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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)



2005
2006
2007
2008
2009
2010
2011

Total

S2.04 Award Statistics

Phase 1

22% (2/9)
29% (6/21)
33% (1/3)
75% (3/4)
66% (2/3)
33% (4/12)
33% (4/12)

34% (22/64)

Phase 2

100% (1/1)
50% (3/6)
100% (1/1)
50% (1/2)
66% (2/3)
00% (0/3)

50% (8/16)



2010 SBIR S2.04

Phase | 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 |l 3 Submitted 0 Funded


http://sbir.gsfc.nasa.gov/SBIR/abstracts/10/sbir/phase1/SBIR-10-1-S2.04-9269.html?solicitationId=SBIR_10_P1

Phase | 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 |l 2012



NASA SBIR/STTR Technologies

J/BIR

§2.04-9735 - Diamond Turned Super Alloy Mandrel for Slump Forming X-Ray Observatory (IXO) Mirrors mn ‘
PI: John Casstevens

Dallas Optical Systems, Inc. - Rockwall, TX

Identification and Significance of Innovation
With carrent techmology, the cost to fabricate and the tims to produce large mirrers

is ome of the lixiting factors for meamy muissions. A major ssophasis im achieving a
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Estimated TRL at beginning and end of contract- (Begin: 3 End: 5)

Technical Objectives and Work Plan

The of the Phase I SBIR affort will be the evaluation of machineabality
%m%&amﬂydmﬂamh&ynﬂhﬂd
meckanical propertes for use 25 INO marror shemping mandrels. Selected super
alloys will be processed 2s follows:

TSelect aﬂoy:wnhuqu:tnuchmnla::ldm
ﬁ'-nnx-uqudnql:ngm:::nk >

TDevelop electroless mackal s to super alloys to obtain fawless
electroless nickel platimg nﬂnmnmmdnlm
TDiamond tum a=d polish flat mirrers which will be measured befose and afier beat

to evaluate dx
ss nickel surface and
with cutting tool materials cubic | md. lpndmp-axbobm

TDesigz a diamond turned slumping mandrel utilizing the resmits from comventional
mackaming, hoat slectroless nickel plating and diamond turning
ﬁ-mo‘ﬁocﬁmdmﬂqﬂ.m&Mxmm;dg::

NAéAAmliuﬁms

Mandrels for shamp forming of x-ray marror optical segments will lower costs to the poant
of sabling large space borne x-ray optical instrumeats.

Non-NASA Applications
Diamond tarned electroless nsckal plated marrors are in wids use in commarcial and
thmdmmﬁgdﬂamﬂﬂanwd
other s utibize diamond tarmed alectroless mickel molds. Elsctroless nickal
mirrors are used for syachrotron light source & around the waorld.

F'irmcmts JohCm'-s -
1790Cm.1.-.
Rockwall, 750326708
PHONE: (972) 564-1156
FAX: (972) 564-1156

NON-PROPRIETARY DATA



NASA SBIR/STTR Technologies
S52.04-8273 - Liphtweizht composite mimmors for telescopes

JBIR |
ITIR |

Materials Modification, Inc - Fairfax, VA

Idensification and Significance of Innovation Cptimization.of ]
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Hon-MASA Applications

Finm Contacts  Tiramalai Sadarshan
2B09-K Mamrile Drive
Fairfax, Y103 14400
PHOME: (703) 560-1371
FAX: (703) 560-1372

NON-PFROFEIETARY DATA



NASA SBIR/STTR. Technologies m‘n
52.04-3762 - Carbon Nanotube (CNT) and Carbon Fiber Reinforced SiC Optical Components m

FI: Prashant Karandilcar
M Cubed Technologies, Inc - Newark, DE

Tdentification and Significance of Innovation

21l & a camdidade snatarial for Hightwaight comsponests for eptical sysioms m
defunse and comemersizl felds. B Cobed ks conducted sxsesive work on
E:ﬂm:l:ﬂ.ﬁmh:—f-:hh-ﬂmnl:—hﬁ. Some of

the drawbacks of SiC incinde low and high costs. With casbon
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be designed, coxied and fmished during the proposed program

