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What I want to see in a Proposal

Define a customer or mission or application and demonstrate that you 
understand how your technology meets their science needs.

Propose a solution based on clear criteria and metrics

Articulate a feasible plan to:
• fully develop your technology, 
• scale it to a full size mission, and
• infuse it into a NASA program

Deliver Demonstration Hardware not just a Paper Study, including :
• documentation (material behavior, process control, optical performance)
• mounting/deploying hardware



Customer / Application

Astro2010 specifically identifies optical components and coatings as key technologies:
Light-weight x-ray imaging mirrors for future large advanced x-ray observatories
Large aperture, light-weight mirrors for future UV/Optical telescopes
Broadband high reflectance coatings for future UV/Optical telescopes

National Academy “NASA Space Technology Roadmaps and Priorities” states that one 
of NASA’s top challenges should be to develop a new generation of larger aperture, 
lower-cost telescopes:

Active align/control of < 1 arc-second angular resolution x-ray imaging
Active align/control of 500 nm diffraction limit imaging systems
Normal incidence 4-meter (or larger) diameter 5 nm rms WFE mirrors

Heliophysics Decadal will be released this summer.

Earth Science GEO-CAPE coastal ecosystem imager requires technology for 
alternative solar calibration strategies including new materials to reduce weight, and 
new optical analysis to reduce the size of calibration systems.



Desired Technologies

The subtopic has  objectives:

Develop and demonstrate X-Ray Technologies

Develop and demonstrate UVOIR Mirror Technologies

Develop and demonstrate optical coatings for EUV and UVOIR 
telescopes.  

Large aperture diffusers (up to 1 meter) for periodic calibration of 
GeoStationary Earth viewing sensors by viewing the sun either in 
reflection or transmission off the diffuser.

Desire is to go beyond simple components to sub-systems.



Technical Callenges

In all cases, the most important metric for an advanced optical 
system is affordability or areal cost (cost per square meter of 
collecting aperture).  Currently both x-ray and normal 
incidence space mirrors cost $4 million to $6 million per 
square meter of optical surface area.  This research effort seeks 
a cost reduction for precision optical components by 5 to 50 
times, to less than $1M to $100K/m2. 

Successful proposals shall provide a scale-up roadmap (including 
processing and infrastructure issues) for full scale space 
qualifiable flight optics systems.  Material behavior, process 
control, active and/or passive optical performance, and 
mounting/deploying issues should be resolved and 
demonstrated.



X-Ray Technologies

Potential x-ray missions require  
X-ray imaging telescopes with <1 arc-sec angular resolution and > 1 to 5 m2

collecting area;
Multilayer high-reflectance coatings for hard x-ray mirrors (NuSTAR)
X-ray transmission and/or reflection gratings

Multiple technologies are needed to enable < 1 arc-sec x-ray telescopes.
new mirror materials such as silicon carbide, porous silicon, beryllium; 
improved techniques to manufacture (such as direct precision machining, 

rapid optical fabrication, slumping or replication technologies) 0.3 to 2 
meter mirror shells or segments; 

improved testing techniques; 
active alignment of mirrors in a telescope assembly; and 
active control of mirror shape.  



X-Ray Desired Outcomes

Successful proposals will demonstrate ability to:
manufacture, test & control 0.25 to 0.5 m prototype x-ray mirror assembly; or
coat a 0.25 to 0.5 m representative optical component.  

Ideal Phase 1 delivers 0.25 m x-ray mirror.  

Ideal Phase 2 advances technology to produce TRL 4/5 0.5 m mirror.  

Deliverables include all necessary documentation, including optical 
performance assessment and all data on processing and properties of 
its substrate materials. 

Phase 2 also includes a mechanical and thermal stability analysis.  



UVOIR Technologies
Potential UV/Optical missions require:

Large aperture, light-weight mirrors 
Broadband high reflectance coatings

Successful proposals will demonstrate an ability to:
manufacture, test &control ultra-low-cost precision 0.25 to 0.5 m optical systems; or 
coat a 0.25 to 0.5 meter representative optical component.  

Ideal Phase 1 deliverable would be a precision mirror of at least 0.25 meters; 
or a coated mirror of at least 0.25 meters.  

Ideal Phase 2 advances technology to produce TRL 4/5 mirror > 0.5 m.

Deliverables include all necessary documentation, including optical 
performance assessment and all data on processing and properties of its 
substrate materials. 

Phase 2 also includes a mechanical and thermal stability analysis. 



Large UVOIR Mirror Technology

Future UVOIR missions require 4 to 8 or 16 meter monolithic or 
segmented primary mirrors with < 10 nm rms surface figures.  

Mirror areal density depends upon available launch vehicle capacities 
to Sun-Earth L2 (i.e. 15 kg/m2 for a 5 m fairing EELV vs. 60 kg/m2 
for a 10 m fairing SLS).  

