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NASA ‘Optics’ 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) 20%  (1/5)
2012 28%  (8/29) 50%  (4/7)
2014 54%  (7/13) 33%  (2/6)
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)

Total 35%  (113/322) 43%  (39/91)



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)

Total 48%  (23/48) 29%  (5/17)



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)

Total 24%  (18/74) 50%  (6/12)



2019 SBIR S2.03 ‘Normal Incidence’

Phase I 9 Submitted 5 Funded
Advanced Systems & Technologies: Reconfigurable Optoelectronic 

Mirror Evaluation (ROME) System
Optimax Systems: Mitigation of Mid-Spatial Frequency Errors
Polaronyx: Large SiC Mirror Support Architecture Manufacturing
Quartus Engineering: CUBESAT
Voxtel: Compact high-degree-of-freedom Freeform Beam Expander 

Optics

Phase II TBD Submitted TBD Funded













2019 SBIR S2.04 ‘X-Ray, Freeform & Coating’

Phase I 14 Submitted 2 Funded
OptiPro Systems: Chromatic Interferometric Probe
OptiPro Systems: Advanced Nanometer Coordinate Measuring Machine

Phase II TBD Submitted TBD Funded







2018 SBIR S2.03 ‘Normal Incidence’

Phase I 12 Submitted 3 Funded
Boulder Nonlinear Systems: Programmable Phase Nulling Interferometer
OptiPro Systems: Additive Manufacturing of Silicon Carbide Mirrors
Thermal Expansion Solutions: Ultra-Stable ALLVAR Alloy 

Development

Phase II 3 Submitted 1 Funded
Thermal Expansion Solutions: Ultra-Stable ALLVAR Alloy 
Development





2018 SBIR S2.04 ‘X-Ray, Freeform & Coating’

Phase I 14 Submitted 3 Funded
Faraday Technology: Robust FARADAYIC CNT Based Coating for Scattered 
Light Suppression
Optimax Systems: Improving Freeform Manufacturing using a Unique 
Deflectometry Enclosure
Reflective X-ray Optics: Non-Iridium X-Ray Coatings for Lynx and other Future 
Missions

Phase II 2 Submitted 1 Funded
Faraday Technology: Robust FARADAYIC CNT Based Coating for Scattered 
Light Suppression





Gender Analysis
A recent study found a gender bias in the award of science proposals.  
So, I undertook an analysis of the S2.03 and S2.04 proposals since 2008.

NOTES:
• Phase 1 Award statistics may be better if persons who did work were listed as PI.  
• The total of 23 female PI Phase 1 proposals have been from only 6 companies.
• A plurality of the female PI Phase 1 proposals have been from a single company.

P1 SubmitP1 Award P2 Award Male Female Male Female Male Female
Total 221 87 27 198 23 80 7 24 3
Percentage 39% 12% 90% 10% 92% 8% 89% 11%
Percentage of Gender Awarded 40% 30% 30% 43%
do not delete

2019 23 7 0 20 3 6 1 0 0
2018 26 6 2 24 2 6 0 2 0
2017 17 11 4 17 0 11 0 4 0
2016 16 7 2 13 3 7 0 2 0
2015 23 10 3 21 2 9 1 2 1
2014 15 6 2 13 2 6 0 2 0
2012 25 6 3 23 2 6 0 3 0
2011 25 7 1 22 3 7 0 1 0
2010 21 10 1 18 3 8 2 1 0
2009 16 7 4 15 1 6 1 3 1
2008 14 10 5 12 2 8 2 4 1

