 
Integrated blocking tests show blocking of >98% 
(measurement limited) of a 300K blackbody, 
consistent with the FTS measurement of >99.8% 
using a 6ò diameter composite filter at 20K to block 
the power from a 7cm diameter aperture (open to 
300K) from falling on a carbon bolometer at 4K. This 
is consistent with predicted performance from FTS 
tests of smaller samples and  
demonstrates fabrication  
capability for these filters at large  
diameters. 
Thermometry on the cryogenic  
test setup confirms a thermal  
gradient of <1K across the filter. 

 
 
 
Reflection off the Silicon substrates is handled by creating 
multilayer simulated-dielectric antireflection coatings to 
match the filter stack to free space. These all-Silicon 
simulated dielectrics are created by machining sub-
wavelength features into the Silicon using a custom dicing 
saw. A thorough discussion of this AR coating approach is 
given in [1]. Silicon offers an excellent filter substrate for 
millimeter and sub-millimeter imaging due to its low 
dielectric loss (loss tangent below 1e-4) and high thermal 
conductivity (> 2kW/(m.K) between 10 and 100K) [3], as 
well as the ease with which it is lithographically patterned. 

Performance of 3-layer AR coated ACTPol lens, simulation 
(HFSS) and measurement 
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Above: Comparison of the warm (300K) and cold (4K) performance of  
an absorber sample containing a mix of CaC)3 and MgO. This shows 
minimal degradation of  the absorption band with cooling. 

 
 
 
The Reststrahlen effect is an effect by which the 
propagation of electromagnetic radiation through a 
material is prevented in a range of frequencies due to the 
change in refractive index in conjunction with the 
absorption band of the material. There are a broad 
assortment of Reststrahlen materials with absorption 
bands in the infrared, making them promising materials for 
blocking IR power. 

Cold Performance 

Epoxy and Reststrahlen Powder Mix 

The frequency response of a layer of the absorptive mixture 
was measured at 300K and at 4K with an FTS to confirm 
the behavior of the Reststrahlen materials when cold. This 
demonstrated minimal degradation of the absorption band. 
 
The heat transfer calculations for a 12ò diameter composite 
filter blocking a 300K blackbody (~32 W) by reflection 
(90%) and absorption (10%) predict a thermal gradient  
from the center to edge of the filter of less than 1K. This 
assumes power deposited in the middle of an 80um thick 
layer of material with the thermal conductivity of the epoxy 
being used (~0.2 W/m.K), yielding a gradient of <0.1K in 
the material. This layer is sandwiched between Si layers 
500um thick and held at constant temperature at the outer 
edge, yielding a total thermal gradient of <0.5K.  

Above: Transmission measurements of 75um thick layers of various 
Reststrahlen powders in optical epoxy and a frequency selective metal 
mesh. These measurements match the predicted absorption features 
from [2]  
Below: Transmission measurements of 25um thick layers of 
Reststrahlen powder mix, metal meshes, and composite filters.  
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Cold test setup 


