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Down to the micron range: ideas and techniques

Application to material science

Scanning Positron Microscopy (SPM):

The Bonn Positron Microprobe (BPM)

A commercial SPM?



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

Physical resolution limits:

Electrostatic acceleration

Electromagnetic beam guiding

Focusing into the micron range

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

Lateral: 0.2 - 2 µm (depending on positron energy and defect density)

Depth: 0.1 - 5 µm (depending on positron energy)
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Positron microscope at the LLNL (e -lifetime)+
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Positron microscope at the FRM (e -lifetime)II +



Positrons

Krause-Rehberg et al., 2002

SEM

Positrons

Krause-Rehberg et al., 2002

SEM

Microhardness indentation in GaAs
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Specifications

1500 cps

Background: 0.7 cps

e+: 4.5 � 30 keV

e
-
: 0.3 � 30 keV

e+: 5 � 200 µm

e
-
:

Gammas in photopeak:

Energy range

Beam diameter
�12 nm

condensor lenscondensor lens prism

intermediate
voltage

high voltage elektron gun

condensor zoom

positron
source

objektive lens

moderator

sample

motorised table
x = 1 m

Ge - detector
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The Bonn Positron Microprobe (Doppler spectroscopy)



electrode on
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22Na source 10 mCi
Ø 500 µm
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Au
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W-moderator:
single crystal
with 500 nm
W-foil

Source and moderator
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Positron beam geometry (Simion 7)
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Tensile test: stress-strain-curve
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Cyclic plastic zone at a fatigue crack

Compact tension fatigue: stainless steel AISI 321
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Three-point bending test on AISI 1045: Positrons / X-rays
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Beam diameter: 1.5 × 0.1 mm
Powder condition: ~40000 grains
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Cracktip in CT geometry (AISI 1045): Positrons / X-rays

X-ray beam diameter: 0.1 × 0.1 mm
powder condition: ~1500 grains

2

Bad

-500 0 500 1000

-600

-400

-200

0

200

400

600

-500 0 500 1000

direction of crack growth [µm]

1.000

1.004

1.014

1.025

1.035

1.045

1.055

S-parameter

positrons
Debye-Scherrer

-iron {200}�

0.00

0.02

0.04

0.06

0.08

relative
Lattice
distortion

crack tip
opening

plastic zone

cy
cl

ic
lo

a
d

Compact Tension (CT)

High cycle fatigue: 7×10 cycles
5

direction of crack growth [µm]

lo
a

d
d

ir
e

ct
io

n
[µ

m
]

X-rays

-600

-400

-200

0

200

400

600

lo
a

d
d

ir
e

ct
io

n
[µ

m
]



[µm]

AA 2024 (At%: Mg 1.6 Cu: 4.4)
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Micro-scratch on GaAs surface
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Prediction of fatigue failure:
Defect density as precursor for fatigue failure

Critical S-parameterCritical defect densityMaterial failure
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Localization: Lateral defect structures during fatigue
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Geometry with defined stress concentration

VonMieses stress: FEM simulation

Stress concentrated
in small volume

cy
cl

ic
lo

ad

Strongly localised defect
distribution expected

FEM: VonMieses-stress �VM
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from crack tip: = 1.052(2)Scrit
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A commercial SPM...

moderator
preparation

linear

guiding

preparation
chamber

source & moderator

prism

electrons

EM column

sample chamber

Ge-detector/LN2



A commercial SPM...

source & moderator:
prepared and maintained
externally

prism

electrons

EM column

sample chamber

Ge-detector/LN2
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