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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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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.


The Space Environment

Solar wind and Earth’s magneto-sphere structure.
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A simplified approach to spacecraft charging modeling...
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This results in a complex dynamic interplay between space
environment, satellite motion, and materials properties
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Let us consider the abstract picture illustrated in Figure 1.  To develop a model of how the spacecraft charges in response to the space environment with codes such as NASCAP-2K, SPENVIS or MUSCAT [add refs from conference], we require three primary elements: 
(i) a description of the space environment that will influence the spacecraft charging, that is the electron, ion and photon fluxes impinging on the spacecraft as functions of incident particle species, number flux and energy; 
(ii) an engineering model of the spacecraft geometry and component composition; and 
(iii) a compilation of the properties of the component materials that quantify the materials’ response to incident fluxes.  
Let us assume that we have a reasonable working knowledge of the environment and the spacecraft geometry and composition (This is not always a valid or easily quantified assumption!).  Common modeling assumes that basic materials properties are static, most often using tabulated or terrestrial measured materials properties for Beginning of Life materials.  Often a range or statistical distribution of temporally varying environmental fluxes—for example, solar cycle variation or solar flares and coronal mass ejections—are considered.  Variations in the flux due to the spacecraft position or orientation—for example due to moving in and out of eclipse or the magnetosphere as a result of spacecraft orbits or rotations—are also often considered.  Such calculations can predict dramatic changes in both absolute and differential charging of the spacecraft [ref]  or electrostatic discharge [ref] that are well documented [ref].  
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Focus of the Materials Physics Group e U

Specific focus of our work is the change in materials properties as
a function of time , position, energy, and charge:

» Time (Aging), t

» Position (z)
» Charge distributions, Q(z,t)
» Surface voltage, AV(xy,t)

» Energy
e Temperature, kg T
* Deposited Energy (Dose), D
« Power Deposition (Dose) Rate, D

» Charge
« Accumulated Charge, AQ or AV(Q, AV,D,D,t)
» Charge Profiles, Q(z,t)
« Charge Rate (Current), O
« Conductivity Profiles, o(z,t,Q,0,D,D)
e Electron emission (e~ 1*, I')

» Light emission
 Cathodoluminescence Ir(t,xy,Q,D,D)
« Arcing I-(t,xy,Q,D,D), O((t,z,Q,D,D)
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However, the description of spacecraft charging for more realistic models can be much more complex.  In his keynote address at the 11th Spacecraft Charging and Technology Conference, Ferguson identified four “New Frontiers in Spacecraft Charging” as critical areas of advancement in the field over the next decade.  Specifically, his first two frontiers were: 
#1	Non-static Spacecraft Materials Properties
#2	Non-static Spacecraft Charging Models
That is to say, we need to consider temporal and spatial variations in the space environment, in spacecraft motion relative to the environment, and in the materials properties.  The objective of this paper extend this consideration by  identifying various ways in which changes to the materials properties can affect spacecraft charging and to provide some specific examples to illustrate some of these scenarios.

Where the problem gets interesting is when we consider the dynamic evolution of these materials properties as they are modified through interaction with the environment.  Such changes in materials properties can result from variations as a function of position within the sample, z; time (often referred to as aging), t; temperature profile, T(z,t); dose profile (or specific energy accumulated in the material per unit mass), D(z,t); dose rate,   or variation in depth, ; total accumulated charge as a function of position or time, ΔQ(z,t) (or voltage, ΔV(z,t)); charging rate (current),  of variations in depth, ; and conductivity profiles as functions of position and time, σ(z,t).  Each of the electron emission or transport properties for a given material.
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What do you need to know about the materials properties?

I
) AN Ut?,

Charging codes such as
NASCAP-2K or SPENVIS
and NUMITZ2 or DICTAT
require:

Charge Accumulation
» Electron yields

 lon yields

* Photoyields
 Luminescence

Charge Transport

» Conductivity

* RIC

* Dielectric Constant
« ESD

* Range

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

hState
Ini

Table 2.1. Parameters for NASCAP Materials Properties

Parameter Value
[1] Relative dielectric constant; €, (Input as 1 for conductors) 1, NA
[2] Dielectric film thickness; d 0 m, NA

[3] Bulk conductivity; o, (Input as -1 for conductors)

-1; (4.26 £ 0.04) - 10’ ohm™m™

[4] Effective mean atomic number <Z. >

50.9£0.5

[5] Maximum SE yield for electron impact; 8,4«

1.47+0.01

[6] Primary electron energy for 8 max Emax

(0.569 + 0.07) keV

[7] First coefficient for bi-exponential range law, b, 1A, NA E_
[8] First power for bi-exponential range law, n, 1.39+0.02

[9] Second coefficient for bi-exponential range law, b, 0A

[10] Second power for bi-exponential range law, n, 0 i
[11] SE yield due to proton impact 6H(1keV) 0.3364 +0.0003

[12] Incident proton energy for 6Hmax; EHmaX (1238 + 30) keV '
[13] Photoelectron yield, normally incident sunlight, j,p, (3.64+0.4) - 10° A-m?