P1 Submitted P1 Awarded P2 AwardedTotal


Summary

				Total						P1 Submitted				P1 Awarded				P2 Awarded

				P1 Submit		P1 Award		P2 Award		Male		Female		Male		Female		Male		Female

		Total		221		87		27		198		23		80		7		24		3

		Percentage				39%		12%		90%		10%		92%		8%		89%		11%

		Percentage of Gender Awarded												40%		30%		30%		43%

		do not delete

		2019		23		7		0		20		3		6		1		0		0

		2018		26		6		2		24		2		6		0		2		0

		2017		17		11		4		17		0		11		0		4		0

		2016		16		7		2		13		3		7		0		2		0

		2015		23		10		3		21		2		9		1		2		1

		2014		15		6		2		13		2		6		0		2		0

		2012		25		6		3		23		2		6		0		3		0

		2011		25		7		1		22		3		7		0		1		0

		2010		21		10		1		18		3		8		2		1		0

		2009		16		7		4		15		1		6		1		3		1

		2008		14		10		5		12		2		8		2		4		1







2019

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		2649		1				1

		S2.03		3502		1

		S2.03		3536		1				1

		S2.03		3668		1				1

		S2.03		3687				1				1

		S2.03		3712		1

		S2.03		4264		1				1

		S2.03		4391		1

		S2.03		4423		1

		S2.04		2447		1

		S2.04		2608		1

		S2.04		2625		1

		S2.04		2890		1

		S2.04		3272		1				1

		S2.04		3275		1				1

		S2.04		3521		1

		S2.04		3558		1

		S2.04		3608				1

		S2.04		3658				1

		S2.04		3764		1

		S2.04		3879		1

		S2.04		3912		1

		S2.04		4122		1

						20		3		6		1		0		0

						87%		13%		86%		14%		ERROR:#DIV/0!		ERROR:#DIV/0!

								Award Rate		30%		33%		0%		0%





2018

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		1077		1

		S2.03		1853		1				1

		S2.03		1933		1

		S2.03		3922		1

		S2.03		4163		1

		S2.03		4272		1

		S2.03		5162		1				1

		S2.03		5182		1

		S2.03		5682		1

		S2.03		7013		1				1				1

		S2.03		7643		1

		S2.03		9522		1

		S2.04		1031		1

		S2.04		1032		1				1				1

		S2.04		1158		1

		S2.04		1614				1

		S2.04		1783		1

		S2.04		1863		1

		S2.04		2042		1

		S2.04		2802				1

		S2.04		3953		1

		S2.04		4372		1				1

		S2.04		4822		1

		S2.04		4972		1				1

		S2.04		5032		1

		S2.04		5413		1

						24		2		6		0		2		0

						92%		8%		100%		0%		100%		0%

								Award Rate		25%		0%		33%		ERROR:#DIV/0!





2017

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		8565		1				1

		S2.03		8716		1				1

		S2.03		8723		1				1

		S2.03		8834		1

		S2.03		8837		1				1

		S2.03		9119		1

		S2.03		9500		1

		S2.03		9674		1				1				1

		S2.03		9933		1				1				1

		S2.03		9958		1				1

		S2.04		8407		1				1				1

		S2.04		8778		1				1				1

		S2.04		9141		1

		S2.04		9249		1

		S2.04		9520		1				1

		S2.04		9719		1

		S2.04		9989		1				1

						17		0		11		0		4		0

						100%		0%		100%		0%		100%		0%

								Award Rate		65%		ERROR:#DIV/0!		36%		ERROR:#DIV/0!





2016

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		7204		1

		S2.03		7499		1

		S2.03		7724		1

		S2.03		7856		1				1

		S2.03		8014		1				1				1

		S2.03		8338		1				1

		S2.03		8555				1

		S2.04		7642		1

		S2.04		7686		1				1

		S2.04		7737		1				1

		S2.04		7847		1

		S2.04		7893				1

		S2.04		7976		1				1				1

		S2.04		8306		1				1

		S2.04		8145		1

		S2.04		8556				1

						13		3		7		0		2		0

						81%		19%		100%		0%		100%		0%

								Award Rate		54%		0%		29%		ERROR:#DIV/0!





2015

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		8689		1

		S2.03		8703		1				1

		S2.03		8722		1

		S2.03		8737		1

		S2.03		8811		1

		S2.03		9125		1				1

		S2.03		9297		1				1

		S2.03		9591		1				1

		S2.03		9297				1

		S2.03		9591		1

		S2.03		9788		1

		S2.03		9856		1				1				1

		S2.04		8677		1

		S2.04		8738		1

		S2.04		8894		1

		S2.04		9193				1				1				1

		S2.04		9231		1

		S2.04		9249		1				1

		S2.04		9355		1				1

		S2.04		9666		1				1

		S2.04		9683		1				1				1

		S2.04		9706		1

		S2.04		9753		1

						21		2		9		1		2		1

						91%		9%		90%		10%		67%		33%

								Award Rate		43%		50%		22%		100%





2014

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		8954		1

		S2.03		8965		1				1

		S2.03		9217		1				1				1

		S2.04		8910				1

		S2.04		8910		1

		S2.04		8914		1				1

		S2.04		9255		1				1				1

		S2.04		9395		1

		S2.04		9405				1

		S2.04		9407		1				1

		S2.04		9445		1

		S2.04		9496		1

		S2.04		9504		1				1

		S2.04		9578		1

		S2.04		9960		1

						13		2		6		0		2		0

						87%		13%		100%		0%		100%		0%

								Award Rate		46%		0%		33%		ERROR:#DIV/0!





