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Scope Analysis

First two 2024 Sub-Topics are virtually identical to 2023.

Special Topics Change from year to year.

2021 2022 2023 2024

LUVOIR & HabEx UVOIR 
Materials, Substrates, Structures, & Mechanisms for Adv Optical Systems 

(from balloon or CubeSAT to Probe or Flagship from UVO to Far-IR)

Telescope for 

CubeSAT
CubeSAT

Fabrication, Test, and Control of Optical Components and Telescopes (for 

all wavelengths and operating temperatures)

NIR LIDAR 

Telescope

Special Topics: 

LISA Epoxy 

Ultra-Stable 

Special Topic #1: Near 

Angle Scatter (~100 

milli-arc-sec)

Special #1: Polarization Birefringence Mapper

Balloon Planetary Balloon 

Special Topic #2: Ultra-

Stiff Biologically 

Inspired Substrates

Special #2: Integrated Flexure Interface

Far-IR Missions Far-IR Special #1: Near Angle Scatter

Fab, Test & Control Fab, Test & Control



2023 Scope Analysis

Used Award Statistics to justify new Scopes
• Combined Mirror and Mechanism technology has most proposals 

(68%)

• Fabrication, Test & Control gets 2nd most proposals (26%)

• ‘Focused’ Special Topics are effective.

Awards
2016 to 22 2023 Total

Phase 1 Award/Submission 29/78 6/15 35/93

37% 40% 38%

Phase 2 Award/Submission 10/26 10/26

38% 38%

Phase 1 Scope Selection % Proposal %

Mirrors & Mechanisms 21/55 1/8 22/63 35% 68%

Fabrication, Test & Control 7/20 4/4 11/24 45% 26%

Special Topics 1/3 1/3 2/6 33% 6%



Gender Analysis

Continue to monitor Gender Statistics for signs of bias:

• Proposal Submitted may not represent community demographics 

• In 2023 only 5% of proposals are submitted by a female – need more.

• Award statistics are similar for male and female.

P1 SubmitP1 Award P2 Award Male Female % Male Female % Male Female %

Total 317 116 41 280 37 STD 103 13 STD 36 5 STD

Percentage 37% 13% 88% 12% 50% 89% 11% 29% 88% 12% 76%

Percentage of Gender Awarded 37% 35% 35% 38%

2023 20 7 0 19 1 5% 7 0 0%

2022 (1 male minority) 27 5 3 23 4 15% 4 1 4% 2 1 33%

2021 20 8 4 15 5 25% 6 2 13% 4 0 0%

2020 29 9 2 25 4 14% 6 3 12% 1 1 50%

2019 23 7 5 20 3 13% 6 1 5% 5 0 0%

2018 26 6 2 24 2 8% 6 0 0% 2 0 0%

2017 17 11 4 17 0 0% 11 0 0% 4 0 0%

2016 16 7 2 13 3 19% 7 0 0% 2 0 0%

2015 23 10 3 21 2 9% 9 1 5% 2 1 33%

2014 15 6 2 13 2 13% 6 0 0% 2 0 0%

2012 25 6 3 23 2 8% 6 0 0% 3 0 0%

2011 25 7 1 22 3 12% 7 0 0% 1 0 0%

2010 21 10 1 18 3 14% 8 2 11% 1 0 0%

2009 16 7 4 15 1 6% 6 1 7% 3 1 25%

2008 14 10 5 12 2 14% 8 2 17% 4 1 20%

P2 AwardedTotal P1 Submitted P1 Awarded



NASA ‘Optics’ Award Statistics Total

Phase 1 Phase 2

2005 to 14 36%  (72/200) 45%  (28/62)

2015 48%  (10/21) 20%  (3/8)

2016 29%  (7/24) 33%  (2/6)

2017 39%  (11/28) 40%  (4/10)

2018 23%  (6/26) 40%  (2/5)

2019 30%  (7/23) 71%  (5/7)

2020 31%  (9/29) 33%  (2/6)

2021 40%  (8/20) 66% (4/6)

2022 19%  (5/27) 60% (3/5)

2023 35%  (7/20) % (/)

Total 35%  (142/402) 46%  (53/115)



S2.03 “Advanced Optical Systems for UVO & IR”

Phase 1 Phase 2

2015 50%  (5/10) 20% (1/5)

2016 42%  (3/7) 33% (1/3)

2017 70%  (7/10) 33% (2/6)

2018 25%  (3/12) 33% (1/3)

2019 55%  (5/9) 60% (3/5)

2020 42%  (6/14) 20% (1/5)

2021 36%  (4/11) 33% (1/3)

2022 13%  (2/15) 50% (1/2)

2023 40%  (6/15) % (/)

Total 39%  (41/104) 34%  (11/32)



