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Building a positron microscope...

» Intense positron source (radioactive isotope, accelerator, reactor)
with small phase space

Mono-energetic positrons needed —
efficient moderation.
solid noble gases (Ne), some pure metals (W, Mo)

Remoderation: brightness enhancement
Electrostatic acceleration
Electromagnetic beam guiding

Focusing into the micron range

Scanning the beam (electromagnetic) or
scanning the sample (motorized stage)

Physical resolution limits:

» Lateral: 0.2 - 2 um (depending on positron energy and defect density)
» Depth: 0.1 - 5 ym (depending on positron energy)




Positron microscope at the LLNL (e’-lifetime)

300 positrons per bunch,
20 MHz bunch repetition
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Positron microscope at the FRM II (e-lifetime)

W. Triftshauser, G. Kogel, P. Sperr, D.T. Britton, K. Uhlmann, P. Willutzki, Nucl. Instr. Meth. B 130 (1997) 264




Microhardness indentation in GaAs

Krause-Rehberg et al., 2002
sgZ285 SE 1888x posi MHE 31.87.82




The Bonn Positron Microprobe (Doppler spectroscopy)

moderator condensor lens prism

positron
source

condensor lens

intermediate high voltage
voltage

Specifications

Gammas in photopeak: 1500 cps

Background: 0.7 cps

4.5 - 30 keV
0.3 - 30 keV

Energy range

Beam diameter 5—200 pm

e : <12 nm

Ge - detector
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elektron gun

} condensor zoom

objektive lens

motorised table
AXx=1 um

H. Greif, M. Haaks, U. Holzwarth, U. Ménnig, M. Tongbhoyai, T. Wider, K. Maier, APL 15 (1997) 2115







Positron beam geometry (Simion 7)
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Tensile test: stress-strain-curve

well annealed carbon steel AISI 1045
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Cyclic plastic zone at a fatigue crack

Compact tension fatigue: stainless steel AISI 321
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Cyclic plastic zone at a fatigue crack 0

Rotating bending fatigue: TiAl6V4
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Three-point bending test on AISI 1045: Positrons / X-rays

P Linear stress X-ravs:
gradient ys-

> Neutral plane in Lateral resolved Debye-Scherrer
the center of the diffraction at 67 keV
sample Beam diameter: 1.5 x 0.1 mm’
Powder condition: ~40000 grains

_ (hard X-ray beam-line at PETRAII,
Positrons from BPM Desy/Hasylab, Hamburg)
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Cracktip in CT geometry (AISI 1045): Positrons / X-rays
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High cycle fatigue: 7 x 10° cycles
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Hydrogen in aluminum alloys: AA 2024 and AA 6013

cyclic plastic zones produced in corrosive environment:
diffusion of vacancies hindered by hydrogen

AA 2024 (At%: Mg 1.6 Cu: 4.4)

directly after crack production 2 weeks later 6 weeks later
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Micro-scratch on GaAs surface

» Ductile behavior:
Plasticity due to
hydrostatic pressure

t

IAH

;
jp Tiphs

'y

ductile

brittle

S S ———
b e S

200 400 600

==mp- scratch direction [um]




Prediction of fatigue failure:
Defect density as precursor for fatigue failure
[b Material failure === Critical defect density <= Critical S-parameter J
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Localization: Lateral defect structures during fatigue
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Geometry with defined stress concentration

Stress concentrated
in small volume
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» Strongly localised defect
distribution expected




Cyclic load ¢ = 160 MPa
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Failure prediction using the critical defect density
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Failure prediction using the critical defect density
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A commercial SPM...
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A commercial SPM...

Ge-detector/LN,

source & moderator:
prepared and maintained
externally

electrons

EM column

sample chamber
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