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What is the Goal ? 
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•XFEL Detector requirements 

4.5 MHz 

What are the Challenges ? 
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Chip carrier board to talk to and readout chips 

Hybrid Pixel Array Detectors 

Pixellated Silicon Sensor:  
absorbs photons and produces 
electrical signal 
Pixellated readout chip (ASIC): 
Processes signal produced in sensor 
and sends data out 
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• No bulk damage expected for 12 keV (<300 keV) 
• Surface and interface damage: 

 
 

 

• Higher leakage current 

Radiation hardness sensor 
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• No bulk damage expected for 12 keV (<300 keV) 
• Surface and interface damage: 

 
 

• Higher leakage current 
• Higher depletion voltage 
• Lower breakdown voltage 
• Charge losses at interface 
• Increased inter-pixel  
 capacitance 

 

Radiation hardness sensor 

Special high voltage design:  
withstands 1016 photons  
(= 1 GGy ) 
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Pixel matrix 
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Beam direction 
(coming from sample) 

AGIPD sensor 

Chip tester box 

It took about 1 ½ 
hours to set up, after 
about 2 hours we saw 
the first image 

Not in the picture: Sample, 
Alexanders PC, people, … 
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photons/second 
Logarithmic color scale 

Gain switching experimentally proven 
 104 photons / pulse 
 Single photon sensitivity 
 4.5 MHz frame rate 
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Scientific quality data obtained 
• Complete system proven to work 
• Calibration proven to be adequate 

photons/second 
Logarithmic color scale 
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Sensor ASIC per pixel 
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Pixel matrix 
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• 200 x 200 micron2 pixels 
• 352 storage cells + veto 

possibilities. 
• Minumum signal (noise) = 330 

electrons = 0.1 photon of 12 
keV 

• Maximum signal = 33 106 
electrons = 104 photons of 12 
keV 

• 4.5 MHz frame rate  
• 64 x 64 pixels per ASIC 
• 2 x 8 ASICs per module 

(128x512 pixels, no dead area) 
• 4 modules per quadrant 
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Chip carrier board  
to talk to and readout chips 

Sensor 

Chip 
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Analogue board with ADC’s 

FPGA + 4 x 10 Ge links 
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• Sensors are ordered: delivery Jan. 2013 
• AGIPD 1.0 in final stage of design: 

submission coming weeks 
• Interface boards designed and ordered 
• Single chip assemblies: summer 2013 
• First modules (8x2 chips): beginning 2014 
• 1k x 1k system(s) beginning 2015 

Planning 
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• Smaller pixels with 
• Reduced dynamic range (no gain switching); 
• Reduced number of frames? 

• New Technologies including: 
• 3D CMOS:  second layer (more functionality)  

What could be next? AGIPD2? 



Textmasterformat 3D-CMOS 
1) bump-bond to the 
detector (TSV) 

2) amplification & 
double sampling 

3) store the analog 
signal in a memory cell 
in 1st/2nd layer 
(544 memory depth) 

4) signal 
readout 

5x5 mm2 double-tier dice 
 MPW, via CMP 
submitted 2011 
to be delivered early 2013 

Standard 
Cells 
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• Smaller pixels with 
• Reduced dynamic range (no gain switching); 
• Reduced number of frames? 

• New Technologies including: 
• 3D CMOS:  second layer (more functionality)  
• 65 nm CMOS technology (more functionality)  
• 3D CMOS + 65 nm CMOS  

What could be next? AGIPD2? 
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Who are the People ? 
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