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Introduction Applications Goal Applications Introduction
e Faraday cup: a conductive metal cup that catches charged  Both electron guns and Faraday cups are proven to be simple and e Electron gun: an electrical component that produces a narrow
particles in a vacuum and measures beam current or charge P , rehabl-e sc1.ent1f1c instruments and are utilized in many fields. S S - electron beam that has precise kinetic energy.
of the ions . Precisely measures the amount P « Especially in outer space research, detectors such as these have 1. Used for high resolution ==
of proton radiation ; limits in size, weight, and cost. imaging and microscopy in How It Works
How It Works 2. Determines isotope charge in * Is there a way we can construct an electron gun-Faraday cup SEMs 1. The heater heats the
11 ter th mass spectrometry system that would be lightweight, cheaper, and high- 2 Used f , di 1 cathode and emits the
. lons enter the cup. _ :  Used for precise weldin e TS
2. A k p h secondary electron ¢4 (; 3. Measures electron current in performing? p g. /i{,”%’iﬁ =8 S electrons. Anode
- S EUDPTESSOr. KBEpS Lie (D) "G ippressor shield lin=lioroe' SEM Figure 2: Mass Spectrometry. 3] Proposal and additive manufacturing /4NN, 2. A control erid, or Wehnelt ©
secondary electrons from 5 g S _ , , Figure 7: Electron Beam [2] FlpuregaEial] S sE . ( % | >
reflecting out /| 777 \ 4. Determines space weather by * Both instruments are typically made of metal, because they require 3. Generates X-rays and cylinder, has negative o Electron Beam
, MwUmat o \ . shesSuFina lin AW pass conductivity; h9weven recent studies show that plastic can reach ionizes vaporized particles potential relatlnve to \ o
controlled by inserting a — == et e Voyager 1 &2 (4 cups each) good conductivity. in mass spectrometry cathode, focusing the —
: o . ' ' : - -+
guard ring. o | G . Parker Solar Probe (1 cup) Key i?v}in"ff(;gie; :0 a conductive plastic system are: PR | PORE AR L A—" . i.;lectror(;s.- o IS S
: : . . : . An anode is positive
4. lons hit the inner surface and [ 22 - Europa Clipper Mission (4 e D 57 f 5 d for space environment POSTIVEY Figure 6: Electron Gun. [4
are collected 1 | €sign Ireedom _ charged, attracting the
' . Guard ring (3) paicriane oo ection cups) * Cost and size efficiency testing :
5. The small current is “p @) I | | _ _ Pliupe S A Eaamnecl Fguce 10 Sl (01 electrons and making them
measured by an ammeter. Electron Microscope.[7] 1B #iParker Solar Probe. ] * Chemical resistance accelerate.

* Thus, I will attempt to create a conductive plastic system.

Structuring the Faraday Cup Trial 2: Improving Design Testing Designing the Electron Gun

Inserting a Guard Ring to form an Einzel Lens R
V=0 V>0 V=0 * USing SIMION, designed P — : ' ; Tetrode Type System
e TN N different shapes of the cup’s — -  Simulated a
. ] Interior =il Cazlllc;de FirsitF girid Cont(rg;Grid Anode (A) tetrode model of
R N e The curved design produced —— = = - = the electron gun in
Suppressor Guard Ring ‘ Cup s the least reﬂeCtegd :)econdal‘y -EH e msa H - Reater i i\_jlitii \ y Beam SIMION
- - electrons = | - Faraday Electron ,\ E « K=-5560V
Overall Structure _ | Cup Pl « F=-5550V
50 mm 5 Layers (+ outer shell): e Added handles for the wires B Gun . . e 00
| | | 1. Secondary electron suppressor - Printed out a double-layer . A= 0OV
(conductive) insulator-conductive shell * Simulated 500

Insulator 1

electrons with

Kinetic energy
from 0 to 10 eV

to ground the Faraday cup
* Soldered the wires unto
their respective parts and to

Guard ring (conductive)
Insulator 2

1> W

Charge Collection Cup (conductive)

This experimental system tests whether a 3D-
printed conductive plastic Faraday cup and electron gun

a connector.

