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Introduction 

• The European XFEL  
– Xray Free Electron Laser 
– DESY, Hamburg, Germany 

• Extremely intense x-ray flashes 
– 27,000 flashes per second  
– Bursts of 2700 flashes @ 4.5MHz 
– FXE – Femtosecond X-ray Experiments 

Images of the Schenefeld site 



Introduction 

Large Pixelated Detector 

• 1 Megapixel - 500um pixels 

• 4.5MHz frame rate 

• High dynamic range, 1 to 1x105 photons per 
pixel per pulse 

• Chip control is driven by a command word 
interface. e.g. ‘Veto’ a frame captured. 

• 512 frame memory depth continuously stores 
all three gains, overwriting whenever a veto is 
received. 

• Output data rate ~10GByte/s per megapixel 
An LPD megapixel detector. 
• 16 Super Modules 
• 256 Detector Tiles 
• 2048 ASICs 



Detector 

• Silicon Detector 
• 32 x 128 Pixels (4096 total) 
• 500 μm Pitch 
• Manufactured by Hamamatsu 
• New version with 2 metal layers 

– Reduces leakage current 
Detector tracking with 2 layers of 
metal 

A Detector Tile 

Detector tracking with 1 metal layer 



Readout ASIC 

• 512 Channels 
• Preamplifier with 50pF feedback – 105 photons 

– 10pF mode gives lower noise at the expense of some 
dynamic range. 

• 100x, 10x and 1x parallel gain stages 
• 512 frames of memory for each channel and 

gain – Veto System 
• 16 SAR ADCs – 12 Bit 
• 100MHz digital output 
• IBM 130 nm 

The Chip (~15mm x 7mm) 



Readout Timing 

2700Pulses 
~0.6 m sec 
 
 
 

99.4 m sec 

Images Taken Data Readout 

0.6% 
99.4% 

0.1 sec 0.1 sec 

• Most our time is spent converting and 
reading out data 

• Memory must save values for 0.1 seconds 



Interconnect 

• Detector Tile Stack 
– Detector 
– Interposer 
– 8 x ASIC 

• Gold stud to Silver loaded epoxy 
bonding 

• Concealed ASIC I/O wire bonding 
• 4 Side buttable  

 

Tiles at different stages of 
bonding. 

Top: Exploded view of the detector tile 
Bottom: Side view 



Interconnect 

• Screen printing of silver 
loaded epoxy for bump 
bonding 

• Improved yield  
• Increased  manufacture 

speed 

1. ASIC with 
Gold 
balls/studs 
 
 
 
 
2. Screen 
printed glue 
applied to 
other surface 
(glass) 
 
 
 
 
3. The 2 
surfaces are 
aligned and 
pressed 



Data Acquisition and Control 

• Front End Module (FEM) 

• Connects to 128 ASICs (65K 
channels) 

• Xilinx Virtex 5 FPGA  

• Data output via 10Gbps Optical 
Links (Mezzanine card, DESY) 

• Control path into the FEM is via 
Gb Ethernet 

 
 

The FEM DAQ board 

FEM testing with 2 tile system 



Mechanics 

• Scalable design 
• Super Module 

– 16 Detector Tiles 
– Water Cooling Block 
– 2 Power Cards 
– 1 FEM DAQ Board 

• Quadrant Detector 
– Quarter of a megapixel 
– 4 (2 x 2) Super Modules 
– Beam holes and tilting 

design. 
 

 
 
 

Quadrant Mechanical Design 

Prototype Quadrant Detector 

Super Module 



Mechanics 

• The Megapixel 
– 16 (4 x 4) Super 

Modules 
– Requires variable beam 

hole size 
– Hole size : 0-10mm 

 

 
 
 

Sliding hole concept for megapixel detector 



ASIC Performance 
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• Version 1 ASIC 
– Performs well, but could be better. 
– Noise performance was limited by 

bias distribution methods 
– High gain mode was a x5 increase 

on front end gain, this is too weak 
for single photon performance. 
 

• Version 2 ASIC 
– Filtering of bias lines to reduce 

noise. 
– Noise is reduced by a factor of 4 in 

100X gain stage. 
– High gain mode is now a 10x 

increase of front end gain (50pF to 
5pF change in feedback) 

– High gain mode can now be 
activated using fast commands 
between x-ray flashes. ROI is also 
possible. 

 
 

Normal Mode High Gain Mode Normal Mode High Gain Mode
Noise 

(12keV ph, rms)
Noise 

(12keV ph, rms)
Noise 

(12keV ph, rms)
Noise 

(12keV ph, rms)
100x 7.7 1.9 1.9 0.3

10x 29.7 6.9 20 4

1x 133 53 60 6

Version 2 ASIC (Simulated Values)Version 1 ASIC
Gain 
Stage



ASIC Performance 

• Radiation hardness studies 
performed on fully assembled 
modules 

• Key Points 
– Memory Leakage between write 

and read 
– Dose mismatch due to absorption 

through module stack, generates 
issues between different circuit 
blocks 

– Dose Rate Dependence – 
Synchrotron direct beam vs X-ray 
set. 

A map of leakage. The shielding effect of Tantalum is clear, 
appearing as a silhouette in the map of leakage. 

X-ray set used to apply a dose of around 3kGy to the 
memory. Part of the memory is covered with a Ta sheet. 



ASIC Performance 

• Memory Leakage – Solution: Ta Shielding added to module stack. 
• Dose mismatch – Solution: ASIC layout matched better to the 

absorbing layers within the module construction. 

Layout of version 2 of the ASIC 

Exploded view of the module/tile construction 

Ta Shield 

Bias 
Circuits 

ADCs 



Detection of X-rays 

• Module test stand used to take images 
taken on an x-ray set 

 Dark Frame 

Image Frame 

Difference 



Next Developments 

• Ramping upto full scale production 

– Quadrant detector (260K Pixels) to be populated with V1 ASIC 

– Megapixel Detector – Mechanics with sliding hole under 
development. To be populated with V2 ASIC. 

• Version 2 ASIC with improved performance 

– Improved noise performance for all modes. 

– Alternate dynamic range option with close to single photon noise. 
Selectable with fast commands. 

– Increased radiation hardness 

• Beam line testing at The Linear Coherent Light Source (LCLS) 

– Characterisation with a FEL 

– Pulses <100 femtosecond @ 120Hz 

– Possible to test the full dynamic range (10^5 12KeV photons) 
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