2012

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.03		8249		1				1				1

		S2.03		8464		1

		S2.03		8560		1

		S2.03		8635		1				1

		S2.03		8712		1

		S2.03		8879		1

		S2.03		8969		1

		S2.03		9111		1

		S2.03		9358		1				1

		S2.03		9887		1

		S2.04		8324		1

		S2.04		8360		1

		S2.04		8498		1

		S2.04		8558		1

		S2.04		8632		1

		S2.04		9077		1

		S2.04		9140		1

		S2.04		9253				1

		S2.04		9339		1

		S2.04		9423		1				1

		S2.04		9446		1				1				1

		S2.04		9475				1

		S2.04		9664		1

		S2.04		9807		1

		S2.04		9968		1				1				1

						23		2		6		0		3		0

						92%		8%		100%		0%		100%		0%

								Award Rate		26%		0%		50%		ERROR:#DIV/0!





2011

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.04		8273		1				1

		S2.04		8401				1

		S2.04		8472		1

		S2.04		8640		1

		S2.04		8762		1				1

		S2.04		8769		1

		S2.04		8946		1

		S2.04		9493		1

		S2.04		9684		1				1

		S2.04		9713		1

		S2.04		9735		1				1

		S2.04		9923		1

		S2.05		8333		1				1				1

		S2.05		8397		1

		S2.05		8398				1

		S2.05		8399				1

		S2.05		8726		1

		S2.05		8878		1				1

		S2.05		9090		1				1

		S2.05		9177		1

		S2.05		9375		1

		S2.05		9470		1

		S2.05		9682		1

		S2.05		9693		1

		S2.05		9935		1

						22		3		7		0		1		0

						88%		12%		100%		0%		100%		0%

								Award Rate		32%		0%		14%		ERROR:#DIV/0!





2010

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.04		8045		1

		S2.04		8302		1

		S2.04		8337		1				1

		S2.04		8628		1

		S2.04		8650		1

		S2.04		8758		1				1

		S2.04		8818		1

		S2.04		9186				1

		S2.04		9240		1

		S2.04		9269		1				1

		S2.04		9466		1				1

		S2.05		8362		1				1

		S2.05		8494		1				1

		S2.05		8599		1				1

		S2.05		8660		1

		S2.05		8669		1

		S2.05		8718		1

		S2.05		8826				1				1

		S2.05		8926		1				1				1

		S2.05		9211		1

		S2.05		9256				1				1

						18		3		8		2		1		0

						86%		14%		80%		20%		100%		0%

								Award Rate		44%		67%		13%		0%





2009

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.04		8107		1				1				1

		S2.04		8754		1

		S2.04		9341		1				1				1

		S2.05		8058		1

		S2.05		8418		1				1

		S2.05		8547		1

		S2.05		8780		1				1				1

		S2.05		9099		1

		S2.05		9304		1				1

		S2.05		9351		1

		S2.05		9386				1				1				1

		S2.05		9766		1

		S2.05		9767		1

		S2.05		9809		1				1

		S2.05		9813		1

		S2.05		9904		1

						15		1		6		1		3		1

						94%		6%		86%		14%		75%		25%

								Award Rate		40%		100%





2008

						P1 Submitted				P1 Selected				P2 Selected

		Subtopic		Proposal		Male		Female		Male		Female		Male		Female

		S2.04		9926		1				1				1

		S2.04		Energen		1

		S2.04		9748		1				1

		S2.04		9652		1				1

		S2.05		9323		1				1

		S2.05		Nanohmics		1

		S2.05		9876		1				1

		S2.05		8968		1

		S2.05		GMB		1

		S2.05		9001				1				1				1

		S2.05		8983		1				1				1

		S2.05		9938		1				1				1

		S2.05		8681		1				1				1

		S2.05		9500				1				1

						12		2		8		2		4		1

						86%		14%		80%		20%		80%		20%

								Award Rate		67%		100%		50%		50%







Any Questions?