[14] Surface resistivity; p, (Input as -1 for non-conductors) -1 ohms-square'l, NA

[15] Maximum potential before discharge to space; V ax 10000 V, NA

[16] Maximum surface potential difference before dielectric breakdown discharge; 2000V, NA

Vounch

[17] Coefficient of radiation-induced conductivity, o,; k 0 ohms'l-m'l, NA S

[18] Power of radiation-induced conductivity, o,; A

0, NA



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.  

We begin by asking “What specifically do we need to know about the materials properties?”  To describe charge accumulation we need to know the electron yields for incident electron, ion and photon fluxes; that is, how many electrons are emitted per incident electron, ion or photon.  To describe the subsequent rearrangement and dissipation of charge, we need to know the electron (or other charge carrier) transport properties including the dark current conductivity, radiation induced conductivity, relative dielectric constant, and electrostatic discharge threshold electric fields.  For static charging models these materials properties are most often considered as functions of incident and exit particle species, flux and energy.  
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USU Experimental Capabilities

Absolute Yields

 SEE, BSE, emission |
spectra, (<20 eV to 30 keV)

« Angle resolved electron
emission spectra

e Photoyield (~160 nm to
1200 nm)

* lon yield (He, Ne, Ar, K,

Xe; <100 eVto 5 keV) e Conductivity (<1022 [ohm-cm]?)

« Surface Charge (<1 V to >15 kV)

« ESD (low T, long duration)

* Radiation Induced Conductivity (RIC)

e Evolution of internal charge distributions (EA)

* Multilayers, contamination, surface modification
* Radiation damage

* Modeling

« Sample Characterization 9

e Cathodoluminescence
(200 nm to 5000 nm)

 No-charge “Intrinsic”
Yields

e T (<40 K to >400 K)
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Could talk about:

11th SCTC Sessions devoted to this
Test facilities devoted to this
USU Posters devoted to this

Rather, let me describe some studies done at USU where …


UtahState
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Absolute Electron Yields By,

g)
2
o
-
=

UE
=

| Epp—

3 Poift (T)
Motor Mount

Fig. 2. Hemispherical Grid Retarding Field Analyzer (HGRFA). (a) Photograph of sample stage and HGRFA detector (side view). (b) Cross section of
HGRFA. (c) Photograph of sample stage showing sample and cooling reservoir. (d) Side view of the mounting of the stepper motor. (e) Isometeric view of
the HGRFA detailing the flood gun, optical ports, and wire harness.
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Surface Voltage
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SVP (Surface Voltage Probe)

A
B

I & T m o 0O

HGRFA Hinged Mount
Sample Carousel/HGRFA
Rotation Shaft

UHYV Stepper Motor

Sample Block Faraday Cup
Sample (10 mm)

Sample Block

Cryogen Reservoir

HGRFA Face Plate

I HGRFA Hemispherical Shield R Sample Current Lead
J HGRFA Collector S SVP Faraday Cup
K HGRFA Bias Grid T SVP 7 mm Diameter Au Electrode
L HGRFA Inner Grid U SVP 3 mm Diameter Au Electrode
M HGRFA Drift Tube V SVP Wiring Channel
N Electron Flood Gun W EFTP Vacuum Feedthrough
O LED Light Source X EFTP Witness Plate
P Surface Voltage Probe (SVP) Y Electrostatic Field Probe

Q Au disc Electron Emission Standard Z Probe XYZ Translator
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Figure 1.	Hemispherical Grid Retarding Field Analyzer (HGRFA) and Surface Voltage Probe (SVP). (a) Sample stage and HGRFA detector (side view). (b) Cross section of HGRFA. (c) Sample stage and HGRFA detector shown without C and G (front view).  (d) Interior view of the partially assembled HGRFA showing sample block and inner grid. (e) Diagram of HGRFA interior with SVP. (f)  Surface voltage probe assembly.  (g) Diagram of SPV interior and Au electrodes. (h) Ex situ portion of Electrostatic Field Transfer Probe (EFTP) assemble.
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We recorded current in three ways: 1.Pearson Coil--
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Mention time and current ranges.


