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Incoming 
radiation 

Kinematical scattering 
Single scattering 
Ihkl ~ (Fhkl)2 
 

Always the case for X-ray 

Dynamical scattering 
2-beam scattering 
Blackman formula 
Ihkl ~ Fhkl 

Dynamical scattering 
Multi-beam? 

Weak 
interaction Strong interaction 

Courtesy  Dr. E.Mugnaioli  Univ of Sienna 

  Electron  diffraction : Dynamical effects  
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De-scan 

Scan 

Sample 

Conventional Diffraction 
Pattern Precession… Precession 

Diffraction Pattern 

(Ga,In)2SnO5 Intensities 
412Å crystal thickness 

Non-precessed 

(Diffracted 
amplitudes) 

Precessed 

After C.Own PHD  

  Vincent-Midgley   Precession Method 
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0º 
3º 

      Precession  unit  Digistar  
more kinematical ED intensities 
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       ASTAR :  orientation &  phase mapping 
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➢ 180  installations  world-wide  in TEM 

                 ASTAR : EBSD type tool for TEM 

     ASTAR: TEM  Orientation  and  Phase  Mapping 
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1 µm 
   

Orientation map 

Scan  sample  
       area   

Orientation map 

                     ASTAR : EBSD type tool for TEM 

 ASTAR : Automated Crystal Orientation Mapping 
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                  Multi-twinned gold particles  (JEOL  ARM 200)  

Virtual Bright-Field                  Orientation + Reliability              DP cross-correlation 

        ASTAR :  1 nm  spatial  resolution orientation  map 

                         ASTAR : EBSD type tool for TEM 
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Magnetite   nanocrystals and  magnetotactic  BACTERIA  

Data, coutesy Dr. J.Bourgon CNRS  Thiais   

ASTAR  orientation map 
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ARM 200 FEG  
    Double Cs 

ARM 300  
Double Cs 

TITAN  LOW  Base 

TITAN   HIGH  Base 

          NanoMEGAS  -   TEM  Cs  corr / high end  microscopes 

F200 TALOS 

HF5000 

 
>    400  PED   related 
            articles  in 12  years 
 >  180  installations  worldwide 
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ORIUS  OneView  

ASTAR  compatible with 
Direct Detection cameras 

ASTAR   and  PIXELATED  DETECTORS 



www.nanomegas.com 

ASTAR   and  PIXELATED  DETECTORS 
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ASTAR orientation / phase mapping :   
in  SITU and correlative microscopy 

0 % strain 
6.5 % strain 
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  ASTAR - in  situ texture analysis and  HEATING  
                    of Nd-Fe-B  powder  particles  

RT 550 °C 

Courtesy Dr. L. Molina Luna  TU Darmstadt  Germany 
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                                          In  situ  LC- TEM :  the   Nano-aquarium 

Collaboration wiith   
Dr. A.Demortiere  
Univ Picardie France 
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ASTAR Virtual brightfield ASTAR Phase Map with index 
quaility and phase reliability 

  ASTAR  : ORIENTATION & PHASE MAP  IN LIQUIDS 

(a) TEM bright field image of gold nanoparticles in water (b) ASTAR 
phase mapping  where shows all crystals are gold and (c) ASTAR  
orientation map,different colors represent different orientations shown in 
the stereographic  triangle  (Coutesy Dr. Muriel Veron CNRS Grenoble 
France) 

LC spacer 
150 nm 
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     Strain mapping at nm scale 
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   STRAIN  ON  SEMICONDUCTOR  DEVICES 

Thompson et al., IEEE Trans. On Electron 
Devices, VOL. 51, NO. 11, 2004 

pMOSFET Industry Requirements 
• Desired spatial resolution ~ 1 nm 
• Strain sensitivity << 0.1% 
• Highly automated 
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     Conventional Nano-Beam Diffraction 

Strain determined by 
measuring shift in spot 
positions 

 

Advantage 

 High spatial resolution - 
better than 1 nm 

 

Disadvantage 

 Dynamical diffraction --
thickness related effects 

 
 

D Cooper et al., Journal of Physics: Conference 
Series 326 012025 (2011). 
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1º 

3º 2º 

0º 0.5º 

               PED  is  “ideal”  (X-Ray like)  kinematical pattern  
                     INDEPENDENT  of  thickness variations !  

