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Utah State University

The Space Environment Effects Materials (SEEM)
test facility operated by the Utah State University
Materials Physics Group (MPG) is a leading
research center for the study of space environment
effects on aerospace materials. The MPG performs
state-of-the-art ground-based testing of electrical
charging and electron transport properties of both
conducting and insulating materials, emphasizing
studies of electron emission, conductivity,
luminescence, and electrostatic discharge in nine
custom vacuum test chambers. Our efforts in this
field over more than two decades—in cooperation
with NASA, AFOSR, and numerous aerospace
companies—have been primarily motivated by the
space community’s concern for charging of crafts
caused by plasma environment fluxes and for
radiation modification and damage of materials and
components. We have studied how variations in
temperature, accumulated charge, exposure time,
contamination, surface modification, radiation dose
rate and cumulative dose affect these electrical
properties—or related changes in structural,
mechanical, thermal and optical properties—of

materials and systems. Our research also has direct
application to high voltage direct current (HVDC)
power and transmission lines, high voltage power
and switching devices, accelerator physics, plasma
deposition, super capacitors, semiconductor metal-
oxide interfaces, and nanodielectrics.
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Research Projects & Collaborations

The MPG has been actively involved in more than 50
projects with external funding over the last two decades
related to space environment effects. Our
interdisciplinary research projects have involved
collaborations with numerous space agencies, aerospace
corporations and academic institutions, including:

« NASA and Air Force Space Environments Effects
Programs.

* NASA Centers (GRC, GSFC, JPL, JSC, LaRC, MSFC),

» Utah NASA Space Grant Consortium.

e AFOSR, AFRL Spacecraft Charging & Instrument
Calibration Lab, AFRL Space Weather Center of
Excellence, Arnold AFB Engineer Development Center,

» European and Asian Space Agencies (ESA, ESTEC,
CNES, ONERA, LAPLACE, ICMM, JAXA, SKLEIPE),

» DOE Centers (Sandia National Laboratory, Idaho National
Laboratory Center for Space Nuclear Research),

» Johns Hopkins Applied Physics Laboratory,

» Berkeley Applied Space Laboratory.

« Utah State University Space Dynamics Laboratory,

« Aerospace Companies (Aerospace Corporation, ATK,
Ball, Boeing, DPL Science, Electro Magnetic Applications,
Lockheed Martin, Northrop Grumman, Orbital, SAIC,
Times Microwave, Vanguard Space Technologies,
ViaSat),

* SBIR projects (Ashwin, Advanced Scientific, Applied
Sciences, Box Elder Innovations, Nokomis, Sienna
Technologies).

These ventures have studied both basic science and
specific effects and mitigation strategies in a wide
variety of extreme environments, each of which present
their own unique sets of issues and materials, including:

e Low Earth Orbit (Satellites, CubeSats, FPMU, ISS,
MISSE, OPAL),

e Geosynchronous Earth Orbit (Communication Satellites,
CRRES/IDM, GOES, Landsat LCDM),

e Polar Orbit (DICE, Radiation Belt Space Probes,
Communications Satellites, CubeSats),

e L1 and L2 (James Webb Space Telescope, DSCOVR),

» Near-solar (Solar Probe Mission, Parker Solar Probe),

e Lunar and Martian (Dust Mitigation, Orion),

* Jovian (Europa Clipper, Europa Lander,
Prometheus, Solar Probe Mission, SIRSE),

* Interplanetary (Solar Sails, Solar Probe Mission, Parker
Solar Probe, Europa Clipper).

JUNO,

For further information contact:

JR Dennison
Professor of Physics
4415 Old Main Hill
Utah State University
Logan, UT 84322 USA

Phone: (435) 797-2936

FAX: (435) 797-2492

Email: JR.Dennison@usu.edu
URL: www.physics.usu.edu/



http://www.physics.usu.edu/
http://digitalcommons.usu.edu/mp/

Electron

studies  for
electrons, ions and
photons, with precision
absolute

conductors,
ductors, insulators and
extreme insulators [12].

Utah State University Space Environments Effects Materials (SEEM) Test Facilities

Electron Emission

emission
incident

yields  of
semicon-

Measurements include:

Total / Secondary / Backscattered Electron
Emission using <20 eV to 80 keV
monoenergetic pulsed beams with <5% absolute
uncertainty [2,12,17,20].

Electron Emission Spectra versus energy (0-
5 keV with ~0.1 eV resolution) and angle [ 12].
lon-Induced Electron Emission spectra and
yields for various <300 eV to 5 keV mono-
energetic inert and reactive ions.
Photon-Induced Electron Emission spectra
and vyields for <0.6 to >6.5 eV (165-2000 nm)
mono-chromated photons plus 10 eV near-H
Lyman-a source.

Surface Voltage simultaneous measurements
of 0-10 kV with <0.2 eV resolution [11,17].
Induced Electrostatic Breakdown
simultaneous current, NIR/VIS/UV, & RF
measurements [18].