Potential solutions include, but are not limited to:
new mirror materials such as silicon carbide, nanolaminates or carbon-fiber 

reinforced polymer; 
new fabrication processes such as direct precision machining, rapid optical 

fabrication, roller embossing at optical tolerances, slumping or replication 
technologies to manufacture 1 to 2 meter (or larger) precision quality 
mirrors or lens segments.  

reflective, transmissive, diffractive or high order diffractive blazed lens optical 
components for assembly of large (16 to 32 meter) optical quality primary 
elements.  



Large Area UVOIR coatings

Large telescopes require broadband (from 100 nm to 2500 nm) 
high-reflectivity mirror coating with extremely uniform 
amplitude and polarization properties.  

Proposals include, but are not limited to:
investigations of new coating materials with promising UV performance; 
new deposition processes; and 
examination of handling processes, contamination control, and safety 

procedures related to depositing coatings, storing coated optics, and 
integrating coated optics into flight hardware.  

An ability to demonstrate optical performance on 2 to 3 meter 
class optical surfaces is important.



Large Aperture Diffuser Technology

Geo Stationary Earth viewing sensors need large aperture 
diffusers (up to 1 meter) for periodic calibration by viewing 
the sun either in reflection or transmission off the diffuser.

New materials are needed to reduce weight.

Typical materials of interest are PTFE (such as Spectralon® surface 
diffuser) or development of new Mie scattering materials for use as 
volume diffusers in transmission or reflection.  

Material needs to be stable in BTDF/BSDF to 2%/year from 250 to 2500 
nm and highly lambertian (no formal specification for deviation from 
lambertian).

New designs are needed to reduce the size of calibration systems. 



Any Questions?



S2.04 & S2.05 Award Statistics Total

Phase 1 Phase 2
2005 21%  (8/38) 71%  (5/7)
2006 28%  (8/29) 63%  (5/8)
2007 36%  (4/11) 50%  (2/4)
2008 59%  (10/17) 50%  (4/8)
2009 56%  (9/16) 50%  (4/8)
2010 50% (11/22) 11%  (1/9)
2011 28%  (7/25)

Total 36%  (57/158) 48%  (21/44)



S2.04 Award Statistics

Phase 1 Phase 2
2005 22%  (2/9) 100%  (1/1)
2006 29%  (6/21) 50%  (3/6)
2007 33%  (1/3) 100%  (1/1)
2008 75%  (3/4) 50%  (1/2)
2009 66%  (2/3) 66%  (2/3)
2010 33%  (4/12) 00%  (0/3)
2011 33%  (4/12)

Total 34%  (22/64) 50%  (8/16)



2010 SBIR S2.04

Phase I 12 Submitted 4 Funded

Scale-up of Nano-Engineered AR Coating Process for Large Plastic Optics, Nanotrons

Low Cost High Specific Stiffness Mirror Substrate, United Materials and Systems

Silicon Carbide Corrugated Mirrors for Space Telescopes, Trex Enterprises Corporation

Enhanced ORCA and CLARREO Depolarizers Using AR Microstructures, TelAztec

Phase II 3 Submitted 0 Funded



2011 SBIR S2.04

Phase I 12 Submitted 4 Funded

Diamond Turned Super Alloy Mandrel for X-Ray Mirrors; Dallas Optical Systems

Lightweight Composite Mirrors for Telescopes; Materials Modification

Carbon Nanotube and Carbon Fiber Reinforced SiC Optical Components; M Cubed

Dual Band EUV Multilayer Coatings for Solar Physics; Reflective X-Ray Optics

Phase II 2012











S2.05 Award Statistics

Phase 1 Phase 2
2005 21%  (6/29) 67%  (4/6)
2006 25%  (2/8) 100%  (2/2)
2007 38%  (3/8) 33%  (1/3)
2008 54%  (7/13) 50%  (3/6)
2009 46%  (6/13) 33%  (2/6)
2010 70%  (7/10) 17%  (1/6)
2011 23%  (3/13)

Total 36%  (34/94) 45%  (13/29)



2010 SBIR S2.05

Phase 1 10 Submitted 7 Funded

Innovative Deterministic Optical Surface Finishing, Nanotrons
ELID Grinding of Large Aspheric Optics, Flemming Tinker Inc.
Fabrication Technology for X-Ray Optics and Mandrels, Flemming Tinker
Removing Mid-Spatial Frequency Errors on Curved Surfaces with VIBE, 

Optimax Systems, Inc.
High-Resolution Detector for At-Wavelength Metrology of X-Ray Optics, 

Radiation Monitoring Devices, Inc.
Cryogenic Optical Metrology Through a Chamber Window, Flexure 

Engineering
In-Situ Extended Lateral Range Surface Metrology, 4 D Technology 

Corporation

Phase II 6 Submitted 1 Funded
High-Resolution Detector for At-Wavelength Metrology of X-Ray Optics, 

Radiation Monitoring Devices, Inc.





2010 SBIR S2.05

Phase 1 13 Submitted 3 Funded

Cryogenic & Vacuum Compatible Metrology Systems; Flexure Engineering

Optical Fabrication & Metrology of Aspheric & Free Form Mirrors; OptiPro

Very Large Computer Generated Holograms for Precision Metrology of Aspheric 
Optical Surfaces; Arizona Optical Metrology

Phase II 2012









Any Questions?