Electrostatic Breakdown B
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Recent and Current Projects
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However, the description of spacecraft charging for more realistic models can be much more complex.  In his keynote address at the 11th Spacecraft Charging and Technology Conference, Ferguson identified four “New Frontiers in Spacecraft Charging” as critical areas of advancement in the field over the next decade.  Specifically, his first two frontiers were: 
#1	Non-static Spacecraft Materials Properties
#2	Non-static Spacecraft Charging Models
That is to say, we need to consider temporal and spatial variations in the space environment, in spacecraft motion relative to the environment, and in the materials properties.  The objective of this paper extend this consideration by  identifying various ways in which changes to the materials properties can affect spacecraft charging and to provide some specific examples to illustrate some of these scenarios.

Where the problem gets interesting is when we consider the dynamic evolution of these materials properties as they are modified through interaction with the environment.  Such changes in materials properties can result from variations as a function of position within the sample, z; time (often referred to as aging), t; temperature profile, T(z,t); dose profile (or specific energy accumulated in the material per unit mass), D(z,t); dose rate,   or variation in depth, ; total accumulated charge as a function of position or time, ΔQ(z,t) (or voltage, ΔV(z,t)); charging rate (current),  of variations in depth, ; and conductivity profiles as functions of position and time, σ(z,t).  Each of the electron emission or transport properties for a given material.
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Case I:

Evolution of Contamination and Oxidation
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“All spacecraft surfaces are
eventually carbon...”
--C. Purvis

This led to lab studies by Davies, Kite,
and Chang
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Comment:  This is perhaps the most obvious of dynamical materials changes.
Comment:  This is an extreme case, since Au has a very high yield for a metal (~1.8 total yield) and C has a very low yield (<1 total yield)

�Left Figure.  Evolution of  with carbon layer thickness.

Right Figure.  Equilibrium charging potential for a single material using the time evolution of the secondary electron emission parameters for contaminated gold. Curves are for the 4 September, 1997 (squares), worst case (circles), and  ATS-6 (triangles) geosynchronous environments in full sunlight (dashed curves) and eclipse (solid curves).5
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Case I: Evolution of Contamination and Oxidation
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Comment:  It is hard gauge real effects of contamination and oxidation, since few materials samples are flown in space and returned for post mortem examination.  The USU SUSpECS  experiment on MISSE-6 is such an example.  Analysis of over 165 samples that spent ~9 months in ram (w/ AO) and wake (w/o AO) configurations is currently in progress.  See Dennison, SCTC 11.
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Case Il: Surface Modification

Diffuse and Specular
Reflectivity changes F
with surface roughness g
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Figure 5.  (a,b) Plots of the absorption coefficient, α, as a function of wavelength for each size of roughening compound used.  These were calculated using Eq. 2.  As roughening size increases, the absorption coefficient also increases.  This is as expected.  Increased absorption indicates that charging is increased through the photoelectric effect.  

(c) Plot of the change in reflectivity, calculated from Eq. 1, as a function of particle size.  For both specular and diffuse reflection, this relationship appears to be linear.


Case lll: Temperature Effects
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See Dennison, APS Conf. Proc. 2007.
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Case V. Temperature and Dose Effects

1st Sun encounter, Nov. 26, 2018
2nd Sun encounter, Jul 15, 2023

‘Launch -
Oct'14, 2014 —
~_Cg125km?/s?

Earth at 1st perihelion
(15° off quadrature)

A\ \e—4R, x55AU

JGA flyby
Mar-15, 2016
C/A range: 12.R;

Figure 4-1. Solar Probe mission summary.

Wide Orbital Range
Earth to Jupiter Flyby
Solar Flyby to 4 R,

WideTemperature Range
<100 K to >1800 K

Wide Dose Rate Range
Five orders of magnitude
variation!

215Rg
165Rs (1AU
65Rs  (0.5AU +20d ! _'

1
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'.'(0.1 AU +5d
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1
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Pole-to-pole flyby: South to North

'
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~10d ——— 1
—20d N‘%T
=30
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05-01481-4

Figure 4-2. Solar encounter trajectory and timeline. Science operations begin at perihelion —-5 days
(65 R) and continue until perihelion +5 days.
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Solar Probe Mission web site.