NASA 2019 SBIR Subtopic: 

S2.03  “Advanced Optical Systems and 
Fabrication/Testing/Control Technologies for 

EUV/Optical and IR Telescope”

H. Philip Stahl, Ph.D.
Sub-Topic Manager



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.

To help justify the Optics SBIR Sub-Topics, please send to Ron 
Eng or myself a 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
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



SBIR Call for Proporsals
S2.03 has defined 6 ‘Scope’ Topics (sponsor ‘center’):
• Large UV/Optical (LUVOIR) and Habitale Exoplanet (HabEx) Missions 

(GSFC & MSFC)
• Optical Components & Systems for Infrared/Far-Infrared Missions (MSFC)
• Balloon Planetary Telescope (GRC)
• NIR LIDAR Beam Expander Telescope (LaRC)
• Low-Cost Compact Reflector for NIR/SWIR Optical Communications (GRC)
• Fabrication, Test and Control of Advanced Optical Systems (GSFC & MSFC)

Each scope topic has its own performance metrics and desired 
deliverable.

These are not exclusive – proposals addressing other problems are 
welcome.



S2.03 Introduction
Accomplishing NASA’s high-priority science at all levels (flagship, probe, mid-ex, sm-ex, rocket 
and balloon) requires low-cost, ultra-stable, normal incidence mirror systems with low mass-to-
collecting area ratios. Where a mirror system is defined as the mirror substrate, supporting 
structure, and associated actuation and thermal management systems. 

Subtopic solicits proposals for all relevant mirror system topics, including (but are not limited to):
• Large UV/Optical (LUVOIR) and Habitabe Exoplanet (HabEx) Missions
• Optical Components and Systems for Potential Infrared/Far-Infrared Missions
• Balloon Planetary Telescope
• NIR LIDAR Beam Expander Telescope
• Low-Cost Compact Reflector for NIR/SWIR Optical Communications
• Fabrication, Test and Control of Advanced Optical Systems

Each scope topic has its own performance metrics and desired deliverables.

Proposals must show an understanding of one or more relevant science needs, and present a 
feasible plan to develop the proposed technology for infusion into a NASA program: sub-orbital 
rocket or balloon; competed SMEX or MIDEX; or, Decadal class mission. 

Successful proposals will demonstrate ability to manufacture, test or control ultra-low-cost 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.



LUVOIR and HabEx
Potential UV/Optical missions require 4 to 16 meter monolithic or segmented primary mirrors with < 5 nm RMS surface figures. 
Active or passive alignment and control is required to achieve system level diffraction limited performance at wavelengths less 
than 500 nm (< 40 nm RMS wavefront error, WFE). Additionally, potential Exoplanet mission, using an internal coronagraph, 
requires total telescope wavefront stability on order of 10 pico-meters RMS per 10 minutes. This stability specification places 
severe constraints on the dynamic mechanical and thermal performance of 4 meter and larger telescope. Potential enabling 
technologies include:  active thermal control systems, ultra-stable mirror support structures, athermal telescope structures, athermal
mirror struts, ultra-stable low CTE/high-stability joints, and vibration compensation. 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. 150 kg/m2 for a 10 m fairing SLS). Regarding 
areal cost, a good goal is to keep the total cost of the primary mirror at or below $100M. Thus, an 8-m class mirror (with 50 m2 of 
collecting area) should have an areal cost of less than $2M/m2. And, a 16-m class mirror (with 200 m2 of collecting area) should 
have an areal cost of less than $0.5M/m2.

Key technologies to enable such a mirror include new and improved:
• Mirror substrate materials and/or architectural designs
• Processes to rapidly fabricate and test UVO quality mirrors
• Mirror support structures, joints and mechanisms that are athermal or zero CTE at the desired scale
• Mirror support structures, joints and mechanisms that are ultra-stable at the desired scale
• Mirror support structures with low-mass that can survive launch at the desired scale
• Mechanisms and sensors to align segmented mirrors to < 1 nm RMS precisions
• Thermal control (< 1 mK) to reduce wavefront stability to < 10 pm RMS per 10 min
• Dynamic isolation (> 140 dB) to reduce wavefront stability to < 10 pm RMS per 10 min

Also needed is ability to fully characterize surface errors and predict optical performance via integrated opto-mechanical modeling. 
Potential solutions for substrate material/architecture include, but are not limited to: ultra-uniform low CTE glasses, silicon 
carbide, nanolaminates or carbon-fiber reinforced polymer. Potential solutions for mirror support structure material/architecture 
include, but are not limited to: additive manufacturing, nature inspired architectures, nano-particle composites, carbon fiber, 
graphite composite, ceramic or SiC materials, etc. Potential solutions for new fabrication processes include, but are not limited to: 
additive manufacture, 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 components. Potential solutions for achieving the 
10 pico-meter wavefront stability include, but are not limited to: metrology, passive, and active control for optical alignment and 
mirror phasing; active vibration isolation; metrology, passive, and active thermal control.



