
MATERIALS UNDER INVESTIGATION Preliminary developed samples and X-ray experimental results 

ABSTRACT: Low density overcoatings (mainly containing Carbon) onto usual hi Z materials (like Ir, Au or Pt) have been proposed more than 10 years ago for enhancing the X-ray reflectivity at low 
energy (between 0.5 and 4 keV) in X-ray astronomical optics. The hack is to use the total reflection sed on materials from the low density material (which do not suffer much the photoelectric 
absorption) at low energy, while the photons at high energy are reflected by the high density material. Now for several future projects like e.g. ATHENA and eXTP it is foreseen the use of low density 
overcoatings that will importantly increase the effective area at low energy. In this poster we will discuss about the use of materials different from the ones considered so far, in particular based on a 
thin layer of Chromium followed by another layer of a Carbon-like material, and of novel approaches for their application. 
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Ø  Carbon-like Materials onto traditional high-Z materials like Au/Pt/Ir for boosting the soft X-ray 
reflectivity were firstly introduced by Pareschi and Cotroneo (2003) in order to maximize the 
effective area of the XEUS mission. Now are used in the design of many future X-ray missions, 
including ATHENA where a B4C layer of several nanometers is assumed onto the Iridium “bulk” 
coating. 

Ø  Carbon and B4C have the K edge at very low energy (< 0.3 keV) and, until it critical energy for 
reflection ad a given angle, a reflectivity close to 100 % due to the low photoelectric absorption; 
Beyond the critical energy of C or B4C, the high Z material (Au, Pt, Ir…) reflects the higher energies 

Ø  Other materials considered so far as overcoatings like e.g. Si or SiC are much less efficient, 
because the Si K-edge is at 1.8 keV 

Ø  ALTERNATIVE APPROACH: use of overcoatings based on bilayers: a) a few nm materials 
with K-edge High like Chromium (K-edge at about 6 keV) followed by è b) an abou 100 nm 
layer of low density C-like materials like e.g. a proper alcoholic material layer  

Reflectivity boosting of X-ray mirrors via traditional and alternative overcoatings 
New materials and methods to apply the carbon-like materials 

Carbon –like Materials for dip coatings: 
 While Chromium, tha can be deposited via sputtering - is a very performing material to enhance the reflectivity beyond 
2 keV up to 4 keV, at lower energy because of the presence of the L-absorption edges between 0.54 and 0.69 keV 
needs to be compensated by an additional layer of C-like material like e.g. Alkyl Thiols [HS(CH2)nX], … and families 
(Silans, Alkyl Solphurs..) ---- Note:  X represents the terminal group (e.g. -CH3, -OH, -COOH and others) 
 
These materials tend to settle a stable monolayer with a thickness typically of the order of nanometers on high density 
materials like Au, Pt, Ir, Cr.   
 In the figure the CHHH symbol 

represents new Carbon like material 
containing long CH2 and CH3 
radicals. Similar to C but with a lower 
density (1.0 versus 2.26 g/cm3) 
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Self-assembled monolayers (SAMs) can 
successfully address common interfacial 
problems. 

Hydrophilic / Hydrophobic 

Athena mirror:

678 mirror modules
100,000 mirror plates
300 m2 polished and coated area

2 MM / day
(assuming 8h /d, 180 d /y, all MMs in 2 years)

Modelling and simulation activities complement the hardware activities.  
  
The testing of the performance of the ATHENA optics requires new facilities, which have significant lead times and 
which represent substantial investments. The timely study and design of these facilities is mandatory for the smooth 
implementation of the ATHENA mission. Some of these facilities are required for the assembly of the mirror modules 
using synchrotron radiation, others are required to characterise mirror modules for acceptance testing, and to perform the 
verification and calibration of the complete ATHENA X-ray optics. 
 
In the TRAs, the TRL 5 and higher are assessed to a specific mission environment, ATHENA in our case, and therefore 
the system studies are tightly coupled to the technology developments. Although industrial capacities are formally not 
taken into account in the TRL, these are an additional important factor considered in the MAR, and requires adequate 
actions well in advance of the MAR. Equally important are the quality and product assurance aspects (PA/QA) for the 
flight production, which require due attention in the technology preparation. 
 
 

2. PROGRAMMATIC FACTORS 
 
The ATHENA mission requires the largest X-ray optics ever built. In order to provide the effective area required to 
achieve the demanding scientific goals (1.4 m2 at 1 keV), the ATHENA telescope optics needs to cover a circular area of 
about 2.5 m diameter. This mirror assembly consists of about 678 mirror modules, which have to be accurately co-
aligned on a stiff and stable optical bench. The whole mirror assembly is articulated, and the detector instrument in use is 
selected by tilting the mirror assembly. This is achieved with the implementation of a hexapod supporting the optics (see 
figure 3). 
 
As part of the MAR, the programmatic compliance of the mission with the boundary conditions is scrutinised. This 
includes the review of compliance to the cost and schedule constraints for the ATHENA optics implementation, which is 
equally imperative as the achievement of the angular resolution and effective area performance. 
 

 
 

Figure 3: ATHENA requires the largest X-ray optics ever made. The effective area has to be far larger than any preceding mission, 
without compromising the angular resolution. At the same time the mass and cost envelopes have to remain very comparable to 
those of the most powerful current missions, Chandra [50] and Newton [51]. With the introduction of the modular Silicon Pore 
Optics (SPO) technology these conflicting requirements can be met. In the flight production phase about 2 mirror modules have to 
be produced and integrated each day.  
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The C-like material can be deposited via 
a simple dip coating also on the pre 
assembled Silicon Pore Optics (SPO) 
forming the ATHENA X-ray optics module 

ATHENA Effective Area calculation with the overcoating approach 
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6 sector, 15 row baseline design
Athena X-ray optics unit cross section, 
based on 15 rows of SPO modules 

The new proposed overcoating based on Chroumium + C-like 
deposited onto iridium is very performing 

n 
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PRELIMINARY   FIT  
 
Here   some   preliminary   fit   done   after   the   first   days,   using   data   from   low   energy   continuum.  
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Comparison   between   different   samples  
 
Here   HE   data   are   shown   for   each   of   the   samples   compared   with   model.   S1   and   S2   look  
quite   similar.   Data   look   consistent.  
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Tw o s a m p l e s o f t h e n e w 
overcoating on Iridium were 
developed and X-ray measured at 
Panter/MPE and compared to a 
sample with just Iridium 

0.85° reflection angle 
(mid radius of the 
ATHENA optics) 

Blue and red: Cr + C-
like on Iridium 

Green: just Iridium  

0.3° reflection angle 
(innermost radius of the 
ATHENA optics 

Blue and red: Cr + C-
like on Iridium 

Green: just Iridium  

The samples with Cr+C-like overcoating show a much larger 
reflectivity than Iridium !!! 

Conclusions: A new overcoating has been proposed in order to increase the effective area 
othe ATHENA observatory in the soft X-ray region (0.5 – 4 keV). It is based on a thin layer of 
Chromium (a few nm) deposited by sputtering on the Iridium reflective film, followed on a 10 
nm layer of C-like low density material (1 g/cm3) deposited after the Silicon Pore Optics 
assembly via dip coating. The effective are compared to simple Ir is much enhanced. The 
method seems very attractive because easier than the B4C layer consider so far. The 
achieveble effective area is much larger than SiC considered as an alternative material. 
Preliminary samples of the new overcoating deposited on an Ir film were developed and X-
ray measured, showing a much better reflectivity than sole Iridium    
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