Case V. Temperature and Dose Effects
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Mission design by APL/GSFC

Materials testing by Dennison and Hoffmann

Evolutionary Charging Study by Donegan, Sample, Dennison & Hoffmann
(See Donegann et al, JSR 2009)

Revised mission design and new charging study
(See Donegann 11" SCTC Poster for update)
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Fig. 2 	Inputs to the NASCAP-2K charging solver.
[Donegan]

Mention current MISSE studies of 9 month LEO exposure to SPM coatings.
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Case V. Temperature and Dose Effects
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Fig. 3  Radiation environment parameters for near-Sun and deep space trajectory points. The plasma number densities are plotted as black diamonds in the upper graph. The electron temperature and ion beam velocity are plotted as red circles and green squares, respectively, along the lower left-hand axis.  The solar intensity is plotted as blue triangles along the lower right-hand axis.  [Donegan]
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Case V. Temperature and Dose Effects
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 See SPM calculations and references.  [Donegan]
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Case V. Temperature and Dose Effects

A peak in charging at
~0.3to0 2 AU

“...Curiouser and curiouser...”

--Alice
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Top Figure. Charging of Solar Probe spacecraft at 0.3 AU with αS/εIR = 0.6.  (a) alumina-coated heat shield. (b) PBN-coated heat shield.  [Donegan]

Bottom Figure.  Dependence of the differential surface potential on distance from the Sun for the Solar Probe spacecraft: a) Al2O3-coated heat shield, b) PBN-coated heat shield.  [Donegan]
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Case V. Temperature and Dose Effects

Conductivity (1/0hm-cm)
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-4 [ e e
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A fascinating trade-off

 Charging increases from increased dose rate at closer orbits
e Charge dissipation from T-dependant conductivity increases
faster at closer orbits
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Fig 5.  Conductivity and heat shield temperature for Al2O3 with αS/εIR = 0.6 as a function of spacecraft distance from the Sun.  [Donegan]



Case VI: Multilayer/Nanocomposite Effects

Consider the Effects of Multilayer Materials, Composites, Contamination, or
Oxidation

Length Scale Time Scales

 Nanoscale structure of materials * Deposition times
* Electron penetration depth » Dissipation times
« SE escape depth e Mission duration

Emission scaling depends on
sample geometry and materials
properties. May lead to:
e Power or flux scaling at
different incident energies
*Energy or flux thresholds
and/or cutoffs
e Significant emission from
high energy e
* Significant emission from
back sides or interior surfaces
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Presentation Notes
JWST is a “Perfect Charging Storm”

Lead to charge transport and storage studies for cable insulation, mirror blanks, and internal structures.
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Fig. 2. Qualitative two-band model of occupied densities of state (DOS) as a function of temperature during cathodoluminescence. (a) Modified Joblonski
diagram for electron-induced phosphorescence. Shown are the extended state valence (VB) and conduction (CB) bands, shallow trap (ST) states at &sr within
~ksT below the CB edge, and two deep trap (DT) distributions centered at &pr=€.; and epr=€ue. Energy depths are exaggerated for clarity. (b) At T=0 K, the
deeper DT band is filled, so that there is no blue photon emission if €,ue<gcs. (€) At low T, electrons in deeper DT band are thermally excited to create a partially
filled upper DT band (decreasing the available DOS for red photon emission) and a partially empty lower DT band (increasing the available DOS for blue photon
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energy using calculation methods and the continuous slow-down
approximation described in [5].
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Fig. 1. Optical measurements of luminescent thin film disordered SiO, samples. (a) Three luminescence UV/VIS spectra at decreasing sample temperature. Four
peaks are identified: red (~645 nm), green (~500 nm), blue (~455 nm) and UV (275 nm). (b) Peak amplitudes as a function of sample temperature, with baseline
subtracted and normalized to maximum amplitudes. (c) Peak wavelength shift as a function of sample temperature. (d) Total luminescent radiance versus
beam current at fixed incident energy fit by (1). (e) Total luminescent radiance versus beam energy at fixed incident flux fit by (1). (f) Total luminescent
radiance versus beam energy at fixed 10 nA/cm? incident flux for epoxy-resin M55J carbon composite (red; linear fit), SiO, coated mirror (green; fit with (1)), and
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Diversity of Emission Phenomena in Black Kapton

A UtahState
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Comparison of Luminescence Images

