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Electron holography
What direction? Single or multidomains?  Coupling between nanoparticles?
Bulk samples: optical microscopy + colloidal suspension of ferro µP

nanometric samples:
Electron holography : sensitive to the phase changes of the electronic wave – resolution: 5 nm

Electron holography—basics and 
applications
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Rep. Prog. Phys. 71 (2008) 016102 

Electron Holography for the Study of Magnetic Nanomaterials
John Meurig Thomas, Edward T. Simpson, Takeshi Kasama, and 
Rafal E. Dunin-Borkowski
Acc. Chem. Res. 41, 665 (2008)

Electrons = particles:

F = – eE – e v⊗B

Relativistic effects:

Electrons = wave: 

Relativistic effects:

In vacuum: V=0 and A=0

Ψ(r,t) = a exp(i(k0.r – ωt)) ; E  = h ω 



Electron holography
Possible thanks to field emission guns (spatial and energetic coherence)
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Holograms without sample at different biprism polarisations  
apparatus response (microscope + biprism + optics after sample). 

Holographie électronique
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by the wire

Electron holography
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Electrons = particles: 

Relativistic effects:

Electrons = wave

Relativistic effects:

In vacuum: V=0 and A=0

Ψ(r,t) = a exp(i(k0.r – ωt)) ; E  = h ω 

Electron holography

In sample: V ≠ 0 and A ≠ 0 p =     k

k = k0 (1+ V/2Ua) – e/     A.ep

Ψ(r,t) = a exp(i(k.r – ωt)) = a exp(i(k0.r + ϕ – ωt))

v  : the electron velocity

magnetic phase →magnetisation, 

stray B field

inner electric field phase → thickness, electron density, stray E field



Analysis of an electronic  hologram: 

 

Sample and reference hologram
of a Ni needle

Calculation of phases

Difference ⇒ phase due to sample

Electron holography

principe de l’holographie optique

écriture :
faisceau très cohérent

référence échantillon

enregistrement
Interférences 

phase et amplitude onde échantillon

lecture :
faisceau très cohérent

hologramme

phase et amplitude 
de l’onde échantillon

Holographie électroniqueOptical holography



Optical holography
Writing Reading

E = (O + R)(O + R)* 
= OO* + RR* + OR* + RO* 

transmittance
t = 1-A E

U = t R = A [(C+D)R + OD + R2O*O + RO*R ]

Electron Tomography
principle –PhD thesis Iliana Florea or Lucian Roiban (Ovidiu Ersen) IPCMS 
Strasbourg
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magnetic phase image of FeNi particles and scheme of 
corresponding magnetic configuration deduced from

comparison with simulations
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Electron holography

Profile of electric potential phase

Off-Axis Electron Holography of Magnetic Nanowires and Chains, Rings, and Planar
Arrays of Magnetic Nanoparticles
R.E. Dunin-Borkowski,  T. Kasama, A. Wei, S. L. Tripp, M. J. Hytch, E. Snoeck, 
R. J. Harrison, A. Putnis
MICROSCOPY RESEARCH AND TECHNIQUE 64:390 (2004)
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Fe(oleate)3 complex
in octadecene
(boiling point: 318°C)
in the presence of oleic acid (OA)+Na+

molar ratio 
R= OA / Fe(stearate)2 = 2 
heating rate to 1°C min-1
_________________________________________

Fe(oleate)3 complex
in eicosene
(boiling point: 350°C)
in the presence of oleic acid (OA)+Na+

molar ratio 
R= OA / Fe(stearate)2 = 2 
heating rate to 1°C min-1

16.5 nm

30.2 nm

a) TEM micrograph and b) size distribution (histogram) and 
dynamic light scattering (DLS) measurements (line) of iron 
oxide nanoparticles NC30 with cubic-shaped morphology.

a) TEM micrograph and b) size distribution (histogram) and 
dynamic light scattering (DLS) measurements (line) of iron oxide 

nanoparticles NC16 with cubic-shaped morphology.

Ferrite nanocubes
Preparation 

choice of size
narrow distribution

cubic shape in projection

Benoit P. Pichon, Olivier Gerber, Christophe Lefevre, Ileana Florea, Solenne Fleutot, Walid Baaziz, Matthias Pauly, 
Maxime Ohlmann, Corinne Ulhaq, Ovidiu Ersen, Véronique Pierron-Bohnes, Pierre Panissod, Marc Drillon, Sylvie Begin-Colin

Microstructural and Magnetic Investigations of Wüstite-Spinel Core-Shell Cubic-Shaped Nanoparticles
Chem.Mater. 23 (2011) 2886

High resolution TEM micrographs of cubic-shaped NC16 nanoparticles and fast 
Fourier transform related to the observed isolated nanoparticles.

High Resolution Transmission Electron Microscopy 



High resolution TEM 
micrographs of cubic-shaped 
NC30 nanoparticles and fast 

Fourier transform related to the 
observed isolated 

nanoparticles.

High Resolution Transmission Electron Microscopy 
(2) 

single crystal
or 

coherent core-shell

c) Transversal slice, 
orthogonal to the 
longitudinal one, taken along 
the plane marked in red in b). 
d) 3D representation of the 
external shapes of the two 
analysed cubic-shaped 
nanoparticles.

a) Example of 2D-TEM 
image extracted from the 
projection tilt series used to 
reconstruct the 3D structure 
of the objects NC30. b) 
Typical longitudinal slice 
through the reconstructed 
volume perpendicular to the 
electron beam axis.

Electron Tomography in classical TEM

3D cubic shape



global view 8kX wire @ 150V (out of interference zone )
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100 nm100 nm
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holograms 40kX wire @ 150VElectron holography
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face 1 face 2 MIP= mean internal potential = ½+ MAG= magnetic phase=½ -



magnetic cubes made of platelets on a non magnetic core

O

FeO (AFM) core
Fe3O4 (FM) shell

plain cubes

Electron Tomography in STEM-HAADF

a) 2D STEM-HAADF image 
at 0° tilt, extracted from 
the tilt series used to 
reconstruct the volume of 
a core-shell NC30c (64 
days) NP. 

b) Slice of the reconstructed 
volume. 

c) Projection computed from 
the reconstruction in the 
direction indicated by the 
white arrow in b). 

d) Mean profile obtained by 
averaging the line profiles 
contained in the green 
area drawn on the 
computed projection of c).

higher density in core
3D cubic shape core

Scanning Transmission Electron Microscopy In High Angle Annular Dark Field (bright = large Z) 
_



a b

CoPt nanoparticles epitaxied on NaCl
transferred on C membrane

Holography ⇒ superparamagnetic
Tomography ⇒ slightly truncated octahedrons

side view
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Thank you for attention !

Electron holography
Possible thanks to field emission guns (spatial and energetic coherence)

V : scalar
unchanged when sample flipped
A : vector
reversed when sample flipped
→ contribution separation
making 2 measurements



Electron holography

1                  2