Infrared/Far-Infrared Missions
Goal is to take advantage of relaxed tolerances from long wavelength (30 
micrometer) diffraction-limited performance in the fully-integrated optical 
telescope assembly to minimize the total mission cost through innovative 
design and material choices and novel approaches to fabrication, integration, 
and performance verification.
Requirements:

• Telescope operating temperature ~4 K
• Aperture Diameter 1 to 4 meters
• Telescope diffraction-limited at 30 microns at the operating temperature
• Mirror survivability at temperatures ranging from 315 K to 4 K
• Mirror substrate thermal conductivity at 4 K > 2 W/m*K
• Zero or low CTE mismatch between mirror substrate and backplane

Success metrics:
• Areal cost < $500K/m2
• Areal density < 15 kg/m2 (< 40 kg/m2 with backplane)
• Production rate > 2 m2 per month
• Short time span for optical system integration and test



Balloon Telescope
Balloon platforms offers advantages for planetary science. At cruise altitudes (100,000 to 130,000 ft.), 99%+ of 
the atmospheric is below the balloon and the attenuation due to the remaining atmosphere is small, especially in 
near UV and IR bands near 2.7 and 4.25 µm.
Specifications:

Diameter > 1 meter
Diffraction Limit < 500 nm
Telescope System Focal Length 14 meter (nominal)
Primary Mirror Radius of Curvature 3 meter (nominal)
Telescope Mass < 300 kg
Primary Mirror Mass < 150 kg
Shock 10G without damage
Elevation 0 to 60 degrees
Temperature 220 to 280 K
Spectral Range 300 nm to 5 micrometers

SOA Zerodur or ULE mirrors require light weighting to meet mass limitations, and cannot meet diffraction 
limited performance over the wide temperature range due to the coefficient of thermal expansion limitations.  
Phase I will produce a preliminary design including requirements such as wave-front error budget, mass 
allocation budget, structural stiffness requirements, etc. and analysis that compares the design to the expected 
performance over the specified operating range. Development challenges shall be identified during phase I 
including trade studies and challenges to be addressed during Phase II with subsystem proof of concept 
demonstration hardware.  
For additional information, refer to “Planetary Balloon-Based Science Platform Evaluation and Program 
Implementation - Final Report,” Dankanich et. al. (NASA/TM-2016-218870, available from 
https://ntrs.nasa.gov/)



NIR LIDAR Beam Expander Telescope 
Airborne coherent LIDAR missions need compact 15-cm diameter 20X magnification beam expander 
telescopes. Potential space based coherent LIDAR missions need at least 50-cm 65X magnification beam 
expander telescopes. Candidate coherent LIDAR systems (operating with a pulsed 2-micrometer laser) 
have a narrow, almost diffraction limited field of view, close to 0.8 lambda/D half angle. Aberrations, 
especially spherical aberration, in the optical telescope can decrease the signal. Additionally, the 
telescope beam expander should maintain the laser beam’s circular polarization. The incumbent telescope 
technology is a Dahl-Kirkham beam expander. Technology advance is needed to make the beam 
expander more compact with less mass while retaining optical performance, and to demonstrate the larger 
diameter. Additionally, technology for non-moving scanning of the beam expander output is needed.
SOA is a COTS beam expander with a 15-cm diameter primary mirror, a heavy aluminum structure, an 
Invar rod providing thermally insensitive primary-to-secondary mirror separation, and a manually 
adjustable and lockable variable focus setting by changing the mirror separation. 
Critical gaps include
1) 50-70 cm diameter primary mirror beam expander that features near-diffraction limited 

performance, low mass design, minimal aberrations with an emphasis on spherical, characterization 
of the polarization changes vs. beam cross section assuming input circular polarization, a lockable 
electronic focus adjustment, both built-in and removable fiducial aids for aligning the input laser 
beam to the optical axis, and a path to space qualification; and 

2) 15-cm diameter primary mirror beam expander with the same features for airborne coherent lidar.
Desired Deliverables: Detailed design or a small prototype or a full-sized beam expander.