Estimated TRL at beginning and end of conmract: { Begin: 4 End: 6)

The cvsr ]l chisctive of this work is to demonstrate the feasibility of

Eabricati
igh sooghness, lightosight, loar-CTE 5iC aptical componests out of carboa
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1. Devalop process to make 550 composie with combimed CHT and cerbom fikar
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2. Charactrize propertiss of this matarial

3. Bcale up the precess to fabricte .25 fat, 02%m sphanical znd (. Fem sphemical
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4. Demomsizwin the ability #o 5i coat the

3. Demnomstswin tha ability fo fSnish the mimors

6. Diovalop a path making 1-m class spherical asphere misrors

The wrork plan imvalves 6 tasks destzmed to mest the abow objectives. Thees tasks
aru a5 follows:

1. CHTICEEC Eh:u:l.im 11 and

I composite procass devslopmant and opSmiration.
il}-:l.gu.m-_;ﬁm-ﬁ

Scale op 1 fabricate srimer composants

l}_ﬂ:t£

‘Componamts

Mon-MASA Applicstions
Aminpcbile Brakes, Awrcraft brakres, Wabar Substmates, Pracistom Stmoinmes

Firm Contacts Prachast Karandikar

M Cobed Inc.
1 Tralee I=dustral
Hawrad, 197115444
PHONE: 454-B600

FAX: (302) 434-8605

NON-PROPREIETARY DATA



NASA SBIR/STTR. Technologies m‘n |
52 04-0684 - Duml-Band EUN MMultileyer Coatings fior Solar Phy=ics m |

PI: David Windt
Reflective X-ray Optics, LLC - New York, NY

Tdentification and Significance of [onovation

W proposs to develop and commarcialivs “dual-bemd” FUY multikbryor coatings thas
provids high reflectznce ot normea] incidencs is fores EUV eevebands Ths costings
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Estimated TRL at beginning snd end of contract: { Begin: 2 End: 4) BTy oA

Technical Objectives and Work Plan MASA Applicstions

m:wcﬁmm The kigh-performence dual-band costings we 1o dovelop will snable solar imaging
) -i imstremeeds that are neore uﬂ'nmm;rlntudbn ite, im
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Piaso I Woek Plam:
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T) Fabricats amd tust 5607 Al-AL-ZriAl deal-bemd coatings.

7) Fabricat a=d tust pariodic dnal-band costings wish noval capping layees.

@-ltalmﬂ.lpnuhalmu]m:m.

Non-MNASA Applicstions

High-parformence dnal-bend FIN maltileyoers will fimd application in a vanaty of othar
aroas of rescarck melnding plaseny disgnestics, high-barmonic gessration powences, X-ray
lzsers, and otber emergimg F1N applications.

Fm[ﬁm Diavid Windt
Eaflects X-ray LIC
1361 Amsteadam Smds 38
Newr Yook, 100272385
PHOME: (347) 850-2212
FAX: () -

HON - PROPEIETARY DATA



2005
2006
2007
2008
2009
2010
2011

Total

S2.05 Award Statistics

Phase 1

21% (6/29)
25% (2/8)
38% (3/8)
54% (7/13)
46% (6/13)
70% (7/10)
23% (3/13)

36% (34/94)

Phase 2

67% (4/6)
100% (2/2)
33% (1/3)
50% (3/6)
33% (2/6)
17% (1/6)

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 |l 6 Submitted 1 Funded

High-Resolution Detector for At-Wavelength Metrology of X-Ray Optics,
Radiation Monitoring Devices, Inc.



