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Goals and Importance

Goals:

* Investigate spacecraft charging

* Improve deep dielectric charging predictions (AF-NUMIT3)
* Validate our PEA system

Why?

* Better modeling and experimentation allow for more accurate
determination of deep dielectric charging and predictions of
catastrophic breakdown in dielectric materials



Simulation of Charge Deposition: AF-NUMIT3

n=1,2,3,...

. What is AF-NUMIT3? SN

Goal: predict dangerously high Electric Fields within dielectric J(x, nA)

NUMIT = Numerical Iteration nx, iﬂ

Simulation (1D) of charge build-up and transport deep in dielectric

Material Input parameters: thickness, effective atomic number E(x, nay)

and weight, density, relative permittivity, dark conductivity, RIC

coefficients - Dielectric is divided

) into ~ 1000 spatial bins
Continuity Eq.  0J(x, 1) _dp(sc, t)

II. Simulation Steps for NUMIT T 8 ot « As incident electron

1)
2)

3)

current decreases with depth
charge is deposited in bins

Input Electron Flux Spectra (time dependent!) DE(z,t)  plz,t)

Gauss’s Law —

. - . .. or € » Algorithms required for
Determine Deposition Profile of incident Charge and Energy Jo(x) and D(z)

* Charge required to determine Electric Field
* Energy required to determine Radiation Induced Conductivity (RIC)

. | _ Total CurrentEq. | J(2,t) = Jo(2) + |go + kD (w)| Bz, 1),
Model charge transport using electrodynamics and material (Fowler Model) p

characteristics / T \\
Coef. of Dose

Dark
Conductivity RIC Rate




AF-NUMIT3 Sample Output
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The Experimental Set-up: What is PEA?

How it works: |

. Timé dumailn
1=10 T -
* Pulsed voltage probes | | ’L p(t)
embedded charge LB sync
—_ _41::.4.—
* Time of flight indicates . lq J : . ; v(t) +
position of charge . PR R0 RS0 0T s
|F‘¢. | 1 Frequency domain
N
Benefits: [Ewal £/
f . [pwal03f ) & EY O
 Nondestructive measurement . Vo TN | o - p"”"—@—_@
e Low cost 0 2<10°  4x10°  6x10°  8x10°  1x10° g % @ 90 %
1IBR K
Receiver = w ® g © w
Limitations: S| T B @ <
Imitations. g 3 2 5
 Hard to increase resolution chl |{1} 21 3) & (4 6 (5) |(6)
* High cost electronics Digital ext | | ‘
* Difficult sensor fabrication Oscilloscope | trig h, h, h, h,
L. Pearson (2017)
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Measuring Charge Distributions — An Example

120
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40

-40

-80
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Signal Processing

Processing Steps:

* Average multiple measurements and
compute statistics (not shown)
* The rest of the processing is done on the
averaged measurement

 Compute FFT to determine filter
parameters

 Modified Gaussian filter used on data

e Take difference of DC on — DC off to
obtain reference wave

* Refer to (Chen 2006)

* Use system response to perform
deconvolution

Calibration
e Multiply by calibration factor

€r€oVDC
d f VRefSignaldx

* (Calibrate x-axis to distance using the
speed of sound calculated from the
measured thickness and peak-to-peak
time difference of the two interfaces

 Calibration Factor =
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Electron Irradiation of Polymers

Goals:

Simulate deposited charge via AF-NUMIT3
Measure deposited charge via PEA method
Compare the results

Experiment:

Samples

* Polyether-etherketone (PEEK)
* Polytetrafluoroethylene (PTFE)
Thicknesses

e 125 um

e 250 um

Irradiation Energy

e 50 keV

e 80 keV

Gibson ASEC 2021-PEA and AF-NUMIT3



The Experiment —
lrradiation Details Beam Profile with Sample Path (80 keV; FC = 42.5 pAlcm’)

O Sample Path
—— Center of Path

A\Ie ra ge FI Uux g - - - - Edge of Active Meas. Area

0

* For 80 keV, 210 pA/cm? 5

* For 50 keV, 220 pA/cm? B 50
Irradiation time % —r w100

* 150 s : :
* 75sin beam " s

* 75 s out of beam 300

l -350

* 30 s per rotation (2 RPM)

x-direction (inches)
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Typical Raw PEEK Measurement

