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What are the Challenges?  
If you can’t Detect it then you can’t Measure it!
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One of the important limiting factors in 
Imaging or Spectroscopy is Signal
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Electron  Damage can take many forms
depending upon the material and the probe conditions 

Au NP /  ZnO 

Focussed 
Probe

Broad
Beam
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Displacement Damage in Crystalline Materials 
 

Damage Creation Event/Process

Mobile
Vacancy & Interstitials
Created
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Atomic Displacement                                        Sputtering                                         Melting

0.0 Dc 0.4 Dc 0.8 Dc 1.0 Dc

Amorphization

Radiation Damage in Hard vs Soft Materials
Displacement versus Ionization 
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Polystyrene :  Radiation Damage Effects on 7 eV Loss Peak 

PMMA:  Radiation Damage Effects on Low Loss “Plasmon” Peak 
Start Spectrum
End Spectrum 
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Radiolysis of Soft/Organic Matter

Soft Matter Imaging Limit ~ few tens, to hundreds,  to  few thousand e/Å2 

100 keV @  1 e/Å2  ~  4 MGrey
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Sodium Phosphate 
on SiN

100 sec ~7.7 x 104 e-/nm2 (~770 e-/Å2). 
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t = 0 @ 100 usec/pixel
~300 e-/Å2

!t = 33 msec/pixel
~1.05x105e-/Å2 

Polyamide Filtration Nanomembranes
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t=0
~300 e-/Å2

t = 33 msec/pixel
~1.05x105e-/Å2 

Polyamide Filtration Nanomembranes

~ 2nm / 0.2nA
100usec/pix
333 frames 
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Polyamide Filtration Nanomembranes
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Polyamide Filtration Nanomembranes
Hyperspectral Imaging                                                                                         

ThermoFischer/FEI Dual X ~ 2 sR

!t = 1 msec/pixel !t = 33 msec/pixel

+ Spatial Temporal  Event Spectroscopy (X,Y,E,t)
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Cu & Pb Zn & PbCu & Zn

Polyamide Filtration Nanomembranes

!t = 33 msec/pixel
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Localization of Heavy Metals to 
Site specific Membrane features

Polyamide Filtration Nanomembranes
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Is there ever a “safe” zone?  

Damage is Material and Dose Dependant
XEDS – additionally Instrument Dependent
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Calculated Cross-Sections & Stopping Power

Egerton 2012
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Calculated Sputtering Cross-
Sections

3nm
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Radiation Induced Segregation 
 

Migrating defects preferentially transport elements in initially homogeneous 
alloys, changing local compositions near defect sinks.

 Surfaces, Grain Boundaries, Dislocations

Neutrons

Electrons

Ions

Gamma’s

Damage Creation Event
Mobile
Vacancy & 
Interstitials
Created
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Radiation Induced Segregation 
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Inverse Kirkendall Effect Results in Preferential Solute Transport to Defect Sinks

Radiation Induced Segregation 
 

Journal of Nuclear Materials: 83 (1979) Okamoto & Rehn
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Radiation Induced Segregation 
 

•Concentration Gradiants = Function of Diffusion Coefficients

SINK

x

DAvDBv
DAiDBi

<

SINK

x

DAvDBv
> DAiDBi

CAo CAo

Journal of Nuclear Materials: 83 (1979) Okamoto & Rehn

•Solute Size Effects  :  Undersize Solutes  Enrich at Sinks
:  Oversize  Soultes  Deplete  at Sinks
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Radiation Induced Segregation 
 

3 MeV Nickel Ion Irradiation- 3 dpa  
Ni - 6Al - 6 Si 

150 nm
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Radiation Induced Segregation 
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Radiation Induced Segregation 
 

35

Selected area diffraction patterns of individual grains are recorded as a function of dose
 to establish the critical dose for amorphisation (Dc).

Radiation Damage v. Dose 
monitored using the HVEM-Tandem at ANL 
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Selected area electron diffraction patterns as a function of 
irradiation dose

Dc – critical dose, dosage of radiation required to amorphise 
the sample

0.0 Dc 0.4 Dc 0.8 Dc 1.0 Dc

IVEM-Tandem Irradiation experiments
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Rutile

Dc = 0
Native 
State

Dc = 5
Fully 
Amorphized 
State

Typical Specimen
used in the EELS work 
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CaTiO3

Orthorhombic Pcmn

HARECXS of radiation damaged perovskite
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IVEM-Tandem 
Results 

for LaxSr1-3x/2TiO3 

Tc – temperature above which no amorphization can occur
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EELS Measurements

Figure 2. The Ti L edges of undoped zirconolite before and after ion 
irradiation, and two Ti standards (TiO2 and Ti2O3)
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Anatase

Dc = 0

Anatase

Dc = 5
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OKTiL

Rutile Comparison Dc = 0 / 5
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