Vincent-Midgley Precession Method 

     Strain Measurement via NBD with  Precession   
                    & Automated Analysis 
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     TOPSPIN  Strain Measurement Analysis 

• Diffraction patterns from strained region are matched against a reference pattern 
• All pixels utilized, not just selected spot centers 

Distortion 
matrix  

In plane strain and rotation tensor 

Input 

Non- Linear 
Optimization 

US & EU Patents  
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    Typical performance of  Topspin Strain 

 Practical spatial resolution @ 1 degree precession angle :       1 to 5 nm 
(FEG TEM) 

 Sensitivity (precision) @ 1 degree precession angle : 
0.1% to 0.01 % 

 Spatial resolution and sensitivity depents on model TEM, beam current, 
beam convergence and sample quality/thickness 

 Fast and automated 1D & 2D Strain Mapping  
at the nanoscale  
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  pMOS Strain Mapping with precession 

Reference diffraction 
pattern 

Topspin bright field STEM  

x 

y 

Virtual bright field image 

TEM: JEOL ARM200F 
Step size: 3 nm 
Precession angle: 0.7° All strain values in percent 
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εxx (022) line profile
εyy (200) line profile

Same pMOS region without precession 

TEM: JEOL ARM200F 
Step size: 3 nm 
No precession All strain values in percent 

  pMOS Strain Mapping without precession 
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Courtesy  Prof. K.Hemker  Jons Hopkins University 

          Strain Mapping in metals 
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Study Amorphous  materials  
with  e-PDF 

27 



www.nanomegas.com 

Solubility vs time for crystalline and 
amorphous indomethacin in water 
(Book A.Newman Pharmaceutical 

ASD Wiley 2015) 

Amorphous /short range order systems can be 
described by  the Pair Distribution Function (PDF) 
that  provides the probability of finding a distance “r” 
between two atoms in the material 

28 

STUDY   AMORPHOUS MATERIALS 
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A total pa ir-distribution function (PDF)  is obtained by repeating 
this process systematically by placing each atom in the origin. 

Z. Kristallogr. Supp. 26(2007) 17-26 *R refers to radial distribution function 
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STUDY   AMORPHOUS MATERIALS 
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Normalization to calculate S(q) 

Corrected and Integrated data I(q) 

Fourier transformation 

Corrected and Integrated data I(q) 

Normalization to calculate S(q) 

Fourier transformation 
Qmax for FT Qmax for FT 

    PDF  for   amorphous and  nanomaterials 

Long  range  order 

X-Ray  diffraction data  I(q) amorphous Nanomaterial 

PDF PDF 
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   Comparison  e- PDF vs  Synchtrotron   X-Ray PDF  
                            Au  nanoparticles   

Reference: Billinge et al. Condensed Material  2012 

Fitting of Au structure model  
           with  PDF  
  
(a) e- PDF calculated from ED Data  
(b) PDF  calculated from X-Ray data 

PDF obtained from election diffraction data and PDF   
obtained  from X-ray are fully  comparable , using   
e-PDF very small  amorphous areas  can be studied 

(b) 

Electron  

X-Ray (Synchtrotron) 

(a) 
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Local Structure of Opal Type C (α-Cristobalite) 

Honduras Opal: Understanding the Local Structure 

Structure of tridymite 

Opal is hydrated silicon dioxide 
 
Can be Microcrystalline, Nano Crystalline or Amorphous 
 
Microcrystalline opal are stacking of cristobalite and tridymite over very short range scale 



www.nanomegas.com 

Honduras Opal 

Data Collected on Zeiss 120 KV 

1.535 Å (Si-O) 

4.153 Å 

2.589 Å (O-O) 

PDF Plot from raw data and Peak Positions below 5 Å 

Mineral: Crystobalite SiO2 
 a=7.12 Å (cubic) 

Bond Distances Below 5 Å 
Si – O : 1.5415 Å 
O – O : 2.5173 Å 
Si – Si : 3.0831 Å 
Si – O : 3.8794 Å 
O –O :  4.3601 Å 

4.736 Å 

Electron -PDF   analysis  : few  seconds ! 