Sustained Glow

Kapton XC

500 nA/cm?
22 keV
150 K

M55J

1 nAlcm?
22 keV
100 K

IEC Shell Face
Epoxy Resin with
Carbon Veil

1 nAlcm?
22 keV
100 K

Kapton E

500 nAlcm?
22 keV
150 K

10/29/2010

“Flare”

Kapton XC

50 nA/cm?
22 keV
150 K

M55J

1 nAlcm?
22 keV
100 K

IEC Shell Face
Epoxy Resin
with Carbon Veil

1 nAlcm?
22 keV
100 K

Kapton E

5 uA/cm?
22 keV
150 K

USU JWST Progress Report

Kapton XC

5 nAlcm?
22 keV
1350 K

LaB6 Thermal Spot

M55J

5 nAlcm?
22 keV
135K

|IEC Shell Face
Epoxy Resin
with Carbon Vell

5 nA/cm?
22 keV
100 K

1 cm Diatest samples

30 s Exposure SLR Camera
(400nm-640nm)

33 ms Exposure CCD Video Camera

(500nm-900nm)

UtahState

17 ms Exposure InGaAs Video Camera

(900nm-1700nm)
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Arcs Observed in Black Kapton and M55J

Arc Characteristics

all Black Kapton ~ 22keV 110 or 4100 uw/cm? | Arc duration:
uns 131 and 131A 135K 5 or 188 nAlcm? ~0.2to 0.8 s in electrometers
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~30 arcs/hr for M55J
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‘Flares” Observed in Black Kapton

“Flare” Characteristics
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Details of Electrometer “Flare” Signature

Current (nA)

Electrometer Data_

T T T T T
—— Sample nA

—— Sample GND nA
—— Stage nA
L———u,—,\r— —{"
10
- Flares
o :_ / \
i Two very large arcs with many other small arcs.
r Arcs
L 4"/\‘\4* ' -
i W
L I ! ! | ! L L I | ! ! ! L | I I ! ! | ! | ! ! ! L | L ! | !
0 500 1000 1500 2000 2500 3000 3500
Time (s)
High Conductivity
Total Beam Time: 3204 s C-loaded Kapton
# of Arcs: >50 25keV 38nA ~1 hr
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Glow Increases with Increasing Flux, Energy and Power

e Energy
A
M55

~110 uW/cm?
~5 nA/cm?
22 keV

135 K

Run 122

M55J

~35 uW/cm?
~5 nA/cm?
7 keV

128 K

Run 121

M55J

~4100 uW/cm?
~188 nAlcm?
22 keV

135 K

Run 122A

M55J

~1300 uW/cm?
~188 nAlcm?
7 keV

128 K

Run 121A

> e Flux

» Surface Glow, Edge Glow, and Arcing Frequency are all found to increase with

increasing incident electron flux and energy.

 Insufficient data for trends to establish functional dependence and possible

thresholds or cut-offs
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Potential Areas of Collaboration

Theoretical modeling of the interplay between electron-induced
luminescence and radiation induced conductivity in highly
disordered insulating materials.

Grisseri, Teyssedre and others have done groundbreaking work on
electron induced luminescence that Jensen and Dennison at USU
have extended to lower temperatures.

Merging our work should lead to interesting results.
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Absolute Intensity & Spectra of Glow

Absolute Photon Yield per
Incident Electron

Current Best Estimate of
Photon Invariant Factor for
M55J Glow at L2 “High Storm”
Incident Electron Flux at
Cryogenic Temperatures

7*107 photon/cm?2-s-sr-nm

+200% based of average of 4 independent
calibration methods and uncertainties in
optics losses, spectral profiles, sample
geometries and experimental methods
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Electron-Induced Luminescence Spectra

* Observed first at USU

* Glow visible on Kapton XC, Kapton E and M55J,
T300 and Fiberglass composite materials

» Tests qualitatively confirmed at MSFC and
Northrop-Grumman

» Consistent with RT test of similar materials in literature
by ONERA and limited available physics models
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Potential Areas of Collaboration

» Overlap of work that
Griseri and Dennison are both
currently engaged in, related

to use of the pulsed 10
electroacoustic (PEA/PWP) |

method for probing ‘ Polyimide Matrjx

embedded charge layers.

' Carbon Particl
USU had our first successful PEA aroon Farticlgs

measurement of charge layer
dynamics last night.

]-.".|I1_|:'_L: (um)

Kapton

Black Kapton (10% C)
Black Kapton (20% C)
Graphite

The lesson is that it pays to leave
the lab and go enjoy fine French

T Epoxy with 50% C
cuisinel!

