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SUMMARY
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The Advanced Telescope for High ENergy Astrophysics (Athena) is
a Cosmic Vision L-class mission of the European Space Agency
selected for launch in the early 2030s1.
The observatory features a single X-ray telescope with a 12 m
focal length. The focusing Wolter-I optics is based on Silicon Pore
Optics (SPO) technology2.
The Athena science objectives require a high performance in the
0.3-12 keV range which is obtained with X-ray reflective thin films.

The SPO technology utilizes super-polished Si wafers which are
well-suited for X-ray mirrors. The sequence of processing steps to
manufacture and stack reflective plates is illustrated in figure 1.

Athena mirror technology based on Silicon Pore Optics

Photolithographic lift-off using DMSO

Figure 4 demonstrates that Ir/SiC bilayers prepared at DTU Space
are robust to the annealing procedure at 200 ℃ for 50 hours.
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Figure 3: Microscope images of Ir single-layer samples after the SC-1 treatment.
Left: The sample .

Figure 2: Thin films exposed to DMSO. Left: Ir single-layer measured at 8.048 keV.
Right: Ir/SiC bilayers measured at 0.6 degrees grazing incidence.

We present preliminary results on the Athena mirror
coating qualification by exposing Ir and Ir/SiC thin films to
the required chemical and thermal treatments:

• Dimethyl sulfoxide (DMSO) treatment for photoresist lift-
off (chemistry)

• Standard Clean 1 (SC-1) for cleaning and surface 
activation (chemistry)

• Annealing at 200 ℃ for 50 hours improve bond strength
of stacked SPO plates

Figure 4: Ir/SiC bilayer before and after annealing at 200 ℃ for 50 hours. The XRR
measurements were performed at 1.487 keV (left) and at 8.048 keV (right).

Credit: X-IFU Consortium

SPO plates must undergo a wet chemical treatment using DMSO
to remove stripes of photoresist after thin film deposition in order
to prepare the plates for stacking.
Figure 2 shows that Ir single-layers and Ir/SiC bilayers produced at
DTU Space are not affected by DMSO exposure.

Initial results on Ir and Ir/SiC thin films exposed to chemistry
indicate that Ir single-layers deposited on plasma cleaned
substrates are robust to both DMSO and SC-1.
While compatible with DMSO, the current SC-1 bath appears to
partially remove the SiC overlayer.
Ir/SiC bilayers demonstrate robustness to the annealing process.

SC-1 treatment – influence of pre-coating plasma cleaning

Without substrate plasma cleaning With substrate plasma cleaning

Optimized thin films to enhance the Athena performance
The current baseline design for the X-ray reflective mirror coatings
of Athena assumes an optimized Ir/SiC bilayer (10 nm/4 nm)
across all 15 rings.

Demonstrating compatibility between the DC magnetron sputtered
Ir and Ir/SiC thin films and the post-coating process requirements
(figure 1: G-H) for the stacking of SPO plates is critical to adopt
the mirror coatings.

Figure 1: SPO stack production flow.

Ir single-layer Ir/SiC bilayer

Robustness of thin films after DMSO and SC-1 treatment

Ir single-layer

Ir/SiC bilayerExposing the thin films to SC-1 demonstrates the importance of
substrate cleanliness as seen in figure 3.
The introduction of a pre-coating plasma cleaning step is essential
to preserve the thin film compatibility with the SC-1 procedure.

The flight mirrors for Athena will be produced in the new Athena-
dedicated coating facility3. The influence of DMSO and SC-1 was
assessed based on thin films deposited in this chamber.

Figure 5: XRR at 0.6 degrees of Ir single-layer samples comparing an untreated
reference to the DMSO and SC-1 treated sample.

Figure 6: XRR at 0.6 degrees of Ir/SiC bilayer samples comparing two pairs of
untreated references to DMSO and SC-1 treated samples.

While Ir samples are unaffected (figure 5), the SC-1 bath appears
to remove the SiC overlayer inconsistently (figure 6). The SC-1
process requires further investigation to ensure compatibility with
the thin films.