2023 SBIR S12.03 ‘Normal Incidence’

Phase I 15 Submitted 6 Funded

Cornerstone Research:  Cellular Optimization of Additively Produced 

Mirror Substrates for In-space Imaging

OptiPro Systems:  Sub-nanometer CMM for Mirror Surface Metrology

OptiPro Systems:  Elastic Emission Machining of Substrates for EUV, 

Optical, and Infrared Optics

OptiPro Systems: Ultrahigh Precision CTE Measurements

Relative Dynamics: Metalens Near InfraRed Telescope

Soter Technology: Improved Computer Generated Holograms for 

Testing Aspheric and Freeform Optics

Phase II TBD Submitted TBD Funded















2022 SBIR S12.03 ‘Normal Incidence’

Phase I 15 Submitted 2 Funded

Nanosonic: Low Viscosity High Strength Adhesive with Low-CTE

Output Technologies: Low-Cost High-Performance Metal Matrix 

Composite for Advanced Optical Systems

Phase II 2 Submitted 1 Funded

Nanosonic: Low Viscosity High Strength Adhesive with Low-CTE





S2.04 “X-Ray Mirrors, Coatings and Free-Form”

Phase 1 Phase 2

2015 45%  (5/11) 66%  (2/3)

2016 24%  (4/17) 33%  (1/3)

2017 22%  (4/18) 50%  (2/4)

2018 21%  (3/14) 50%  (1/2)

2019 28%  (2/14) 100% (2/2)

2020 20%  (3/15) 100% (1/1)

2021 44%  (4/9) 100% (3/3)

2022 25%  (3/12) 66% (2/3)

2023 20%  (1/5)

Total 28%  (29/102) 66%  (14/21)



2023 SBIR S2.04 ‘X-Ray, Freeform & Coating’

Phase I 5 Submitted 1 Funded

Nanovox:  Wideband Inorganic Freeform Optics

Phase II TBD Submitted TBD Funded





2022 SBIR S2.04 ‘X-Ray, Freeform & Coating’

Phase I 12 Submitted 3 Funded

A-Z INNOVATIVE SOLUTIONS LLC: Low-cost Ultra-high Precision 

X-Ray Mirror Surface Deterministic Finishing

HighRIOptics: Binary Pseudo-Random Array (BPRA) standards for 

Inspection and Calibration of Cylindrical Wavefront Interferometry

OptiProSystems:Wide Range Chromatic Interferometric Probe

Phase II 3 Submitted 2 Funded

HighRIOptics: Binary Pseudo-Random Array (BPRA) standards for 

Inspection and Calibration of Cylindrical Wavefront Interferometry

OptiProSystems:Wide Range Chromatic Interferometric Probe







Any Questions?
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IMPORTANT: Commercialization Plan

Reminder: no proposal can achieve the highest rating without a strong 
commercialization plan. 

Preference may be given to companies that have successfully leveraged 
NASA’s SBIR investment. 

Commercialization metrics include:

• Disclosure of technology and/or process development/improvement 
via New Technology Report.  

• If no new technology is developed, then why are we making the investment?  

• Companies that consistently say that nothing new was produced by the SBIR 
investment may be penalized.

• Patents resulting from SBIR investments.

• Commercialization of SBIR developed innovation as measured by 
new revenue and employment.

• Use of the innovation by a NASA program.



IMPORTANT:  Success Stories

Success Stories are essential for keeping SBIR Subtopic funded.

If you have not already so done, please send Ron Eng or myself 
one page success story summary of your past SBIR contracts.  

Please include:  

• Name of contract and amount of award

• How have you commercialized the innovation

• What new revenue or new employment can be traced to the 
SBIR investment

• Has the innovation been used in a NASA (or other 
government) program, etc.

• Was the innovation patented



Generic Instructions to Proposer

Convince the Reviewer:

• You understand how your technology solves a high priority Problem.

o 2022 Astrophysics Biennial Technology Report 

(https://apd440.gsfc.nasa.gov/technology.html) 

o 2022 Exoplanet Exploration Program Technology Gap List 

(https://exoplanets.nasa.gov/internal_resources/2269/)

• You understand State of Art of how Problem is or is not being solved.

• Your solution is better than the State of the Art

Articulate a feasible plan to:

• fully develop your technology, 

• scale it to a full size mission, and

• infuse it into a NASA program

Deliver Hardware not just a Paper Study, including:

• documentat (material behavior, process control, optical performance)

• mounting/deploying hardware



DISCLAIMER

The following may or may not be what is published.



Introduction

Accomplishing NASA’s high-priority science at all levels (flagship, probe, Medium-

Class Explorers (MIDEX), Small Explorers (SMEX), rocket, and balloon) requires 

low-cost, ultra-stable, normal-incidence mirror systems with low areal density. 

Mirror system is defined as the mirror substrate, supporting structure, and associated 

actuation and thermal management systems. 

After performance (diffraction limit, stability, collecting area), the most important 

metric is affordability (cost per square meter), followed by mass.

Proposals must show understanding of one or more relevant science need and present a 

feasible plan to develop the proposed technology for infusion into a mission.

