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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.


Putting MPG Work in Context
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Bottom line for the USU Materials Physics Group:

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

 simulate the space environments,

 characterize their effects on materials properties,

 use these results to predict and mitigate space environment effects,

« work to understand the materials physics involved at the atomic scale to

 extend our work to more diverse problems and materials. et

Lander | ' -_— -

j Comm.
Europa | BIRE® Sats. (GEO)
Clipper (s
Parker B (LEO)
Solar or
Probe ron

(Lunar)
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Presenter
Presentation Notes
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 spacecrafts. If these are severe enough the spacecraft will not operate as designed or in extreme case may fail altogether. Environmentally-induced problems are dominated by spacecraft charging and single-event interrupts . Exposure to higher fluence radiation and radiation can generate atomic scale defects in materials leading to changes in the optical, electrical, and mechanical properties. Alternately, temperature fluctuation, charged particle flux, contamination, or surface modifications can lead to materials modifications and changes in optical, thermal, and charging properties of the materials. 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. Further, materials modifications can change the satellite environment, leading to feedback mechanisms for further spacecraft responses. 


The True Bottom Line for JR:

To paraphrase Douglas Adams,

“Space is [harsh]. Really [harsh]. You just won't
believe how vastly, hugely, mind-bogglingly
[harsh] it is.

| mean, you may think it's a long way down the
road to the chemist, but that's just peanuts to
space.”

D. Adams--Hitchhiker’s Guide to the Galaxy

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.
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Presenter
Presentation Notes
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 spacecrafts. If these are severe enough the spacecraft will not operate as designed or in extreme case may fail altogether. Environmentally-induced problems are dominated by spacecraft charging and single-event interrupts . Exposure to higher fluence radiation and radiation can generate atomic scale defects in materials leading to changes in the optical, electrical, and mechanical properties. Alternately, temperature fluctuation, charged particle flux, contamination, or surface modifications can lead to materials modifications and changes in optical, thermal, and charging properties of the materials. 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. Further, materials modifications can change the satellite environment, leading to feedback mechanisms for further spacecraft responses. 


Where Materials Testing Fits into the Solution

Charge Accumulation
» Electron yields

* lon yields

* Photoyields

e Luminescence

Charge Transport

» Conductivity

* Radiation Induced Conductivity
o Permittivity

» Electrostatic breakdown

* Penetration range

ABSOLUTE values as functions
of materials species, flux, fluence,
energy, and temperature.

Spacecraft Potential
Models

Materials

§ Properties

]

through Space

Satellite Moving

Space Plasma
Environment

Complex dynamic interplay between space
environment, satellite motion, and materials properties
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Presenter
Presentation Notes
Basic materials properties as a function of species, flux, and energy lead to the familiar changes in potential and ESD as functions of flux changes, for example solar events or moving in and out of eclipse.

How ever, the picture is much more complex.  No


USU Materials Physics Group Capabilities

Facilities & Capabilities

Sample Characterization & Preparation
e Bulk composition (AA, IPC).

e Surface contamination (AES, AES mapping ESD).
e Surface morphology (SEM, optical microscopy).

Conduction Related Properties:

e Bulk & surface conductivity.

e High resistivity testing.

e (Capacitance, dielectric constant, charge decay
monitoring, and electrostatic discharge.

Electron Induced Emission:

e Total, secondary and backscattered yield vs. incident
energy and angle.

e Energy-, angle-resolved emission spectra.

e Cathodoluminescence

lon Induced Emission:

¢ Total electron and ion yield versus incident energy and
angle.

Photon Induced Emission:

o Total electron yield vs photon energy.

e 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.

e Two high vacuum chambers for resistivity tests.

e High vacuum chamber for electrostatic breakdown tests.

e Ultrahigh vacuum chamber for pulsed electro acoustic measurements of internal charge

distributions.
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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.




Spacecraft Charging

Myriad of Applications
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A Materials Physics Approach to the Problem

Measurements with many methods...

