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• Paul-Scherrer-Institut (PSI) is the largest 

research center for natural and engineering 

sciences in Switzerland (~1900 employees), 

belonging to the ETH domain 

• PSI is running Switzerland‘s large research 

facilities (neutrons, protons, myons, X-Rays) 

 Synchrotron source Swiss Light Source (SLS) 

 

• Detector development for the Swiss Light 

Source (SLS): 

 Past detector developments: 

  - PILATUS 

  - MYTHEN 

    (Commercialized by DECTRIS) 

 

Some specifications: 
  

• Storage ring: 2.4 GeV 

• Circumference: 288 m 

• Bunch spacing: 2 ns 

• Energy range: 4 – 45 keV  

• Photon fluxes: <2.5.1013 ph/s 
 (Hard X-Ray beamlines, monochromatic)
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MYTHEN PILATUS EIGER 

Technology UMC 250 nm UMC 250 nm UMC 250 nm 

Status 
Commercially 

available 
Commercially 

available 
Going to the 
beamlines1) 

Pixel size 50 µm (Strips) 172 x 172 µm2 75 x 75 µm2 

Maximum system size 120º (=48 modules) 6M (=42 x 43 cm2) 9M (=23 x 23 cm2) 

Minimum threshold  < 5 keV < 2 keV < 2.5 keV 

Count rate capability  0.6 MHz/Strip  
(10% deviation, Standard) 

0.5-1.0 MHz/Pixel 
(10% deviation) 

0.2-0.7 MHz/Pixel 
(10% deviation) 

Maximum frame rate 1 kHz/Module 300 Hz/Module 23 kHz (4-bit) 

Applications 
(Examples) 

•Powder Diffraction 
•Energy dispersive 
Spectrometer 
•Beam Position Monitors 

•Protein Crystallography 
•Time-resolved experiments 
•Small and wide-angle X-Ray 
Scattering (SAXS/WAXS) 

•Protein Crystallography 
• XPCS 
• Coherent X-Ray Imaging 
• Photoelectron detection  

1)EIGER Detector systems are also commercially available from DECTRIS 



EIGER – Systems  
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Frame 
rate @ 
4-bit 

Frame 
rate @  
8-bit 

Frame 
rate @ 
12-bit 

Module 23 kHz 12 kHz 8 kHz 

1.5M 23 kHz 12 kHz 8 kHz 

9M 23 kHz 12 kHz 8 kHz 

Tradeoff between frame rate 

and counter dynamic range 

112 bit 

• Modular, parallel design 

No frame rate drop for bigger systems, 

but data rate grows with size 

• Continuous readout 

 4 µs readout dead time 

• Frame rate limitations by data rate: 

 - 1 Gbit/s:   250 Hz continuous (12-bit)  

 - 10 Gbit/s: 2 kHz continuous (12-bit) 

Higher frame rates are possible, the frames 

will be intermediately stored on the  

on-board memory (8 kframes @ 12-bit) 

Single Module  Multi-Module Detectors 

~8x4 cm2 

500 kPixel 1.5 Mpixel system 9 Mpixel system 

~24x4 cm2 

~24x24 cm2 



Large area, high resolution Ptychography 
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5 um 

Zoom in on a pixel 

• Object of the ptychography is 

a thinned EIGER readout chip 

• 45 nm resolution 

• Large area: 500 um x 290 um  

 

Optics Express, Vol. 22, Issue 
12, pp. 14859-14870 (2014)  
cSAXS beamline 

• The object is raster scanned by an 
out of focus, coherent beam 

• Diffraction patterns at overlapping 
positions on the object are 
recorded 
 Reconstruction of the object 
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• SwissFEL is under construction and is 

expected to be going in operation in 

2017 

 

 

 

 

SLS 

SwissFEL 

Some specifications: 

 

• Linac:  6 GeV 

• Length:  740 m 

• Bunch spacing: 100 Hz 

• Energy range: 2 – 12.4 keV  

• Photon fluxes: <0.7.1010 ph/pulse 
 (only hard X-Ray beamlines)  
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+ ‘Noise free’ operation 
+ Readout of digital info 
+ (Almost) unlimited dynamic   
   range 
+ Discrimination of photons   
   below threshold 
- Minimum detectable energy 
- Count-rate limitation (pile-up) 

Δtph > tshape Δtph < tshape 

Δtph > tshape Δtph < tshape 

Preamplifier 
(charge sensitive) Comparator 

Preamplifier 
(charge sensitive) Comparator 

Preamplifier 
(charge sensitive) 

Preamplifier 
(charge sensitive) 
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Multiple photons 

+ Energy for each photon  
  (Low flux, Polychromatic) 

+ Measurement of charge sharing  
  (Energy reconstruction, Position   
   interpolation) 

+ Practically no count-rate limitation 
 (High flux, Dynamic Gain, Monochromatic) 

- Integration of leakage current 
- Readout of analog information 
- Calibration procedure challenging 
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• Basic idea: Dynamically 
adding capacitors in 
the feedback loop of 
the preamplifier to 
adapt the gain to the 
number of incoming 
photons  
More capacitance, 

Less gain,  
 but more noise 
• Comparator at 

preamplifier output 
registers, if dynamic 
range is exceeded and 
adds capacitor 

High Gain Stage 

Key features: 
• Single photon resolution in High Gain 

Stage 
• Poisson limited over whole dynamic range 
• Good linearity over the whole dynamic 

range (Non-linearity < 1 %) 

Switching Point: High  Medium Medium Gain Stage Low Gain Stage 

Three gain stages: 
High: 1 … 80           x 12.4 keV photons  

Medium: 81 … 2000          x 12.4 keV photons  

Low: 2001 … <10000 x 12.4 keV photons 



Charge Integrators 
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GOTTHARD AGIPD1 JUNGFRAU MÖNCH 

