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CASIS - Center for the Advancement of Science in Space 
Non-Profit Operator of the ISS National Lab

Many opportunities for synergy between portfolios
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§ Objective 1:  Development of ODME 
capabilities for microgravity manufacturing
o ISS demo– FabLab with Advanced Toolplate

§ Objective 2:  Development of electronics 
devices sensors for in-space manufacturing
• Primarily for Use In Space

Additively-printed CO2 Sensor

Plant growth strain 
sensor

Crew Health Wearable 
Wireless Sensor





• SEADS research awards for focused topics
• Continuation and parallel awards in InSPA
• NASA Internal Parallel and Focused Research in Advanced 

Manufacturing

Technology Maturation through:

• SEADS research awards with specific workforce 
development

• Partnerships and awards with Universities focused on 
workforce development

Workforce Development through:

• CLD Support and Collaboration
• Additional Transportation support

LEO Infrastructure Development through:

SEADS – Space-Enabled Advanced Devices & Semiconductors
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SEADS Phase 1a – Modelling and Sim, Ground Fab and Printing

SEADS Phase 1b – Flight Campaign for proof of concept

SEADS Phase 2 – ISS Demo iterations

SEADS Phase 3 – CLD Demo

SEADS – Space-Enabled Advanced Devices & Semiconductors



Macromolecules (Organic) Space Results
• 79% of experiments showed improved uniformity

• 83% of experiments showed improved structure 78% 
of experiments grew larger crystals

• 78% of experiments showed improved resolution

• 76% of experiments had improved mosaicity

Inorganics
• 79% of experiments showed improved uniformity
• 75% of experiments showed improved structure
• 70% of experiments grew larger crystals

Macromolecules & Inorganics
• 79 of all experiments showed improved  

uniformity
• 75% of all experiments grew larger crystals

• 81% of all experiments showed improvement in structure

Semiconductors
• 83% of experiments showed improved uniformity

• 89% of experiments showed improvement in structure
• 47% of experiments grew larger crystals

Overall
• 90% of all crystals improved in at least one  metric 

• 74% showed improvement in two, and  

• 49% showed improvement in three or more

Source: Butler University Study for NASA InSPA 



Semiconductor Specific Investigations*:

• 2.2x the diameter

• 100-1000x fewer defects

• Up to 2x the growth speed

*Analysis of database performed by Dr. Jessica Frick/Stanford University
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µgg

+ =

120% increase in 
area

>90%

>150% increase in product

µgg

Translation into an Earth-based application…

(1) 2.2x increase in crystal size (2) 10-1000x fewer defects

(3) Uniform dopant distribution

Other potential benefits include:

• Extended product lifetime
• Increase in solar efficiency
• Wider operating ranges

<80%*

>10% increase in 
usable volume
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Ref. Mission Year Process Temp. Process Time

Nuc. Instrum. Methods Phys. Res. A283 (1989) 363-369 Spacelab D-1 1985 1050 °C 21 hours

J. Mater. Res., Vol. 17, No. 12, 2002 STS-95 1998 1170 °C 26 hours

IEEE Nucl. Sci. Symp. Conf. Rec. (2008) R05-5, 122-125 Foton-M3 2007 1175 °C 12 hours

20 mm

µg

g

(1) Crystal Size (2) Defect Concentration (3) Dopant Content & Density

Summary of Results
(1) 2.2x increase in crystal size
(2) 10-1000x fewer defects
(3) Uniform dopant distribution



Semiconductor chip performance improvement and cost 
reduction from microgravity processing which should:

• Provide better trench filling and avoid voiding (defect-reduction) in 
pattern structures by inkjet printing.

• Enable the mask-free and etching-free process for 3-dimensional 
memory and advanced devices due to thinner printing in 
microgravity environment.



Mask-free / Etching-free

High Fabrication Efficiency

Cost Reduction

High Density / High 
Performance

Chemical Vapor Deposition (CVD) 

Borophosphosilicate glass

Inkjet Printing Technology in uG 

High Density Plasma (HDP-CVD)

Phosphosilicate Glass Undoped Silicate Glass



• Benefits of microgravity for ink formulation
o Under microgravity, risks of ink agglomeration are minimized 
o Increase of silver loading from 35% to 50%
o Micro-structures of printed patterns: fewer pores and denser
o Electrical performance: 50% loading is ~two times bulk silver

• Benefits of microgravity for EHD printing process
o For ground-test, higher voltage = increased feature size
o Under 0-G, apply higher voltage yields a significant reduction of 

printed line width – increased feature resolution

For future devices:
o higher-resolution � improved manufacturability of complex 

structures � increased electrical performance of devices 



Modelling and 
Simulation

Jan-May 2023

• NRA and NLRA White Papers
• Analysis of Technical Approach
• Design & Prep Flight 

Experiments

Ground Fabrication 
of Devices and 

Printing
Mar-July 2023

• Design of Device and Stackup (NAU)
• Fabrication of Device and Stackup (TEL)
• Inkjet Material Selection and Printing

Flight 
Campaign 
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Aug 2023
• Flight Test of Initial 

Designs for Optimization
• Demo Multiple Patterns

Flight 
Campaign 

2
Late 2023

• Print Multiple 
Patterns

• Optimize EHD inks 
& parameters

ISS 
Microgravity

Demo

TBD

• Iterate till optimized
• Demo and Optimize 

Entire Fabrication 
Process

CLD 
Commercial 

Mfg
Demo

TBD

• Full Process 
Commercial Demo

PHASE 1 PHASE 2

PHASE 3 PHASE 4



Building and expanding on 
research efforts in areas 
that include:

AI-enabled design and modeling
Sustainable semiconductor 
manufacturing and materials 
development
Heterogeneous integration and 
packaging
Nanolithography

Establishing state-wide and regional 
academic – university – college 
partnerships in workforce 
development

Supporting a semiconductor 
technology innovation ecosystem
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What’s Next?

Let’s look at the intersection of 
microgravity and semiconductors more 
closely … together.

NASA and CASIS are investigating 
implementation options. 

We are looking to work with NIST and the 
broader Space and Semiconductor 
communities to develop strategies for in-
space manufacturing and encourage 
collaborations and consortia to accelerate 
progress and inform priorities.


