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� Characteristics of HPC detectors 

� Data collection – best practice 

� Accurate data 

� Fine φ-slicing 

� Anomalous data 

� Low intensity/high multiplicity 



The perfect detector should have 
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� High dynamic range 
Measure weak and strong reflections simultaneously 

� No readout noise 
Measure weak reflections accurately 

� Uniformity 
Measure differences accurately 

� High quantum efficiency 
Minimize dose 

� High spatial resolution 
Resolve large unit cells 

� High frame rate  
Continuous rotation collection 



Hybrid Photon Counting technology 
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  Hybrid pixel   +   single-photon counting 
= Hybrid Photon Counting (HPC) 
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Hybrid Photon Counting technology 
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Direct detection of X-rays  
in silicon sensor  

→ Quantum yield nearly 100% 
→ Point spread function of 1 pixel 

Single photon-counting in 
CMOS 

→ No readout noise & dark current  
→ High dynamic range (20 bit) 

→ Fast readout 
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Hybrid Photon Counting technology 
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Modular assembly of HPC detectors 

PILATUS detectors are built as arrays of PILATUS modules.  

Silicon hybrid 
assembly  

Module active area: 83.8×33.6 mm2  

487×195 pixels = ~100k pixels 

Pixel pitch 172 µm 



High dynamic range, no point spread 
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CCD  PILATUS   
16 bit (65 535 ADU)  20 bit (1 048 575 counts) 

Insulin 
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High dynamic range, no point spread 
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CCD  PILATUS   
16 bit (65 535 ADU)  20 bit (1 048 575 counts) 

Insulin 
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Resolution of large unit cells 
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EIGER 
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Resolution of spots 
from a 1000 Å unit cell 
with diffraction to 2.3 Å 

Images courtesy of 
Arnau Casanas @ PSI 



Fast readout and high frame rates 

•  Fast readout (PILATUS3 X: 0.95 ms; EIGER X: 4 µs dead time) 

!  shutter-free, continuous rotation data collection 

•  High frame rates (>100 Hz with EIGER and PILATUS3) 

!  complete datasets in less than 10 s 
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PILATUS3 2M 



Noise-free detection 
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No readout noise 
No dark current 
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Negligible X-ray background 
PILATUS 12M in vacuum (I23 @ DLS) 
No air absorption, no scattering (no solvent) 
Near perfect background of zero counts 

Bragg scattering from germanate crystal. 



Accuracy of intensity estimates 
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Pflugrath, J.W. (1999). Acta D 55, 1718–1725. 

Relativeerror [%]
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          Q   : Quantity of photons 
    var(Q)   = Q 
       σ(Q)   = [var(Q)]1/2 = Q1/2 
 
          I   : Observed intensity 
          I   = Σ(Peaki - Bkgi) 
    var(I)   = Σ[var(Peaki) + var(Bkgi)] 
         Rerr   = σ(I)/I 



Fine φ-slicing minimizes background 
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Wide ϕ-slicing 
•  Δϕ > ξ 
•  Lots of background 
•  Few images 

Fine ϕ-slicing 
•  Δϕ � ξ 
•  Minimal background 
•  Many images 
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Fine φ-slicing without readout noise 
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Detector'with'readout'noise'(CCD)'

more%images%and%smaller%Δϕ%

minimize'
background'

minimize'
readout'noise' compromise'

Hybrid'pixel'detector''
without'readout'noise'

minimize'
background'

more%images%and%smaller%Δϕ%

take'full'advantage'
of'fine'ϕ=slicing'
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 � Test crystals: insulin, thaumatin, lysozyme, thermolysin 

� Beamline X06SA at SLS 
� Wavelength: 1.000Å, thermolysin: 1.282Å (zinc edge) 

Swiss Light Source, Paul Scherrer Institut  

�  MX Group, Meitian Wang 

�  Marcus Müller, Clemens Schulze-Briese 

�  Ezequiel Panepucci 

Data collection and processing 
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Interleaved data collection 
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Each series: 

� Same position of single crystal 

� Same angular speed and dose rate 

�  Interleaved data collection: 
Even dose distribution over 
compared data sets.  

data 
set 

a b c d 

Δφ [°] 0.04 0.08 0.16 0.32 

t [s] 0.1 0.2 0.4 0.8 

images 1200 600 300 150 

φ [°] 48 48 48 48 
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16 series of 5 to 7 datasets 
with increasing Δφ 
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Fine φ-slicing increases overall I/σ(I) 
and decreases Rmerge 

normalized values 

Rmerge I/sig(I) 



Fine φ-slicing improves anom. signal 

21 

anomalous signal/noise 
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anomalous peak height 



Fine φ-slicing lower mosaicity values 
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� More accurate spot centroids, better sampling of intensities 

� Better estimate of crystal mosaicity for finer Δφ. 