Epoxy with 75% C

1 1 10000
» Comparison of codes to Beam Energy (eV)
model electron penetration

and charge deposition in

insulators. This has

important overlaps with the

PEA work listed above.
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Potential Areas of Collaboration

Review of work on generalized density of states models for localized
trap states in highly disordered materials developed at USU, and their
applications to theoretical models being worked on in Toulouse.

9/24/12 LANL Seminar 43



Just adrop in the bucket...
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Potential Areas of Collaboration A,

Overlaps of work with secondary electron emission with Mohamed
Belhaj. Specifically, it would be interesting to work in collaboration
with the PhD student you mentioned (from Université Paul Sabatier, |
believe) who is studying secondary electron emission
measurements/effects of bulk charging. This work dovetails nicely
with studies done on the subject at USU by Dennison, Wilson,
Hoffmann and Hodges.
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Low Charge Capabilities

—&— Total Yield

—— BSE Yield

Electron Yields (electron/electron)

#® SE Spectral Data
—— Chung and Everhart Fit

Electron Counts dN/JE (arbitrary units)

Electron Energy (eV)

A UtahState
. ty

_Univ

altages with

Agure 5. {top) Interior of Hemispherical grid
retarding field analvzer detector showing
zample and “flipper® to measure surface
electrostatic field transfen
probe. (bottom) Surface voltage decay cures
for Kapton E sample after electron beam
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 Intrinsic yield measurements for insulators
 Surface voltage measurements (<0.1 V resolution 1-20 kV range)
 Low T resistivity and ESD (<100 K)
 Very low T electron emission/glow (<30 K)
 Luminescence (200 nm to 5000 nm)


Surface Voltage Relates to “Intrinsic” Yield Model

Combining all the pieces

50J§v dN(E; E,) o o~ \
i Q.(c-1)d oQ . +QR
5y Q) _ev.(Q) v, = - Tl Tl o(E,Q) = 1(E,) + 6(E,Q)
5,(E) ¥ dN(E:E,) o6 Ay 26,6 A
0 J. —— ——~dE Decay curve data
OeV dE DDLM model for surface potential o
Physics based model for yield SE v +[;7epth profile for net ; Z .
tecapture as a function of incident positive charging ; AL #"‘.‘-'.J‘."-'-»
ﬂuence “\ IIIII = ;“‘,‘..“r"‘m,, % R -, P
Etocton Enesay tev1 h (8 S) \
Ase h(50-eV) -1 hse R
3(eVs) = (o(Ep) — 1) 1 - — | gl 1-— |- |1+ —
2.d ho 2.d 2.d
\ h(30-eV) )

We now have an analytic solution for secondary electron yield as surface
potential changes in response to incident charge.
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Potential Areas of Collaboration

Surface conductivity of + + + + + +

insulating materials as O e AR
measured with surface '
potential probes and

conductivity measurements. : - T4 4
These include both lateral e et S ———
currents and charge transport

with the RIC region.
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Both the French group and
USU have observed similar
Interesting annomolous
behavior in materials. Thierry
Paulmier, Phillipe. Molinié, «f
Rachel Hanna and others have
developed theoretical
explanations for these
anomalous phenomena that il
we hope to reconcile with our 3
theoretical/empirical

understanding. Both groups
have'iaken comblementaryLANL Seminar 48
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Potential Areas of Collaboration N

MATERIALS Pk

Comparison of numerical fitting

N
N ]
/

models for secondary and _ / N
. . ® USU Yield Data /
backscattered electron emission, A Reported Yield Data ;
-=-= NASCAP Fit ’ N

w

photoemission, ion-induced emission,
radiation induced conductivity and
conductivity used in the US and ESA
spacecraft charging codes.

—— Extended Fit

N

=

The ISO (International Standards
Organization) Workshop in Tokyo ¢ [ *=
began the process of establishing an T T ST
international standard for Extreme on Energy (&V) 10 10
Space Environments for Spacecraft
Charging Applications. This is an
ongoing effort of critical importance to
the spacecraft industry. Initial efforts
were also begun at this meeting to
organize around robin testing of
spacecraft materials properties used
for simulations of spacecraft charging.
USU and LAPACE/ONERA are two of
the lead institutions in this effort. |
propose to work with the French group
to further this effort and identify
concrete objectives and tests to get === anees MRS A il oo &
this going. 10° 10° 10°
Incident Electron Energy (eV)
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