Trial 1: Designing through SIMON Testing the Faraday Cup system can accurately measure and transmit ion beams. Modeling
e Simulated 100 electrons with primary & secondary tracks with kinetic App aratus Schematic e Modeled the design in SolidWorks
energy from 20 V to 3000 V Bl Preliminary Results e 3-D Printed the Gun
. = _ * Scanned cup voltage from 0 to 60V, and ran . Comductor standard ESD_PLA
j H|“j,}m | L P e onductor: standar -
= = N ™ ] ol 0 the electron gun current at 0.4 A, 2 5V Insulator: normal PLA
electron : = i b dlfference Attached a tungsten filament
reflection [ -0.5 =~ (0.005") with screws and a ceramic,
o - L  Higher positive voltages of the Faraday cup three resistors (1.2 M, 900 M,
: Vagrl:qurgr o e ; 1
. Ress(;l)ts: slight reflection of secondary electrons (overall ) . i S 15 e . attracted more electrons from the electron 1.2 M), and soldered wires.
~ FRENTIER = |
* Designed the cup in SolidWorks with a hole to connect the g o 5 \ ‘ gun Results
ammeter. Experimen * Used as an example e ‘ = . ;
Results periments 5 .. . * Theelectron gun is emitting current, but msyiakar plastic nearte
e Failed to be a conductive cup! : * 0 10 20 30 40 50 60 ; screws melted after some time
" | e | “xperiment |1 2 2 : 2 there seems to be background noise -> More S
* Difficult to attach wires to conductive sections and in Cup Voltage |-30to30 [-60to60 |-30to30 |-10to24 |-90to90 Voltage (V) . &
the hole. A bad design! Range (Vc) |(every | (every5 | (every3V) |(every1V) | (every5 testing needed! electrons!
5V) V) V)
Trial 2: Improving Conductivity Results Conclusions and Future Plans References Trial 2: Improving Design
* Conductive plastic filament: standard ESD-PLA with multiwall carbon HO1 ey E“';‘*“t Density * The 2nd Faraday c1-1p has t-he capability to detect energy spectrums and 1. “Advanced Materials and Lab Equipment Supplier” MSE Supplies LLC, * Modeled thicker insulator layers and used a stronger insulator:
tub 051 ) \/dE was successful during testing www.msesupplies.com. PVDF
nanotubes 0.0 TN « Both the second models of the Faradav cup and electron gun have sood 2. “A Guide to the Electron Beam Machining Process.” EBM Machine, ebeammachine.com/a-
: 3N e A : : = 05 3 y cup 5 5 guide-to-the-electron-beam-machining-process/. * Tried thinner tungsten filament (0.002")
1. Printed out blocks (0.5%1X0.5 cm?) with different printer settings: g \% potential! 3. BYJU. (2025). Mass Spectrometry Instrumentation. Mass Spectrometry. Retrieved
e Speed of th ] . g \, - > E . 2025. * Added smaller screws within the cathode
p(f.'e orthe n-ozz € Blocks ay T et 5025 (ed rormat, iz =076} Aini, ek Future Plans: 4. “Confusion about How an Electron Gun Works.” Physics Stack Exchange, 10 Sept. 2018,
* Height extrusion L e ey * Simulate the electron gun-Faraday cup system physics.stackexchange.com/questions /427735 /confusion-about-how-an-electron-gun- * Created a case for backscattering
~2.51 === Section -90-91 (Deg =13; Chi2 =4.54) . . . works.
* Bed Temperature a0l Dj:w“h Er_;; 5 0 5 5o 75 100 I:\ * Continue testing the electron gun-Faraday cup system with 5. “Einzel Lens.” Wikipedia, Wikimedia Foundation, 31 Oct. 2024, Th | C lculati
* Nozzle Temperature Ve (V) Y Ve different filament currents, voltage ranges, angles, and an analyzer en.wikipedia.org/wiki/Einzel_lens. ermal Calculations
0.10 e = =44 6. Generation of Ct(Computed Tomography) Scanners.” MATLAB Number ONE, Calculated the radiation heat emitting from
0,08 | 2, matlabl.com//generation-ctcomputed-tomography-scanners. the fil t
R | | * Scanning Vc, Vg =0 Ackn OWIE d gem ents 7. lowa State University. (2025). Electron-Microscopy Introduction. Retrieved 2025. 2 FLET)
2. Tested the resistivity of the blocks and calculated volume resistivity 3 %‘ * Average energy of ions: 12 eV 8. Krebs, Gunter D. “Parker Solar Probe (PSE, Solar Probe Plus, SPP)". Gunter's Space  Used Stefan Boltzmann’s Law, Ohm’s Law,
g oo ph f o . Th fions i . L . Page. Retrieved April 03, 2025. and flux equations, and COMSOL
3. Optimized the settings to reach the lowest resistivity, for example, % e A / * | e ene(li"f,;y spe(;;crl(lim or1ons lsf * Quetzal Larrick (University of Alaska Fairbanks Space Grant Lab 9. Pillay, P. (2015). Proton Therapy. Proton Therapy for Brain and Spine Tumors. " (; "
nozzle temperature at 260 °C. 3 J926 RN o AT T TR extracted from the derivative o _ - 3. : Retrieved 2025. e Assumed surrounding temp is 293 K, an
P ° | | * + Secton 90-25 (cd nerml;Chz2 =0.70) the Ic-V curve Manager) - for being my mentor and guiding my project 10. Sutter, Paul M. “The Cost of Global Satellite Internet: Worse Astronomy.” Discovery, filament temp is 2000K.
~0.02, | 7 Section 2590 (Deg o2, Chi2 ~01%> : : * Dr. Denise Thorsen (Director of Alaska Space Grant) - for giving me Discovery, 30 Sept. 2021, www.discovery.com/space/the-cost-of-global-satellite-internet- L
Final Results: Volume resistivity decreased from ~1013 to el v oewmens * The results agree with theoretical b . in the lab -worse-astronomy. * Result: The radiation of the filament at the
2 73%10° ohm-cm. Now it can be considered conductive! T T e ey W predictions! the opportunity to workin the la 11. Tristan, D. (2023). British physicist and chemist Michael Faraday (1791-1867). surrounding plastic was around 45

e My parents - for supporting and encouraging me in this project August 29, 1831: Michael Faraday invents the transformer. Retrieved 2025. Celsius (acceptable range)
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