SHORT  RANGE  ORDER 
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A2 

 
  

    
    

A1 

A1  region                 SiO2     amorphous 
A2 (black)  region    Si3N4   amorphous 

       e-PDF  analysis  on  amorphous  semiconductors 

Image courtesy  E.Rauch and  SIMAP 
Grenoble, ST Microelectreonics  
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Distances  found   from  PDF  analysis   match   Si3N4   amorphous  
 
1.10 Å  
1.747 Å 
2.75 Å 
  

Si3N4 

  

  

Gatan CCD 2kx 2k Qmax 10 Å-1  

       e-PDF  analysis  on  amorphous  semiconductors 

Image courtesy  E.Rauch and  SIMAP 
Grenoble, ST Microelectreonics  
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  3D  Diffraction  Tomography 
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             3D Diffraction  Tomography  
      TEM  Precession  Electron  Diffraction 
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 SOLVING   CRYSTAL   STRUCTURES  WITH  PED 

                HIGH   PRECESSION   ANGLE      
IMPROVES CRYSTAL STUCTURE  DETERMINATION 

Own et al. (2006), Acta Cryst. A62  

SYNCHTROTRON 
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Electron diffraction acquisition 

     1° Tilt  
(total +- 60°) 

 Crystal tracking 

3D  TEM diffraction 
tomography :   

3D   reconstruction 
of  reciprocal 

space 

500 nm 

     3D  Diffraction  Tomography 

✓ complete or almost complete diffraction data to extract unit cell and  crystal symmetry 

✓ conceptually simple,  data can be taken with any CCD  camera  

✓ solution of structures by direct methods  or simulated  annealing 

       R close to  15-35 %   :  reveal   all  3D  atomic positions  with  5-30  pm  precision  ! 

Kolb et al  Ultramicroscopy  (2007) 

39 
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Hemimorphite Reference structure 
(X-ray and neutron diffraction) 

3D precession diffraction      
     Tomography 

Atoms Label X Y Z X Y Z ∆(Å) 

Zn Zn 0.2047(1) 0.1613(1) 0 0.205 0.160 0 0.02 

Si Si 0 0.1465(2) 0.5076(5) 0 0.141 0.529 0.12 

O O1 0.1604(8) 0.2055(1) 0.6363(4) 0.152 0.217 0.657 0.18 

O O2 0 0.1669(2) 0.1938(4) 0 0.156 0.204 0.12 

OH O3 0.3050(2) 0 0.0410(6) 0.289 0 0.073 0.21 

O O4 0 0 0.5912(6) 0 0 0.601 0.05 

H2O O5 1/2 0 0.5195(13) 1/2 0 0.491 0.15 

Mayenite Reference structure Electron 

Atoms Label X Y Z X Y Z ∆(Å) 

Ca Ca 0.89096(5) 0 3/4 0.902 0 3/4 0.14 

Al Al1 0.01866(3) 0.01866(3) 0.01866(3) 0.018 0.018 0.018 <0.02 

Al Al2 ¼ 7/8 0 ¼ 7/8 0 - 

O O1 0.18556(3) 0.18556(3) 0.18556(3) 0.184 0.184 0.184 0.03 

O O2 0.44182(4) 0.15035(3) 0.03677(4) 0.439 0.148 0.041 0.06 

Y0.8Pr0.2Ba2Cu3O7 Reference structure Electron 

Atoms Label X Y Z X Y Z ∆(Å) 

Ba Ba 0.5 0.5 0.1850(2) 0.5 0.5 0.1874 0.05 

Y/Pr Y 0.5 0.5 0.5 0.5 0.5 0.5 - 

Cu Cu1 0 0 0 0 0 0 - 

Cu Cu2 0 0 0.3565(5) 0 0 0.355 <0.02 

O O1 0 0.5 0 0 0.5 0 - 

O O2 0 0 0.1566(23) 0 0 0.160 <0.02 

O O3 0.5 0 0.3776(21) 0.5 0 0.382 0.06 

O O4 0 0.5 0.3765(21) 0 0.5 0.383 0.06 

    3D  TEM Diffraction  Tomography  for 3D atomic structure solution 

    Kinematical  refinement :  Find  all  3D atomic positions   
                            with  2-15 pm accuracy ! 
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    > 300 structures solved with  ED  (2004 - 2019) 
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PROTEIN  CRYSTAL STRUCTURE -  PRECESSION DIFFRACTION  TOMOGRAPHY 
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   4D STEM ELECTRON   DIFFRACTION   AND PIXELATED  DETECTORS 

Accurate  orientation/phase maps 
 
More  accurate  structures with ED 
 
Low  dose    sensitive  materials  
 
Dynamic phenomena  in   LC 
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 Merci  pour votre attention ! 

     COWORKERS 
 
      Daniel  Bultreys (NM) 
 
     Joaquim Portillo (NM) 
     Partha  Das  (NM) 
     Alex Gomez (NM) 
     Thanos Galanis (NM) 
 
      Alan Robins (NM) 
 
Muriel Veron (CNRS  Grenoble) 
Edgar  Rauch (CNRS Grenoble) 
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