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Of Mice and Materials: 
Payoffs of UNSGC Research Infrastructure Awards

Utah NASA Space Grant Consortium Annual Meeting
Weber State University

May 8, 2017

J.R. Dennison

Materials Physics Group
Physics Department, Utah State University



To paraphrase Douglas Adams, “Space
is [harsh]. You just won’t believe how
vastly, hugely, mind-bogglingly [harsh]
it is.”

Interactions with this harsh space
environment can modify materials and
cause unforeseen and detrimental
effects to spacecraft.

Presenter
Presentation Notes
To paraphrase Douglas Adams,1 “Space is [harsh]. You just won’t believe how vastly, hugely, mind-bogglingly [harsh] it is.” Interactions with this harsh space environment can modify materials and cause unforeseen and detrimental effects to spacecrafts. 2,3 If these are severe enough the spacecraft will not operate as designed or in extreme case may fail altogether. 2,4 Environmentally-induced problems are dominated by spacecraft charging3,5,6 and single-event interrupts . 2,10 Exposure to higher fluence radiation UV7,8 and radiation7,9,10 can generate atomic scale defects in materials leading to changes in the optical, electrical, and mechanical properties. Alternately, temperature fluctuation, 11 charged particle flux, 12 contamination,13,14 or surface modifications15,16 can lead to materials modifications and changes in optical, thermal, and charging properties of the materials. 17 The evolution of the charging, discharging, electron transport, and arcing properties of surface and bulk materials as a result of prolonged exposure to the space environment has been identified as one of the critical areas of research in spacecraft charging. 18 Further, materials modifications can change the satellite environment, leading to feedback mechanisms for further spacecraft responses. 17 
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Presenter
Presentation Notes
The harsh space environment can modify materials and cause detrimental effects to satellites. To predict and mitigate these deleterious effects, ideally a full spacecraft would be tested in all applicable space environments [1]. Because this is not practical, the ability to accurately simulate space environment effects through long-duration, well-characterized testing in an accelerated, versatile laboratory environment becomes key. 



Facilities & Capabilities 

Sample Characterization & Preparation
• Bulk composition (AA, IPC).
• Surface contamination (AES, AES mapping ESD).
• Surface morphology (SEM, optical microscopy).

Conduction Related Properties:
• Bulk & surface conductivity.
• High resistivity testing.
• Capacitance, dielectric constant, charge decay 
monitoring, and electrostatic discharge.

Electron Induced Emission:
• Total, secondary and backscattered yield vs. incident 
energy and angle.
• Energy-,  angle-resolved emission spectra.
• Cathodoluminescence

Ion Induced Emission:
• Total electron and ion yield versus incident energy and 
angle.

Photon Induced Emission:
• Total electron yield vs photon energy.
• Energy-angle resolved photoelectron yield cross-
sections.

Electron Induced Arcing:

• Four ultrahigh vacuum chambers for electron emission tests equipped with electron, ion, 
and photon sources, detectors, and surface analysis capabilities. 
• Two high vacuum chambers for resistivity tests. 
• High vacuum chamber for electrostatic breakdown tests.
• Ultrahigh vacuum chamber for pulsed electro acoustic  measurements of internal charge 
distributions.

Complex dynamic interplay between space environment, satellite 
motion, and materials properties

Presenter
Presentation Notes
First, let me briefly describe the instrumentation used at USU to study electron emission from insulators.

Three vacuum chambers equipped with electron, ion, and photon sources, detectors, and surface analysis capabilities.  Extensive space environment simulation capabilities.

UHV chamber for electron, ion and photon electron emission yields and emission spectra.
UHV chamber for angle resolved emission spectra.
Charge Storage chamber for thin film insulator resitivity measurements. 

(Right) UHV chamber for electron, ion, and photon electron emission yields and emission spectra with extensive surface analysis capabilities.  (Top Left)  Sample stage visible through vacuum port.  (Bottom Left) Sample stage and retarding field detector.  Sample stage holds 11 samples that can be positioned before various sources and detectors and is detachable for rapid take out and changes.

Electron emission (yield) measurements are performed in a UHV chamber for cleanliness (< 10-8 Torr).