Dark
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Interrelated through a...
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Putting the Pieces Together

Focus on DOS:

 Synthesis of results from different
studies and techniques

* Development of overarching
theoretical models allow extension
of measurements made over
limited ranges of environmental
parameters to make predictions for
broader ranges encountered in
space.
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Electron Yield Tests

EET Chamber
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Animated Video of Chamber
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https://youtu.be/M5EW1e3_qz0

Measuring Pulsed / DC Yields

Conductors
No difference between Pulsed and DC
measurements
Insulators
 Temperature range of 40 — 400 K Embedded charge
« Electron energies from 20 eV — 30,000 eV Difference between Pulsed and DC measurements
 The hemispherical grid retarding field analyzer (HGRFA) Flooding (UV LED & Flood Gun)
measures the electron yield of different materials. A
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Pulsed Backscattered and Secondary Yield Measurements
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Tungsten Pulsed Yield
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Presenter
Presentation Notes
Point out 200 eV from previous slides as positive charging
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Electron Yield

Tungsten Pulsed Yield
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Presenter
Presentation Notes
Point out 200 eV from previous slides as positive charging



22

LDPE

e High material resilience

e High chemical resistance
e Acids
 Bases

e Range of uses
 Industrial packaging
« Laboratory bottles
 Insulator for electrical equipment on satellites

-[CH,] -
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LDPE (Graph)
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Next step for LDPE

Temperature Dependence of Resisitivty with Model Fits
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Presenter
Presentation Notes
Top left figure (RIC) ; bottom right figure (resisitivity)


Modeling Composite Materials
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Possible Problem Areas for Electroluminescent Glow

C/Epoxy Composite + black Kapton Struts Black Kapton frill
N
C/Epoxy Composite ISIM
structure
Black Kapton SM
mount
C/Epoxy Composite + black Kapton Black Kapton bib

AQOS Enclosure

A

@ UtahState University
26 “ MATERIALS PHYSICS GROUP



Multllayer/Nanocomposne Effects’)’?’?

EHT =20.00kY Signal A= SE2 Date :20 Jan 2010

I—| WD= 7mm AprlureS =3000pm  Time :17:00:09
C-fiber composite with thin Black Kapton™ o
~1-10 um resin surface layer (C-loaded PI)

Length Scale

* Nanoscale structure of materials

* Electron penetration depth A
* SE escape depth ,ﬁ"' A UtahStateniversity




Total Electron Yield

Round Robin Comparlson of HOPG Graphite Data

- ————t—t ——— ——— e HOPG data have been compared
csIC with data taken by other laboratories
KIT in a Round Robin test and show that

@ 8;?}3016 Agreement between data from
11 usu2017| T different labs is good above ~30-50
1 | 1 V.
* Values agree within ~10% above 200
- ! eV and ~20 % down to ~30 eV.
? \ .f 1 * USU data may be noisy due to low
Area of poor o '% yield or to negative charging. Yield
°--® agreement at .% T values <30 eV may be higher than
<30 eV actual values due to stage bias.
2..
JR Dennison, Justin Christensen, Justin Dekany, Clint
Thomson, Neal Nickles, Robert E. Davies, Mohamed
0.1 ————t——— 4 ——t— ' 4ttt ; —t—t Belhaj, Kazuhiro Toyoda, Arifur R. Khan, Kazutaka
) Kawasaki, Shunsuke Inoue, Isabel Montero, Maria E.
10 100 1000 Davila and Leandro Olano, “Absolute Electron
Emission Calibration: Round Robin Tests of Au and
Electron Energy [e\[] Polyimide,” Proceedings of the 14t Spacecraft

Charging Technology Conference, Space Research and
Technology Centre of the European Space Agency
(ESA/ESTEC), (Noordwijk, Netherlands, April 4-8,
2016) , 7 p.
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Presenter
Presentation Notes
The HOPG data we took on July 4th followed almost identically with the data we took for the round robin tests. The only difference was the behavior at low incident energies.


Total Electron Yield

PEEK Sample Comparison
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Range of Materials versus Incident Energy
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TEY

Gold with Carbon Contamination
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Electron Yield

0.01

Electron Yield of M55J
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The sample glows when charged with the electron
beam.
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Horizontal layers
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