Temperature capabilities from <60 to >450 K

[3,19]. (Higher temperatures under development)

Cathodoluminescence

Absolute intensity and low
level electron-induced
luminescence spectra.

e Spectra 0.8-6.0eVor
200-1700 nm with <0.1
nm resolution [13,14].

 Temperature
capabilities from <60
K to >450 K [3,14].

e Charging and Saturation studies [13,14].

Conductivity & Charge Transport

Conductivity and charge
transport
conductors,
ductors, insulators and
extreme insulators.

Measurements include:

studies  for
semicon-

Bulk and surface
conductivity using
constant voltage and
charge storage
methods for conduct-
ivities as low as 102
(©Q-cm)1[4,8,10]. ‘
Radiation Induced |
Conductivity
(RIC), with temper-
ature and temporal
dependence [5,8].
Phototyield IV
curves.

Pulsed Electroacoustics (PEA) spatial and

temporal measurements of internal charge
distributions of dielectric layers [21].

Surface Voltage spatial and temporal
measurements  over 0-10 kV with <0.2 eV

resolution [11,17].
Temperature capabilities from <60 K to >450
K [3,19]. (Higher temperatures under development)

Electrostatic Discharge & Arcing

Space Environment Simulation

The Space Survivability
Test (SST) chamber [15] has
unigque capabilities for
simulating and testing
potential environmental-
induced modifications  of
small satellites, components,
and devices. It is particularly
well suited for cost-effective
tests of multiple small scale

materials  samples  over
prolonged exposure to
simulate  critical environ-

mental components including:

« Electron fluxes with simultaneous low and high
energy electron guns from <20 eV to ~100 keV
with ~1 pA/cm? to >1 pAlcm?) fluxes to simulate
the solar wind and plasma sheet at more than the

100X cumulative electron flux [9,11,12].

* lonizing Radiation with 100 mCi Sr® broadband
(~0.25 to 2.5 MeV) B radiation source at up to 4X

GEO equivalent flux [15].

¢ NIR/NIS/UVA/UVB radiation (200 nm to 1700

nm) at up to 4X sun equivalent intensity flux.

e Far UV simulation of H Lyman-o with Kr

resonance lamps at up to 4X sun intensity.
« Neutral gas atmosphere/Vacuum <107 Pa.
* Temperatures 60-450 K with <2 K [3,19].

Electrostatic Breakdown
Field Strength (<25 kV or
<10°V/m at 25 um) [1,18].
Temperature and Vacuum
capabilities from <120 K to
>350 K at <10 Pa [1].
Electron-Induced Arcing
with current and spatially and
temporally resolved optical
measurements from <6 K to
>350 K at < <107 Pa [18].

Custom mounting of 350 cm? area, with
extensive cabling and port options for in situ
monitoring of electrical signals, arcing, video,
reflectivity and emissivity.

Biological sample testing of radiation and
microgravity effects.

Studies underway will determine how well space
degradation of materials can be simulated in the SST.

Materials exposed in
samples exposed to
the
environment for 18
months on the USU
SUSpPECS project of
the AFOSR MISSE-
6 mission [6].

the SST are compared to 165

ISS  space

e

Characterization & Preparation

Extensive capabilities for sample preparation and
characterization. These include:

Bulk Composition Inductively Coupled
Plasma-Atomic Emission Spectroscopy (ICP-
AES), FTIR and Raman spectroscopy.
Surface Composition  Auger
Spectroscopy and AES mapping,
Dispersive X-ray (EDX) spectroscopy.
Surface Morphology Scanning Electron
Microscopy (FE-SEM), Electron Backscatter
Diffraction (EBSD), Atomic Force (AFM) and
Scanning Tunneling (STM) Microcopies.
Vacuum Thermal Ovens Various ovens down
to <104 Pa and temperatures up to >1500 K.
Optical Characterization Specular/Diffuse
NIR/Vis/UV Reflectivity
and Transmitivity,
Thin-Film Interferometry,
T-dependent Emissivity.
Luminescence Optically
Stimulated  Luminescence
(OSL), Thermal Stimulated
Luminescence (TSL).

Electron
Energy

Collaborative Facilities

The MPG collaborates with nearby facilities that
extend our capabilities. These include:

USU Space Dynamics Laboratory (SDL)
for satellite and sensor development, fabrication
and missions.

SDL Nano-Satellite Operation Verification
and Assessment (NOVA) test facility for
characterization and verification of subsystem
and system performance of small satellites.
Idaho Accelerator Center for high energy
electron, proton and positron beams and radiation
sources to 30 MeV.

USU Nanoscale Device Lab for device and
sample fabrication and characterization.

USU Core Microscopy Facility for high
resolution electron and optical microscopy.

USU Luminescence Lab for optical and
thermal stimulated luminescence testing.
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