11-sample carousel allows multiple-sample measurements between vacuum breaks.
Hemispherical detector features an aperture for incident electron/ion admission, a fully-encasing hemispherical collector for full capturing of emitted electrons, a retarding-field grid (RFG) for emitted-electron energy discrimination.
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USU Space Survivability Test Chamber Utah NASA Space Grant Consortium Faculty
Research Infrastructure Award Program, “Space
Survivability Test Facility for CubeSats,
Components and Spacecraft Materials,” JR
Dennison, (April 2016 to April 2017.

Presenter
Presentation Notes


(RIGHT)  SST Chamber using UV/Vis/NIR Solar simulator to expose cubesat components.
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Simulated Space Environment Fluxes Electron Radiation
A high energy (~10-80 keV) and three lower energy (~10 eV to 5 keV) electron guns
provide high electron fluxes.

Ionizing Radiation
A 100 mCi encapsulated Sr90 β-radiation source (~200 keV to >2.5 MeV) mimics high
energy (~500 keV to 2.5 MeV) geostationary electron flux [2].

Infrared/Visible/Ultraviolet Flux
A commercial Class AAA solar simulator provides NIR/Vis/UVA/UVB electromagnetic
radiation (from 200 nm to 1700 nm) at up to 4 times sun equivalent intensity.

Far Ultraviolet Flux
Kr resonance lamps provide FUV radiation flux (ranging from 10 to 200 nm) at 4X sun
equivalent intensity. Kr bulbs have ~3 month lifetimes for long duration studies.

Temperature Control
Temperature range from 60 K [4] to 450 K is maintained to ±2 K [3]. This is achieved
through cartridge heaters, and chilled fluid pumped through a cold plate.

Controlled Atmosphere and Vacuum
Ultrahigh vacuum chamber allows for pressures <10-7 Pa to simulate LEO.

Video Discharge Monitoring
Using custom developed software, live video capture and processing of electrostatic
discharge events allows for visual identification of discharge location and frequency.

Flexible Sample Mounting
A rotating graphite carousel, ensures uniform irradiation and allows for custom
mounting of samples. Or a flange mounted fixture allows for electrostatic discharge
testing. Radiation source to sample distance is adjustable.

Biological Testing
Biological samples, which are vacuum incompatible, can use a custom designed
chamber with controlled atmosphere and temperature.

Presenter
Presentation Notes
The SST chamber simulates several critical characteristics of the space environment: electron flux, ionizing radiation, photon flux, temperature and neutral gas environment.  Fig. 3 show representative electron spectral fluxes for several common environments and the solar UV/Vis/NIR. The energy range of electron, ionizing radiation, and photon sources are shown above these graphs.  

(Left). Representative space electron flux spectra for geostationary earth orbit, solar wind at the mean earth orbital distance, plasma sheet environment, maximum aurora environment, and low earth orbit.  (Right) UV/Vis/NIR solar spectrum. Energy ranges for electron and photon sources and the Sr90 beta radiation source are also shown. 





SST Chamber Components Developed Under UNSGC Infrastructure Award
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High frequency RF antenna dielectric
components used on
telecommunications satellites were
tested in orbital conditions.
Electrostatic discharge events induced
by β-radiation were monitored and
characterized using both video and
current monitoring to identify the
frequency, location, and magnitude of
discharges. Effect of temperature (~10
⁰C to 60 ⁰C) on discharge
characteristics was tested over a full
orbital cycles of several days.
Funded by ViaSat.

Telecommunications Component Viability

Irradiation tests of electron transport properties of PEEK materials for NASA Europa Clipper Mission.
Funded--NASA JPL

VUV degradation of communications satellite antennas and thermal control coatings. Funded--
Proprietary space industry funding.



High performance RF communications
cabling underwent accelerated testing
simulating the duration of a full multi-year
mission. In-Situ permittivity
characterization was performed to
understand the long-term cumulative
effects of β-radiation on cable properties
including frequency response and power
loss. Additionally, electrostatic discharge
was monitored and characterized using
video and current monitoring. This
provided understanding of charge
accumulation and discharge induced by β-
radiation within the samples.
Funded by Times Microwave.

Mission Lifetime Survivability of Space Grade Electronic Components

Testing of New Spacecraft Propulsion Engineering Designs Equipment to be flown on a Terrier 
Malamute rocket to test hybrid thruster designs. Proposed by USU Engineering Department in 
conjuncture with a NASA Undergraduate Student Instrument Project (USIP).



