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Reflective Coating for Lightweight Segmented X-ray Optics
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X-Ray Optics for Astronomy | Coating and Angular Resolution S —
* Net generation x-ray optics for astronomy will « Does coating matter structurally? For arc-second L ' '
require segmented, lightweight optics i resolution optics, yes.
* Compact, thin shell = low cost { ~ Suzaku) a -
« High b ethe el z:ns:lm GPa {20 nm film} is high enrough to distort X
second) + Example: Sag of ~ 1 um from 3 Gpa, 20 nm film on 0.4 mm
glass substrate of 200.mm long
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\ Segmenied ThinShefl Mirror Madular X ray Telescope +  Film stresses are high: 2 :
e ——— ————— e - Ir:~ 4 GPa [compressive)
T s i \ - Cri~2GPa (Tensile) :
Mirror = Substrate + Reflective Coating * Successively depositing thicker fimson £
mirrors progressively worsens it axial
* Precise, thin, large, glass (& few ds) are now developed and resolution s Impraving curvature
* Low stress, high-Z coating is needed for x-ray reflaction for € < 10 keV. Multi-layer for harder x-ray.
* Requi-es about 20 nm of single layer film of high-Z metal {e.g., Ir, P1) Twao approaches to eliminate film stress-
induoed distortion:
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i Low stress Ir/Cr bi-layer deposition | Conformal Front-side and Backside deposition
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* Coating-induced distortion of mirror may be balanced by coating both front slde and the back side of
the mirror
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i = Requires matching (preferably uniform) thickness and stress distribution over mirrar's surfaces i
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Take advantage of compressive Ir and
tensile Cr

Combined Ir/Cr bi-ayer deposition
will produce zero stress film

«  Back side coated mirrors are also thermally useful
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' + Callbraticn of Cr film with variable 1o e
thickness reduces the effective stress
| of Ir/Cr fiim ta within = 0.1 GPa | i
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I': TR « Direct deposition of Ir/Cr . L - i
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||_l 1 | 4 ' 40.2,-0.4, 0.9 GPa Front and Back side Deposition with Conformal Front and Back Coating with i
| & 1 ] * Full surface heights of I Magnetron-sputtering Atom|c Layer Deposition (ALD) b
i mirrers were measured * Front-side deposition produces sag * The case for ALD
with interfermetar (with [ variation as enpected - Conformal coating on all surfaces
null lens generating * Back-side deposition produces = Uniform coat
cylindrlcal wavefront) conslstent, similar sag change = Potentially lower stress
< Film-induced axial . * But magnitudes do not match exactly, = Dense and smooth films
curvatures are not [ especially at mddh azimuths . Prﬂknlnw results are encouraging
preportional to stress . y diffe: of mirrors .G ing local facilities and
{issue with thickness in the coating chamber thin film equipment providers for further

calibration) development

1 Sag variation of Mirrar, as
| funcrions of Azimuths
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