NASA SBIR/STTR. Technologies

52.05-3926 - High-Resolution Detector for At-Wavelength Mewology of X-Ray Optics =
JTIR |

FI- Vivek Maparkar

Identification and Significance of Innotation

Since the lamck of the first X-ny focusizg sdescope in 1943, the devulopoent of
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Estimsted TRL at beginning and end of confract: { Begin: S End: §)

Fadistion Momitoring Devices, Inc_ - Watertown, MA
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golers o etk s

rasnhotion., the detactor wall spactral informsation over a wide s=argy
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Firm Contacts  Vivek K
44 Hunt Strest

Watertoun, M{A, 07472-4859
PHOME: (617) 668-6800

HOM-PROPREIETARY DATA



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 |l 2012



NASA SBIR/STTR Technologies
52.05-8333 - Optical Fabrication and Metrology of Aspheric snd Freeform Mirrors

PI: David Mokring
OptiPro Systems LLC - Ontario, NY

Tdentification and Sipnificance of Innovation
EphPraﬁUh:FﬂuF-:hmg{lJFﬂjuamh-q:um::qlhmMMhﬂt
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Estimated TRL ai beginning and end of coniract: { Begin: 2 End: 4
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effecins frbricaton deive the design of mnirrer fwbrication platfomms.
Ahy:qm-hﬁumﬂm;ht&:::ndhp 15 the g

mnh:uhgj Hn‘hnh:ml-ug.u -dmwill'hntnrtnﬂ and azalyzed o eocisting
I:-ah.ri mﬁnﬁhn:m
l]:u:lmtn qr: fior a Tobmst

-'h:l:l:h.m'lilbnml&hmm]l mmh 'I]'I::.W]:unl
w-:]dl_luljuvm;.‘:&pmm mﬂulmm.mhm:pmﬂ

HAE-A.A.;E:]il::ﬁms
Bmﬁ:m}rﬂﬂ.ﬂ spplicetions imcleds the fEbrnication of mzmdrols weed o
shall svirrers for the Iviematiosal X-

'ullu:.q:ilu: off axis parsholic or freaform mm .

WEIRST. Thass programs raquire cost effective fior the fabrication of lrge optics
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Firm Contacts David Mobring

—_— aﬁmsﬂmm
I]miu,l-lm
PHOME: (385) 265-0160
FAX- (85) 265-0416

NON-PROPEIETARY DATA



NASA SBIR/STTR Technologies

S52.05-9080 - Very large compiier generaied holograims for precision metrology of sspheric optical sirfaces
JTIR |

PI: Chumyu Zhao
Arizoms Optical Metrology LLC - Tucson, A7

Identification and Sipnificance of Innovation
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Estimated TEL at beginning and end of coniract: { Begin: 2 End: 4
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Mon-NASA Applications
Lazgm surfaces ured m. ground based telescopes, the lishograpisc
Emmmmmm“ﬂuﬁmﬁmﬂml
photxgaphy camsares will ba batter tesied wath largs CGEHs

RO43 M.
Tucsom, BS 7430087
PHOME: (520 248-8453
FAX: (-

HON-PROPERIETARY DATA



NASA SBIR/STTR Technologies
S205-88TE - Cryopenic and Vacunim Compatible Metrology Sysiems

PI: Grepory Scharfstein
Flexure Enpineering - Collepe Park M}

Tdentfication and Significance of Innovation

Fleouse's innovation is io folly imdegrate & Lasar BEadar Scamming Heed (LESEH)
inside a thermal-vacoum chesher for |
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infegration; thermal m@gmml i=stromentation and
other alignment metology Instruments tha Lacer Eadar.

MASA Applicstions

Max:-ganaraticn i Tulescopes (TWST, WFIRS
MMEMM%MuEM.

Mon-MASA Applicstions
Matrology Matheds for Harsh Fmrirooment Mam fachurisg & othar
Environmentally-controlled Processes

Fi:ml:m Fussell Cox
Flamarm T
4423 Fioad, 135
Park, 207403334
: (4100} B64-2921
FAX: (-
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Any Questions?



What | 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/mz2.

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 m?
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
technologles to manufacture 1 to 2 meter (or Iarger) 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 iIs 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?