Microcontrollers are essential satellite
components, but radiation hardened
electronics can be prohibitively expensive for
CubeSat missions. Testing of economical
Commercial-Off-The-Shelf (COTS) electronic
components is necessary to determine their
viability for replacing radiation hardened
electronics. Tests showed that the Arduino
ceased to function properly functioning after
~250 Gy exposure.
USU Physics Senior Project.

Microcontroller Radiation Hardening

β radiation TID effects on electronic components.
Funded-- Space Dynamics Lab.
Funds Pending--Proprietary Space Flight Industry.
Project Proposed--SparkFun
Radiation induced conductivity (RIC) of perovskite dielectric materials by total ionizing dose (TID). 
Funding  pending from DOE Sandia National Labs.



Radish seeds flown on the Russian
BION-M1 mission were observed by
Logan High School students to have
faster germination rates than control,
ground based radish seeds. Seeds
were tested in the SST to test if
radiation was the cause of this
change in germination rate. A
biological test chamber, designed by
University Tsukuba students, housed
the seeds in a controlled atmosphere
for safe testing in the SST vacuum.
Partial funding through the DoEd
USUStars Gear Up Program. Partial
funding through the Japan Tsukuba
University Student Space
Collaboration Program.

Viability of Plant Growth in Space

NASA: Proposals for the Russian Bion-M2 Mission with USU MPG, 
USUStars Grear Up Program, and Tsukuba University. 

Presenter
Presentation Notes
Figure. BION-M1 Mission shuttle and rocket




In-Vitro tests of muscles cells irradiated in
the SST and biological test chamber have
been . The effects of radiation on muscle
cells will progress work in cardiovascular
disease and degenerative tissue risks from
space radiation. Partially Funded by
UNSGC Graduate Fellowship.

Space Environment Effects on Muscle and Skeletal Cells

A collaborative follow-on will support further development of the physiological effects of ionizing
radiation. 2017 UNSGC Infrastructure award for Elizabeth Vargas in USU Bioengineering.

Elizabeth Vargis, JR Dennison, Jon Takemoto, “Optimized Cardiac Tissue Models to Evaluate
Countermeasures to Weightlessness and Spaceflight Radiation”. In preparation. NASA Space
Radiobiology and Human Health Countermeasures Topics.

Presenter
Presentation Notes
Figure. Mouse muscle cells before irradiation (far left), and after irradiation (left: 10 Gy, mid: 20 Gy, Right: 50 Gy) 




Related Funding and Publications
RESEARCH FUNDING 
Pending Funding 
SpaceX, “UV Degradation of SpaceX Thermal Control Materials,” JR Dennison, ($20,863, April 2017 to February 2018). 
SpaceX, “Electron Emission Studies of SpaceX Coating Materials,” JR Dennison, ($9,481, July 2017 to February 2018). 
SpaceX, “Electron Transport Studies of Space X Coating Materials,” JR Dennison, ($14,261, June 2017 to December 2017). 
 
Current and Recent Funding 
Utah NASA Space Grant Consortium Faculty Research Infrastructure Award Program, “Effects of Space Ionizing Radiation on Cell 

Viability,” Elizabeth Vargas with JR Dennison, ($20,000, April 2017 to April 2018. 
Air Force Office of Scientific Research, Defense University Research Instrumentation Program (DURIP), “Enhanced Test Facility 

for Survivability and Characterization of Evolving Multiscale Materials in Extreme Plasma Environments,” JR Dennison, 
($498,869, January 2017-to December 2019). 

Space Dynamics Laboratory IR&D, “Radiation Modification of Space Flight CCD Array,” JR Dennison, ($8,450, July 2016 to March 
2017). 

ViaSat, “Simulated Space Radiation Effects on Spacecraft Components: Phase I and II,” JR Dennison, ($76,191, May 2016 to 
December 2016); Phase III,” JR Dennison, ($38,403, October 2016 to February 2017). 

Lockheed Martin, “Electron Emission Studies of Orion Backshell Materials,” JR Dennison, ($24,000, May 2016 to April 2017). 
Utah NASA Space Grant Consortium Faculty Research Infrastructure Award Program, “Space Survivability Test Facility for 

CubeSats, Components and Spacecraft Materials,” JR Dennison, ($20,931, April 2016 to April 2017. 
Times Microwave Systems, “Deep charging effects of GEOS environment on coaxial cable,” JR Dennison, ($35,593, May 2016 to 

December 2017). 
 
