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Electron diffraction 
The wave-particle duality of particle beams 

► We exploit the wave nature of the electron 

► Need to detect electrons (sig.-to-noise) 

● direct-hit detector 

● in-direct hit detector 

Diffraction out to less than 0.2Å! 

l𝑑𝑑 = ℎ𝑐

2𝐸𝑘𝑘𝑘𝐸0+𝐸𝑘𝑘𝑘2
  < 0.1 𝐴̇  

 

► 0.1 A corresponds to 100 keV X-rays  

► mass & charge -> penetration depth 



  

Fluence: 2.4mJ/cm2 

T=200 K 

DT(pump) ~90 K 

tpump= 140 fs 

tprobe = 200 fs 

Direct Observation of the 
Structural Order 

Parameter   

Eicherberger, Sciaini et al, Nature 2010 



The “Molecular Dance” 
Functionally important protein motions 

Myoglobin (single subunit) 

What is the mechanism of correlated atomic displacements? 

Hemoglobin 

Structure - Function Correlation Þ resolve atomic motions on timescales 
faster than the onset of diffusive motions…..observe force correlations 



Static & Dynamic 
Time scales 



Experiments 
Large scale 



Experiments 
Small scale & with e- 

• keV FED – solid state 
• keV FED – liquid phase 
• keV FED – gas phase 
• REGAE Diffraction 
• keV time-resolved TEM 
• REGAE Dynamic RTEM 

 
 
 
 
 

REGAE 7 MeV 



Different types of movies 
Stroboscopic & real time 

► Imposes different requirements on the detector ! 

 Shutter speed = fast  Repetition rate = high 

 Shutter speed = super fast  Repetition rate = low 



Femtosecond electron diffraction 
Typical setup 

► Stroboscopic approach 



UED k-space 

► >10,000  electrons on detector are 
need to attain qualitative diffraction 
information  

► problem dependent: more electrons 
on detector are need to attain 
quantitative diffraction information  



TEM real space imaging 
A movie like in cinema 
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Source: https://www-pls.llnl.gov 



TEM real space 

► up to 1e8 electrons on detector are need to attain 
sufficient information  

► accordingly more need to be produced at the 
cathode 



Further Evolution in atom gazing:                                   
……Solution Phase Dynamics 

14 

TEM nanocell with flow! 

Christina Müller, U Toronto 



amyloid fibrils 

helical twist?? 

• fragments of the initial amyloid 
fibrils 

• solvent here: DMF/water 
(destruction of the fibril structure) 

remarkable: in liquid 
imaging of NON stained 
biological samples 

45nm 

fibril solution 

200keV 



Detector specifications 
Two different detector systems 

Joel 
JEM-2100 

REGAE  
7 MeV 

Real space images momentum space 
images 

4 x (500 x 500) 

60 µm 

60mm x 60mm 

2x 4x 

80kHz 

50 µm 
+ support 

0.5M – 1M 

moderate cooling…0 °C 

 
Non-linear 



Charge Handling 

R. Richter 
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2 fold read-out 



4 fold read-out 
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Statistics 
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Detector layers 
Pixel direction (Straggling) 

 

Sensitive Si (50µm) 

Mechanical support Si (100 µm ?) 



Statistics 
Energy direction 



Statistics 
Energy direction 
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10e6 e- 

TEM movie 

1e4 A 

1e
4 

A 50k 

0.1 e-/A2 0.1 e-/A2 

► 10 e- / A2   total area charge per 100 
frame       movie 

► 10 e- / pixel per single frame 

► for frames with 10M e- total,  
this would be 250M frames or 2.5 M movies 

             



TEM movie 

G. McMullan and a. R. Faruqi, Nucl. Instruments Methods Phys. Res. 
Sect. A Accel. Spectrometers, Detect. Assoc. Equip. 591, 129 (2008). 

0.5 mu 

0.4 e-/pixel (scaled) 40 e-/pixel (scaled) 

3500 e-/pixel (scaled) 16000 e-/pixel (scaled) 
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Work packages 
Responsibilities 



Timeline 
Commissioning 2016…… 

Next milestones: 

► decide on sensitive layer thickness   (50 µm) 

► SOI wafer production 

► decide on ASICs 

► 01.01.15 start DEPFET fabrication 



ENDE 











Further Evolution in atom gazing:                                   
……Solution Phase Dynamics 
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TEM nanocell with flow! 



negative stain image of amyloid fibrils 
 

here: dried on TEM grid 
no scale bar available 

http://atp.ncifcrf.gov/imaging-and-nanotechnology/electron-microscopy-laboratory/eml-protocols-and-resources/eml-image-gallery/ 

non stained amyloid sample in 
115nm spaced nano-cell 

 

200kV, HD-2000, DF imaging 

amyloid fibrils 

confidential  



amyloid fibril parts, 
chopped by organic 
solvent and flown into the 
viewing area 

in 45nm spaced nanocell 
200kV, HD-2000 (STEM) 

helical twist 

amyloid fibrils 

confidential  



 
6th Generation : Relativistic Electron Gun for Atomic 

Exploration (REGAE): Citius, Altius, Fortius 
  

• REGAE defines new limits in Atom Gazing 
 

• Higher bunch density/Fortius 
 

• Micro-scale samples/Altius 
 

• Higher Time Resolution/Citius 
 

Hastings, J.B. et al. Appl. Phys. Lett. 89, 184109 (2006) 
Musumeci, P. et al. Appl. Phys. Lett. 97, 063502 (2010).  
Yang JF, Kan K, Kondoh T, Yoshida, Y., Tanimura, K., Urakawa, J., Nuclear Instr. & Methods Phys. 
Res. A, Accelerators Spectrometers Dectors and Assoc. Equip. 637, S24-S29, 2011  



Layout of REGAE 

Courtesy K.F./H. D.-H. 



Simulation of Beam Properties: 106 – 107 e Bunch Charge 

7 fs  

Þ equivalent diffracted particle flux to greater than 1011  
10+ KeV x-ray photons….4th Generation Light Sources 



7 fs  

"First Light“ ¾ The very first shot gave a beautiful electron beam. 
 
107 electrons/10 fs Þ single shot movies to capture even the fastest atomic 
motions….proteins, solution phase rxn dynamics, real space imaging of 
cells….. 



Detector specifications 
Two different detector systems 

Joel 
JEM-2100 

REGAE  
7 MeV 

Real space images momentum space 
images 

► Rainer Richter wants to do some VooDoo for Factor 5-10 

► Might slow down the detector…… 
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