Low-Cost Compact Reflector for Optical Communications 
The need exists for a low cost methodology to produce compact (for ex., cubeSAT-class), scalable, 

diffraction limited, athermalized, off-axis reflective-type, optics for NIR/SWIR-band communication 
applications. Typically, specialty optical aperture systems are designed and built as “one-offs” which 
are inherently high in cost and often out of scope for smaller projects. A Phase I would investigate 
current compact off-axis reflective designs and develop a trade space to identify the most effective 
path forward. The work would include a strategy for aperture diameter scalability, athermalization, 
and low cost fabrication. Detailed optical designs would be developed along with detailed structural, 
thermal, optical performances (STOP) analyses confirming diffraction limited operation across a 
wide range of operational disturbances, both structural dynamic and thermal. Commercial of the 
shelf (COTS) NIR/SWIR optical communication support hardware should be assumed towards an 
integrated approach, including fiber optics, fast steering mirrors, and applicable detectors. Phase II 
may follow up with development of prototypes, built at multiple aperture diameters and fidelities.

Desired Deliverables Description: Prototype unobscured telescope with the required scale size

State of the Art and Critical Gaps
Currently, the state of the art for reflective optical system for communications applications are:
1) On-axis or axisymmetric designs are typically used for (space) optical comm and imaging, which 

inherently are problematic due to the central obscuration.
2) Off-axis designs provide superior optical performance due to the clear aperture, however, are rarely 

considered due to complex design, manufacturing, and metrology procedures needed.

Optical Communication enable high data-rate downlink of science data. The initial motivation for this 
scalable off-axis optical design approach is for bringing high-performance reflective optics within 
reach of laser communication projects with limited resources. However, this exact optical hardware 
is applicable for any diffraction limited, athermalized, science imaging applications. Any science 
mission could potentially be able to select from a “catalog” of optical aperture systems that would 
already have (flight) heritage and reduced risks.



Fabrication, Test and Control of Advanced Optical Systems 
Future UV/Optical/NIR telescopes require mirror systems that are very precise and ultra-stable. 

• Proposals are encouraged to develop technology which advances ability to non-destructively characterize CTE 
homogeneity in 4-m class Zerodur and 2-m class ULE mirror substrates to an uncertainty of 1 ppb/K and a spatial 
sampling of 100 x 100.  This characterization capability is needed  to select mirror substrates before they undergo 
the expense of turning them into a light-weight space mirror. 

• Proposals are encouraged for system technologies for achieving ultra-stable wavefronts of < 10 pm RMS over 
intervals of ~10 minutes.  Potential solutions include new technologies for wavefront sensing and control, 
metrology, and verification and validation of optical system wavefront stability. 

• New sensing methods may include: new techniques of using out-of-band light to improve sensing speed and 
spatial frequency content, new control laws incorporating feedback and feedforward for more optimal control, 
new algorithms for estimating absolute and relative wavefront changes, and the use of artificial guide stars for 
improved sensing signal to noise ratio and speed. 

• New metrology methods may include edge sensors (capacitive, inductive, or optical) for maintaining segment 
cophasing, and laser distance interferometers for absolute measurement of system rigid body alignment. 
Development of these techniques to improve sensitivity, speed, and component reliability is desired. Low 
power, high-reliability electronics are also needed. 

• Finally, techniques are needed for system verification and validation at the picometer level during integration 
and test (I&T). 

An ideal Phase 1 deliverable would be a prototype demonstration of a fabrication, test or control technology leading to a 
successful Phase 2 delivery; or a reviewed preliminary design and manufacturing plan which demonstrates feasibility. 
While detailed analysis will be conducted in Phase 2, the preliminary design should address how optical, mechanical 
(static and dynamic) and thermal designs and performance analysis will be done to show compliance with all 
requirements. Past experience or technology demonstrations which support the design and manufacturing plans will be 
given appropriate weight in the evaluation.

An ideal Phase 2 project would further advance the technology to produce a flight-qualifiable relevant sub-component 
(with a TRL in the 4 to 5 range); or a working fabrication, test or control system. 



Any Questions?
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