� Asymptotic minimum for small Δφ. 

Hybrid Photon Counting technology for accurate data 

mosaicity 
mosaicity 



Best data at Δφ ≈ ½ mosaicity 
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Highest shell statistics improve substantially 
=> fine-slicing extends maximum resolution of data set 

Δφ = ½ mosaicity 

Δφ = ½ mosaicity 
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Rmerge I/sig(I) 



Fine φ-slicing improves data quality 
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Δφ ≈ ½ mosaicity improves: 
�  overall statistics 
�  highest-shell statistics 

�  anomalous signal 
�  number of overlaps 

Detector must be free of 
readout noise. 

 

Computer resources required. 



Mosaicity in XDS and Mosflm 
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Crystal in12a1 in12c ly08c th01c th02c tl02c 

XDS [°] 0.07 0.07 0.23 0.08 0.18 0.10 

Mosflm [°] 0.18 0.14 0.68 0.20 0.48 0.31 

Ratio Mosflm/XDS 2.6 2.0 3.0 2.5 2.7 3.1 

Hybrid Photon Counting technology for accurate data 

XDS and Mosflm differ 
in their definition of mosaicity. 



Processing is difficult – use XDS 
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-  Fewer photons per spot 
→ XDS gets better all the time  

-  More images to assemble spot profiles 
 
→ use finer grid for profile fitting 

 NUMBER_OF_PROFILE_GRID_POINTS_ALONG_ALPHA/BETA=5215
5NUMBER_OF_PROFILE_GRID_POINTS_ALONG_GAMMA=5215

Hybrid Photon Counting technology for accurate data 

or use 



Readout time affects data quality 
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Up to 25% readout time is ok 
if spots are sampled finely enough 

This is not good! 



EIGER measures without dead time 
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EIGER X 16M @ 
PSI PXI and NSLS II EIGER X 9M @ 

Soleil Proxima 2 

4 µs between successive images 

•  Negligible dead time 
•  Higher frame rates 
•  Smaller pixels 
•  More pixels 



Improve your data by 
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�  Using Hybrid Photon Counting detectors 



Decrease absolute background 
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rubbish! 

good! 



Improve your data by 
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�  Using Hybrid Photon Counting detectors 

�  Moving the detector as far back as possible 

�  Minimizing solvent around crystal 

�  Matching beam size to crystal 



With accurate data 
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Go solve a structure 
�  default: molecular replacement 
�  in case of failure 

�  Se-Met substitution 
�  heavy atom soaking 

Always measure anomalous differences 
�  experimental phasing 
�  improved MR phases 
�  identify metal ions 
�  without extra work 

Hybrid Photon Counting technology for accurate data 



Native SAD phasing 
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Some strategy considerations 
�  Inverse beam? 
�  Which wavelength? 

�  How to distribute dose? 
�  How to achieve multiplicity? 

=> kappa, chi, 2-theta 

wavelength$

energy$$(eV)$

f''$

f'$

(Ethan$MerriC)$



Maximize anomalous signal 
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�  Multiplicity amplifies anomalous signal 
- Change crystal orientation for true multiplicity 

�  Radiation damage must be avoided 
- Low-intensity data collection 
- Collect more images at lower dose 

�  Combine data from multiple crystals 

Detector must be free of readout noise. 



Improve your data by 
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�  Using Hybrid Photon Counting detectors 

�  Moving the detector as far back as possible 

�  Minimizing solvent around crystal 

�  Matching beam size to crystal 

�  Lowering intensity and collecting more images 

�  Thinking about your experiment 



Use beam time efficiently 
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�  mount crystal – 1 min 

�  center crystal – 1 min 

�  collect a dataset – 1 min 

�  five-hour shift – 300 min 

�  Person A : 
- collects 82 datasets 
- takes 1 TB of data home 

�  Person B : 
- thinks about experiment 
- talks to beamline scientist 
about hardware/best strategy 
- has a tea to focus 
- collects a dataset 
- has a chat 
- collects two more datasets 
- solves structure 



Conclusions 

�  Collect accurate data 

�  Δϕ ≈ ½ XDS mosaicity for best 
- overall statistics 
- highest-shell statistics 
- anomalous signal 

�  There is no native data 
- especially at high multiplicity 

�  Ask your beamline scientist / think ! 
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Acta Cryst. (2012). D68, 42-56 

Hybrid Photon Counting technology for accurate data 
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