Successful proposals will demonstrate an ability to manufacture, test, or control optical 

systems that can meet science performance requirements and mission requirements 

(including processing and infrastructure issues). Material behavior, process control, 

active and/or passive optical performance, and mounting/deploying issues should 

be resolved and demonstrated.



SBIR Call for Proporsals

S12.03 has defined 3 Scopes:

• Scope 1 Materials, Substrates, Structures, and Mechanisms

• Scope 2 Fabrication, Test, & Control of Components and Telescopes

• Scope 3 Special Topics: 

o Polarization Birefringence Mapper

o Integrated Flexure Interface

o Near Angle Scatter

Scopes are defined based on specific applications, technology gap 

needs, or operating wavelength regime.

Each scope has its own metrics and desired deliverables.

Proposals addressing other problems are welcome.



Habitable Worlds Observatory (HWO)

The primary near-term need is technologies to enhance/enable the Habitable 

Worlds Observatory (HWO).  

HWO desires 6-m aperture telescope with better than 500 nm diffraction-

limited performance (40 nm rms transmitted wavefront) achieved either 

passively or via active control operating at 250 to 270K (nominal).  

Optical components need to have <5 nm rms 0-G surface figures.  

Additionally, to enable coronagraphy, the HWO requires total telescope 

wavefront stability of less than 3 pm rms. 

Potential enabling technologies include: ultrastable mirror substrate and 

support structures (60 to 500 Hz first mode), athermal telescope structures, 

athermal mirror struts, ultrastable joints with low coefficients of thermal 

expansion (CTE), vibration compensation or isolation of  >140 dB, and 

active thermal control of < 1 mK. 



Materials, Substrates, Structures, and Mechanisms for

Advanced Optical Systems
Mirror systems enable missions (from balloon or CubeSat to Probe or 

Flagship) operating at any wavelength from UV/optical to mid/far infrared.

Scope solicits technologies associated with the opto-mechanical aspects of 

mirror systems the substrate (material and core structure), supporting 

structure, with associated mechanisms.

Opto-Mechanical technology often determines the ability of a mirror system to 

meet its performance specifications (figure, mass, stability, thermal, etc.)

Also important is validated integrated structural thermal optomechanical 

performance (STOP) models for predicting ‘in use’ performance.

After performance, the most important metric is affordability. 

Scope details specific performance specifications for different mission classes:

• Balloon Missions EUV, UVO and Mid IR

• Space Far IR Missions

• Space UVO Missions

• CubeSAT Missions



Fabrication, Test and Control of Advanced Optical Systems

Mirror systems enable missions (from balloon or CubeSat to Probe or 

Flagship) operating at any wavelength from UV/optical to mid/far-infrared. 

Scope solicits technologies associated with fabrication, test and sense/control 

of mirror systems. 

• Given that deterministic fabrication is relatively mature, technology 

advances are solicited that reduce cost for large mirrors by increasing 

remove rates while producing smoother surfaces (less mid-spatial error). 

• High-contrast imaging of exoplanets using a coronagraph requires 

wavefront stability <3 pm rms. This requires wavefront sensing, metrology, 

and verification/validation. 

• Actuators are needed to align and co-phase segmented aperture mirrors to 

diffraction-limited tolerances. Depending upon the mission, these 

mechanisms may need precisions of <1 nm rms and the ability to operate at 

temperatures as low as 10 K.



Special Topics:

#1: Polarization Birefringence Mapper

• To detect and characterize exo-Earths around Sun-like stars, the Habitable World Observatory 

(HWO) requires mirrors with polarization birefringence uniformity on the order of 1% over its full 

aperture.  This special topic solicits an instrument to map polarization birefringence for the purpose 

of qualifying flight mirror coating processes and acceptance testing flight mirrors after coating.  

Flight mirrors may have diameters from 1.5-m to 6-m.  It is desired to characterize polarization 

properties at scientifically relevant wavelengths with 20% spectral bandwidth between 350 and 

1800 nm (stretch goal of 100 to 2500 nm).

#2: Integrated Flexure Interface

• Investigate integration of flexures or otherwise complaint mounting interfaces into a mirror substrate 

over 1-meter in diameter. The goal is a reduction in overall mass and size of the substrate and 

support structure by taking advantage of new manufacturing technologies to reduce part count. A 

successful project will show minimal mirror surface deformation when mounted to an over-

constrained (non-kinematic) interface at various gravity orientations 

#3: Near Angle Scatter

• Near Angle Scatter from surface microroughness, optical coating columnar structure, surface defects, 

contamination, radiation exposure AND micrometeoroids impacts can limit the ability to detect and 

characterize Earth-like planets in the habitable zones of Sun-like stars. Models, validated by 

experiment, that predict scattered light amplitude at angular separation from the host star from 40 to 

500 milli-arc-seconds as a function of these sources are needed to help define component 

specifications for a potential 6-m mission to perform exo-Earth science.



Any Questions?