STUDENT FUNDING:  
USU Undergraduate Research and Creative Opportunities (URCO), ” Temperature Dependence of Electrostatic Breakdown in Highly 

Disordered Polymers,” ($2,000, January 2017 to June 2017) [for Trevor Kippen with Allen Andersen and J.R. Dennison]. 
USU Undergraduate Research and Creative Opportunities (URCO), ”Degradation Effects of Ionizing Radiation on Commercially 

Available Spacecraft Components,” ($2,350, June 2016 to December 2016) [for Alex Souvall with Greg Wilson and J.R. Dennison]. 
NASA Utah Space Grant Consortium Graduate Student Fellowship, “Multilayer Models of Electron Emission and Charge Transport 

with Spacecraft Charging Applications.” ($30,000, September 2015 to August 2016) [for Greg Wilson with J.R. Dennison]. 
 
Past Funding 
NASA Utah Space Grant Consortium Graduate Student Fellowship, “Electron Yield Measurements of High-Yield Low Conductivity 

Dielectric Materials.” ($15,000, September 2015 to August 2016) [for Justin Christensen with J.R. Dennison]. 
USU Physics Department Undergraduate Student Summer Research Internship, “Development and Applications for the Space 

Survivability Test Chamber.” ($2,000, May 2015 to August 2015) [for Heather Tippets with J.R. Dennison].  
 

RELATED PUBLICATIONS 
Greg Wilson and JR Dennison, “Hemispherical Grid Retarding Field Analyzer 

Redesign for Secondary Electron Emission Studies,” Proceedings of the 
Utah NASA Space Grant Consortium Research Symposium, May 8, 2017, 
Weber State University, Ogden, UT, 9 pp. 

Robert H. Johnson, Lisa D. Montierth, JR Dennison, James S. Dyer, and Ethan 
Lindstrom, “Small Scale Simulation Chamber for Space Environment 
Survivability Testing,” IEEE Trans. on Plasma Sci., 41(12), 2013, 3453-
3458.  

JR Dennison, Kent Hartley, Lisa Montierth Phillipps, Justin Dekany, James S. 
Dyer, and Robert H. Johnson, “Small Satellite Space Environments Effects 
Test Facility,” Proceedings of the 28th Annual AIAA/USU Conference on 
Small Satellites, (Logan, UT, August 2-7, 2014), 7pp. 

Robert H. Johnson, Lisa D. Montierth, JR Dennison, James S. Dyer, and Ethan 
Lindstrom, “Small Scale Simulation Chamber for Space Environment 
Survivability Testing,” Proceedings of the 12th Spacecraft Charging 
Technology Conference, (Kitakyushu, Japan, May 14-18, 2012), 6 pp.  

JR Dennison, John Prebola, Amberly Evans, Danielle Fullmer, Joshua L. 
Hodges, Dustin H. Crider and Daniel S. Crews, “Comparison of Flight and 
Ground Tests of Environmental Degradation of MISSE-6 SUSpECS 
Materials,” Proceedings of the 11th Spacecraft Charging Technology 
Conference, (Albuquerque, NM, September 20-24, 2010), 12 pp.  

Amberly Evans and JR Dennison, “The Effects of Surface Modification on 
Spacecraft Charging Parameters,” Proceedings of the 11th Spacecraft 
Charging Technology Conference, (Albuquerque, NM, September 20-24, 
2010), 5 pp.  
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Presenter
Presentation Notes
The Materials Physics Group has had an active research effort for the last dozen years studying spacecraft charging, the accumulation and dissipation of charge in materials resulting from their interaction with the space environment.  Our colloquium discusses this important practical application from a more basic science viewpoint, in terms of the interaction of energetic beams with materials and the transport of electrons through and out of the materials.  Ultimately we try to relate these processes to the exchange of energy from incident particles to electrons in the material at a basic quantum-level description of solid state interactions.  In particular, we will describe a number of experimental studies of electron emission and conduction from a wide array of materials.  Of particular interest are our most recent studies of charge accumulation and dissipation in highly insulating materials.  These studies involve novel techniques and instrumentation developed at USU to understand how internal distributions of accumulated charge effect subsequent electron emission and conductivity.
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leads the Materials Physics Group. He has worked in
the area of electron scattering for his entire career
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charging for the last two decades.
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