Positron microscope

» fast positrons emitted by a " radioisotope

* spatial resolution = 100 um (positron stopping depth)

 non-destructive mapping of spatial distribution of defects



Positron microscope

Ultra fine grained Cu HPT (p = 6 GPa)
» mapping of spatial distribution of defects
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Positron microscope

Ultra fine grained Cu HPT (p = 6 GPa)
» mapping of spatial distribution of defects
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» measurement of Doppler broadening T

* S-parameter mapping
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Positron microscope

 Ultra fine grained Cu HPT (p = 6 GPa)

» S-W plot
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Positron microscope

* slow positrons moderated in a slow positron beam

* the mean implantation depth of £ ~ 1 keV positronsisz,,,,, = 10 nm

* spatial resolution is limited by positron diffusion length L. = 100 nm

» mapping of lateral distribution of defects + depth profile of defects

 non-destructive 3D mapping of defect distribution



Positron microscope

* brightness of positron beam
* brightness of commercially available e* sources is
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Positron microscope

* remoderation
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Positron microscope

* remoderation
* clectrostatic remoderator

* reduction of beam spot size = 10 x

Kogel, EPOS meeting 2002

 remoderator with magnetic lens

* magnetic separation of primary beam and remoderated e*

* reduction of beam spot size = 100 x




Positron microscope

* remoderation : :
» remoderator with magnetic lens

* clectrostatic remoderator +

* magnetic separation of primary beam and remoderated e

» reduction of beam spot size * 10 X, .o qyction of beam spot size ~ 100 x
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Positron microscope

* scanning positron microscope

 TU Munich

» focused pulsed slow e beam

* spot size of focused beam = 2 pm
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» AE — dispersion of transversal e” energy
» f— focused length of electrostatic lens
* C, — spherical aberation

* R — beam radius

Kogel et al. Appl. Surf. Sci. 116, 108 (1997)
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Positron microscope

* scanning positron microscope

TCN

» TU Munich remoderator
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Positron microscope

* scanning positron microscope
example of positron lifetime spectra measured on SPM, E = 8 keV
* TU Munich

» focused pulsed slow e beam

e time resolution = 250 ps

counts
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Kogel et al. Appl. Surf. Sci. 116, 108 (1997)



Positron mikroskope

* scanning positron microscope

 TU Munich

* spatial resolution = 2 um

* S1 substrate with etched pattern

SEM image

SPM image (mean positron lifetime)

David et al. Phys. Rev. Lett. 87, 067402 (2001)



Positron microscope

e scanning positron microscope
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Positron microscope

* scanning positron microscope 250
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Positron microscope

* transmission positron microscope

 KEK Tsukuba

* positron source: LINAC

Remoderator Ni(100)  Electron gun Specimen Detector (MCP)

Matsua et al. Nucl. Insr. Meth. A 645, 102 (2011)



Positron microscope

* transmission positron microscope remoderator (brightness enhancer)

 KEK Tsukuba

* positron source: LINAC

Matsua et al. Nucl. Insr. Meth. A 645, 102 (2011)



Positron microscope

* transmission positron microscope

 KEK Tsukuba

* positron source: LINAC

Matsua et al. Nucl. Insr. Meth. A 645, 102 (2011)



Positron microscope

* transmission positron microscope

* 10 nm Au (100) foil on a supporting Cu mesh

positrons electrons

Au Foil

Au Foil

Matsua et al. Nucl. Insr. Meth. A 645, 102 (2011)



Positron microscope

* transmission positron microscope

* 10 nm Au (100) foil on a supporting Cu mesh - diffraction

positrons electrons

Matsua et al. Nucl. Insr. Meth. A 645, 102 (2011)



Positron microscope

* transmission positron microscope

* 35 nm Al foil on a supporting Cu mesh - transmittance
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