Avg StdDev = 0.087962 Avg StdError = 0.02199

 Low attenuation

* Low dispersion

* Deconvolution of this
dataset is straightforward

e Calibration of data is
straightforward

Gibson ASEC 2021-PEA and AF-NUMIT3
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Results: PEEK 125 um at 50 keV

125 um PEEK 50 keV - Incident Left (Sample #4)
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Simulated: 31 um
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Results: PEEK 250 um at 50 keV

PEEK 250 um - 50 keV Incident Left (Sample #4) PEEK 250 um - 50 keV Incident Right (Sample #6)
60 —
40 — 1
e 30— = 407 Deposition Depth = 29.6
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S © y
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O 40 80 120 160 200 240 IIIIlIIIIIIIlIIlIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIII
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Distance (um)
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Results: PEEK 125 and 250 um at 80 keV

Volume Charge (C/ma)

Volume Charge (C/ms)

125 um PEEK - 80 keV Incident Left (Sample #1)
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100 — Simulated Deposition Depth = 70.0 um
0 — —

_50 -]
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-200 - T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I
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0 20 40 60 80 100 120 140
Distance (um)
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Typical Raw PTFE Measurement

* Strong attenuation
e Strong dispersion

e Deconvolutions do not work
as well on this dataset

e Calibration of data is
difficult

Gibson ASEC 2021-PEA and AF-NUMIT3
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Results: PTFE 125 um at 50 keV

125 um PTFE - 50 keV Incident Left (Sample #4)
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Results: PTFE 250 um at 50 keV

Volume Charge (C/ms)

Volume Charge (Arb. Units)

250 um PTFE - 50 keV Incident Left V(Sample #4)
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0.8 E Deposition Depth = 19.6 um
o Simulated Deposition Depth = 17.6 um
il 3
0.0
0.4 o —— Measured
] —— Simulation
-0.8 —— Simulation scaled by 0.092391
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIII|IIIIIII
0 40 80 120 160 200 240
Distance (um)
250 um PTFE - 50 keV Incident Left (Sample #6)
0.8 Deposition Depth = 21.6 um
] Simulated Deposition Depth = 17.6 um
oo | =
04 —— Measured
] —— Simulation
0.8 -] —— Simulation scaled by 0.07012
’ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 40 80 120 160 200 240

Distance (um)

Measured: 20 + 2 um
Simulated: 17.6 um
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Volume Charge (C/ms)
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Results: PTFE 125 um at 80 keV

Volume Charge (C/ms)

125 um PTFE - 80 keV Incident Right (Sample #1)
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Results: PTFE 250 um at 80 keV

Volume Charge (C/ms)

Volume Charge (C/ms)

250 um PTFE - 80 keV Incident Left (Sample #1)
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Conclusions

PEEK

Measurements are self-consistent for a given sample when comparing orientations of measurements
Measurements are mostly consistent with samples exposed to similar environments
Measurements agree fairly well with predicted deposition depths from AF-NUMIT3

Experimental deviations in deposition depths needs to be investigated to be sure this is “real” and not within
error

PTFE

Data is not always self-consistent for a given sample, varying by several or tens of microns between
measurements in different orientations

Multiple peaks were measured in 80 keV irradiated samples
AF-NUMIT3 predicted a single peak in between the measured peaks for 80 keV irradiated samples

ﬁaﬁ)\(/l)f_li_gon depths for 50 keV irradiated samples were in relatively good agreement with simulations from AF-

Overall

Attenuation and dispersion needs to be corrected for in the data
More work is needed in determining the absolute error of the magnitude of charge measured
AF-NUMIT3 agrees fairly well with the data, aside from the multiple peaks in PTFE irradiated at 80 keV



Future Work

* Determine error and validity of the calibration of the charge
magnitude in PEA measurements

* Correct for attenuation and dispersion in PEA measurements

* Investigate effects of RIC/DRIC on charge accumulation and migration

* AF-NUMIT3 predicts differences between no RIC/RIC/DRIC simulations
* Accumulation of charge from pulsed/continuous beam and low/high dose rate

* Address relative and absolute errors in PEA measurements for insight
into differences in deposition depths between
measurements/different samples

 Differentiation resolution appears to be ~ 0.5 um or less
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