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Overview

* Why Surface Roughness and What Is Electron Yield?
* Cu and Al Samples

* Sample Characterization: Scanning Electron Microscopy (SEM),
Energy-dispersive X-ray Spectroscopy (EDX), and Confocal Microscopy

e Electron Yield Data
e Conclusions
e Future Work



Spacecraft charging may cause electrostatic
discharges 1]

* The majority of space-induced satellite
Epomalies are caused by spacecraft charging

Electron yield causes differences in electrical
potentials by liberating electrons from the
materiall?]

Wide range of reported values of electron
yield

Key Questions

* How does surface roughening affect the EY?
 How would it affect satellite performance?

https://www.nasa.gov
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https://www.nasa.gov/offices/nesc/articles/understanding-the-potential-dangers-of-spacecraft-charging
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Electron Yield

o
 Number of electrons emitted/ number of oy AT
incident electrons(? ¥
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e Secondary Electron Yield (8) originates from
within the surface and backscattered (Christensen, 2017)
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Surface Roughness and Electron Yield

Incident Electrons

 Affected by surface roughness, and
contamination 3! Tﬁlﬁ

ﬁglj]gﬁxf:urﬁ:ﬁﬂ{E Smooth Surface

. Sample

* Roughness may increase or decrease EY
depending on the surface morphology and

incident energyl3]
* Alters electron escape angles!3!
e Larger impact on SEY than BSEY!4

(Wood, 2019)



Cu and Al Samples

* 0.3 um, 1 um, 3 um, 9.5 um grit polishing compound applied after
polished to ~100 nm and a ‘grit blasted” Al sample

e Well documented and conductive




Grit Blasted Al

* More random pattern than polished
samples with a much higher density of
scratches

* Grit roughness of ~¥1-6 um
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Cu Confocal Microscopy




Cu SEM and EDX
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Cu SEM and EDX
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Total Electron Yield Data

Total Electron Yield

L |
2-

N\

14 < I 7 4 A S N S S I_
9 -
8
7_

6-
—@— 1 Micron Al
5 —— 3 Micron Al
9.5 Micron Al
—&— Grit Blasted Al
4- H
2 3 456789I 2 3 456789I 2 3 4 5
100 1000

Electron Energy [eV]

11



Backscattered Electron Yield

Backscattered Electron Yield Data
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Secondary Electron Yield Max Yield Comparison
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Conclusions

. Incident Electrons ]
* Roughness appears to decrease yield |/ Secondary
* “30% decrease of maximum total electron from BN macth Surface

Sample

1 um to grit blasted Al.
* Contamination may have altered the yield for

the 9.5 um sample e E———
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Future Work

* Acquire and analyze electron yield data for Cu and Al
* Acquire SEM and EDX for all Al samples

* Measure roughness (depth and width of scratches)

* Develop quantitative patch SEY model

e Expand to more complex materials
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Thank you!
Questions?