Technology IBM 130 nm IBM 130 nm UMC 110 nm UMC 110 nm 

Status 
Modules 
available 

Modules 
available 

Modules 
available 

(Advanced) 
Prototyping 

Pixel size 50 µm (Strips) 200 x 200 µm2 75 x 75 µm2 25 x 25 µm2 

Maximum 
system size 

Modules  
(=10 ASICs) 

1Mpixel 
(=16 Modules) 

16Mpixel 
(=32 Modules) 

Single Chips 
(=2x3 cm2) 

Noise (r.m.s.) <200 e- ENC 
<322 e- ENC 

<214 e- ENC (HG) 
<100 e- ENC 

<55 e- ENC (HG) 
<35 e- ENC 

Dynamic range 
<1.104 x 12.4 keV 

(3 gain stages) 
<1.104 x 12.4 keV 

(3 gain stages) 
<1.104 x 12.4 keV 

(3 gain stages) 
<500 x 12.4 keV 

(2 gain stages) 

Maximum frame 
rate 

40 kHz (cont.) 
1 MHz (burst) 

< 5 MHz  
(burst/352 frames) 

2.4 kHz 
(continuous) 

6-8 kHz 
(continuous) 

1) Common development with University of Bonn (GER), University of Hamburg (GER) and DESY (GER) 
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51 .. 1100  
x12.4 keV 

Further extension of the dynamic range: 
 Dual sampling during integration (constant flux) 
 Precharging of the feedback capacitors (constant flux, pulses) 

Under  
investigation Dynamic Range (IR Laser) 

D. Greiffenberg et al., JINST Volume: 9 Article: P06001, doi: 10.1088/1748-0221/9/06/P06001 (2014) 

High Gain Range Medium Gain Range Low Gain Range 

Point of Gain Switching 

0 .. 50  
x12.4 keV 

1100 .. 5000  
x12.4 keV 

Gain 
Range 

Non-Linearity 
(RMS) 

Non-Linearity 
(Maximum) 

High  0.26 % 
0.4 x12.4 keV 
(@ 46 x12.4 keV) 

Medium 0.30 % 10.5 x12.4 keV 
(@ 1105 x12.4 keV) 

Low 0.44 % 48.9 x12.4 keV 
(@ 4632 x12.4 keV) 

1100 .. 10000  
x12.4 keV 



AGIPD - Noise over Dynamic Range 

Page 11 

 0.5 - 1 %  
Shot-to-Shot 
fluctuation 

of laser intensity 

Below Poisson limit for each 
point of dynamic range 
 Limited by statistics, not by 
detector 

Dynamic Range (IR Laser) 

High Gain Range Medium Gain Range Low Gain Range 

Noise performance (HGS):      
< 322 e- ENC or < 0.09 x12.4 keV 
 Single photon resolution in High 
Gain Stage 

 



JUNGFRAU - Calibration 
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Integrated Charge [12 keV photons] 

A
D

C
 

Analog Signal Gain Stage Information 

Analog Signal + Gain Stage Information: 

‚Charge to Photon Number Calibration‘ 

on a pixel-by-pixel basis 

Photons per Pixel 

Linear Scale 

Logarithmic Scale 

Dynamic Range (IR Laser) ‚Seemless‘ signal slope 

Medium gain stage 

Low gain stage 

High gain stage (default) 
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 Different operation conditions: 
 
• High Gain Mode (HG0): 
 + Noise performance:   <55 e- ENC 
 + Minimum photon energy: < 1.5 keV 
 (- Slightly Less Dynamic Range) 
• Standard Gain (G0): 
 + Noise performance: <100 e- ENC 
 + Dynamic Range:        <1.104 x12.4 keV) 

 

• Noise Performance (ENC): 
 HG0:     < 55 e- (RMS) 

ADC 
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Photon Energy (keV) 

• Cu Fluorescence target (Kα: 8 keV) 
• Integration time: 10 µs  
• HV=200 V 
• Readout at 700 Hz 

• Attenuated direct beam at  
 1 .75 keV (PHOENIX, SLS)  
• Integration time: 2 µs  
• HV=300 - 400 V 
• Water cooled  
• Sensor assembly in vacuum 

Noise 

peak 

Kα  

8.0 keV 

Kβ 

8.9 keV 

Noise 

peak 

1.75 keV 
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EIGER AGIPD JUNGFRAU MÖNCH 

Technology 
Single Photon 

Counting 

Charge Integrating 
(+ Dynamic Gain 

Switching) 

Charge Integrating 
(+ Dynamic Gain 

Switching) 

Charge Integrating 
(+ Dynamic Gain 

Switching) 

Pixel size 75 x 75 µm2 200 x 200 µm2 75 x 75 µm2 25 x 25 µm2 

 Our next challenge: 

 Making charge integrating X-ray 

detectors as easy to handle as single 

photon counters 

Our mission: 

Producing X-Ray detectors for the needs of PSI (SLS, SwissFEL) 

Over the last years, we have expanded our detector portfolio with charge integrating, 

dynamic gain switching detectors to cover applications at FELs AND synchrotrons 

 

 

 

Eiger 
3970 m 

Mönch 
4107 m 

Jungfrau 
4158 m 

 Benefits from charge integrating detectors: 

• Single photon counting equivalent data quality 

• No count rate corrections required  

  Ideal for high rate applications  

      JUNGFRAU:  25 MHz per pixel @ 12 keV  

   50 MHz per pixel @ 6 keV 

 For isolated photons: 

• Position interpolation (µm-regime) 

• Energy reconstruction 

• Surpression of charge sharing 
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Wir schaffen Wissen – heute für morgen 

http://www.psi.ch/detectors/  
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