Production of negative helium ions via transmission through nano-foils
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Helium lon Microscope 1. Motivation 3. Results to Date
.. o
e Zeis Orion NanoFab helium 1on microscope (HIM).  He commonly made from He* and charge exchange Percent of Total Transmission (%]
 He" ion beam, 10 ~ 30 keV, < 20 pA. with alkali metal vapour (1~2% efficiency). | | He™ He* He© Other
 The semiconductor .indl.lstr}./ cangot tolerate alkali, or Foil Thickness + 49 + 0.02% + 0.01% + 10%
T — other metal, contamination 1n their accelerators [1].
J fon S T » Efficient charge exchange alternatives are desired. Pd 2 nm 0.024 8.54 1.4 0.016
Helium Gas o on souree ip Thin fo . .
o in foils as the charge exchange material are being Au 2 nm 0.022 10.18 39.8 0.011
- Extractor investigated for this purpose with the HIM at SFU. Py 5 m 0.024 037 00 6 0.016
Einzel Lens — : C 3~4 0.024 9.10 90.9 0.010
— 2. Experiment - ‘ ' | |
l 1 C 10 nm 0.023 3.33 91.1 0.011
: * Expose He* beam (0.1 ~ 0.2 pA, 30 keV) from HIM
uadrupole Pair p ‘ -
l 2 P onto nano-thickness foil, @50 pm beam spot size. SIN 10 nm 0.020 10.44 59.9 0.012
He* Beam 1  Trim exiting ion/atom beam with limiting aperture. T10y 10~20 nm 0.023 9.33 90.6 0.015
HIM Column * Separate exiting 1on/atom beam into distinct beamlets SiO, 20 nm 0.005 10 42 R0 6 0019
Anert (He", He®, He™) with a dipole magnetic field.
pETHIE  Measure beamlet intensities with a CMOS radiation 4. Outlook
Faraday Cup camera (Advacam MiniPIX). :
Octonole Pa * Calculate ratios ot transmitted 1ons/atoms. e Experiments with carbon foils agree with previous measurements [2].
CIOpoIE At <1 03 * Further experiments with 10, 15, 20, and 25 keV.
75() - — | | | | 3.5 * Future analysis will compare distributions of the He*, He?, and He™
- beams.
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Figure 2: CMOS camera measurement for 0.12 pA, 30 keV

Figure 1: Schematic diagram of the Zeiss Orion NanoFab He" beam onto a 2 nm thick polycrystalline gold tfoil for | ABS @

helium 10n microscope (HIM) and experimental setup. 505 sec. He", He?, and He™ beams 1dentified.
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Figure 3: Custom experiment setup for use in the HIM. Mounting for nano-foils on ¥3 mm TEM
orids or apertures. Includes collimating aperture, and dipole magnet: 0.020 ~ 0.075 T configurable.

Foils for Experimentation

* 3~4 nm thick Carbon: Electron Microscopy Sciences (CFGA100-Cu-UL)

* 5~6 nm thick Carbon: Electron Microscopy Sciences (CFGA100-Cu-25)

* 10 nm thick Carbon: Electron Microscopy Sciences (CFGA100-Cu-TH)

* 2 layer Graphene: Ted Pella (21920-5)

* 6~8 layer Graphene: Ted Pella (21970-5)

* 5~6 nm thick Formvar: Electron Microscopy Sciences (FFGA100-Cu)

* 2 nm thick Gold, Platinum, & Palladium: Ted Pella (21320-25), (21310-25), & (21330-25)
* 10~20 nm thick TiOy: Ted Pella (21340-25)

* 7.5 nm & 10 nm thick SiNy: Norcada (M1S18003U) & (NT005Z)

* 20 nm thick S10,: Norcada (NTOX025Y-1-50)

i i ——————
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Figure 4: Laser arrangement for alignment of foil-aperture and collimating-aperture. Foil-apertures
are V100 um circular holes, or TEM support grids. Collimating-aperture 1s a @100 um hole.
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Figure 5: Custom designed camera stage, providing mounting for two Advacam TimePIX radiation
cameras, and one degree-of-freedom motion for camera positioning in the transmitted beam path.

Kavanagh Lab @ SFU

* Focus on the properties of interfaces and nanostructures important to semiconductor
materials and devices.
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* Expertise in scanning transmission electron microscopy (STEM) with electron holography
(EH), high resolution x-ray diffraction, Rutherford backscattering spectroscopy (RBS), and
He 10n microscopy (HIM).

Dehnel - Particle Accelerator Components & Engineering

* Supplies products and services to the international commercial accelerator industry.

* Expertise include ion sources, beam diagnostic devices, and beamline systems for
research, industrial, and commercial accelerator systems.
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