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HDOS Chandra Mirror blank



Proof of concept study for light weight X-ray and visible light optics

X-ray optics
geometry; 3
cm diameter.
cylinder

“hockey
puck”
for
visible
light
optics; 6

cm

diameter L



Top/bottom az scans

Replica 2 top/bottom Radar Plot

Thanks to David Content NASA/GSFC




Ni/sprayed/N1 laminated 5 cm dia. flat: areal density,
2 kg/m?; 140 wm front/back of and 120 um of

sprayed micro-spheres; 7.3 gm = 3.7 kg/m?
Straight line test on flat; profiler

measurements show deviation from flat
of 1/3 A (600 nm); smoothness on 5 nm

10-100 micron scale |

Mirrorl and mandrel
together, both 5 nm
smooth

NB for cryo mirror
applications, dipping in
liquid N, had no effect




Background info re micro-spheres, Part I

Current State-of-the-Art

Hollow Mullite Spheres

/ Ni Coating SIC Coatlng

Density=.6-.7 gm/cc
Strength= 5-7,000 psi
size 1 micron-1000 microns
Low Thermal cionductivity=.3 W/mk

Second

Generation

Mullite/Ni Cermet Composite Properties
(Dependent on Ni Content) Proposed Mullite/SiC/Ni Composite
Plasma Sprayed Shapes (60 -70% Microspheres Retained) Density=.9 -1.0 gm/cc
- Thermal Conductivity=.7 - 5.5 W/mk SiC=3-6 % Wt
- Desnity=.8-.85 gm/cc(6% Wt Ni coating) Ni= 6% Wt
2.0-2.3 gm/cc (40-50% Wt Ni Coating) Increased Crush strength, Increased microsphere
- Crush Strength = 8-9,000 psi spray retention, Inc Composite strengths with
- CTE=10-15 micron/m C lower Metal Content, Lower CTE
- Flexure= 4-22,000 psi
- Compression= 10-50,000 psi
- Modulus= 2-9 MSI







0.0040 - ‘ ‘

= 0.003S —— Steel /

£ 0.0030 —— Composite ~

g P e

S 0.0025 —

= 0.0020 -

- 1

= 0.0015 —

2 0.0010 " ——
00005 | —— = — ]
0.0000 ‘

0 50 100 150 200 250 300

Temperature, C

For cylinder:
CTE about 4.2*E-6 versus 2.4E-6 CVD SiC
Density = 4.7 g/cm? versus 3.2 g/cm? CVD SiC
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7 kev out of focus

7 keV 1n focus 30 arc sesc FWHM



Two Actuator Concepts



Integrated Co-fired stack approach



Flex Patch Approach



Rotisserie
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Sputtering Gun



!

Mandrel & Multilayer




Multilayers on insida,




Coated Mandrel

Reflecting layers

CN,, layer / / \ﬁ Electroplated Nickel

Electroless N1 Release layer
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Two different
orientations about
optical axis, same
energy; W/S1 5.29 nm
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Higher Energy
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Concluding Remarks:

* Plasma spray shows promise for light weight
mirrors, and actuators are fall back

e Facilities available to test with and without
Actuators

* Technology Exists to Enhance High Energy
Reflectivity
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