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Tunnel:

• 3.4 km long

• 12-44 m deep

17.5 GeV linear electron accelerator

producing 12.4 keV x-rays (0.1 nm) 
through FEL process

unprecedented peak brilliance

user facility: common infrastructure 
shared by many experiments

DESY

Switch Building

(Osdorfer Born)

Experimental Hall 

(Schenefeld)
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e.g. Coherent Diffractive Imaging (CDI or CXI):

K. J. Gaffney and H. N. Chapman, 

Science 8 June 2007 406.07.2012 J. Becker, SRI detector satellite meeting
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Special structure of pulse trains:

• 600 µs long pulse trains  at a 

repetition rate of 10 Hz

• Each train consists of 2700 bunches 

with a separation of 220 ns

• (SASE) Each bunch consists of 

≈1012 photons  arriving <100 fs

Beam energy:

• 5 – 25 keV (depends on station)

• 12.4 keV (λ=0.1 nm) nominal design 

energy for AGIPD

XFEL pulse trains
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> 104 12.4 keV

photons

4.5 MHz



Textmasterformat bearbeitenXFEL challenges

XFEL provides

• Simultaneous 

deposition of all  

photons

Challenges

• Single photon 

counting not 

possible

• Dynamic range: 

104 photons/pixel 

with single photon 

sensitivity 

Approach

• Charge integration

• Dynamic gain switching

→ 3 gain stages

→ Single photon sensitivity 

in highest gain 

(300 e- ENC)

• High number of 

bunches

→ 2700 bunches 

per train (600 µs)

• Reading out of 

single frames 

during pulse 

train impossible

• Analog memory in 

the pixel using the 

≈350 storage cells 

per pixel 
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Unprecedented brightness -> unprecedented dose

Radiation damage

Conservative estimate 

of the total dose:

• 1016 12.4 keV

photons in 3 years

• ≈ 1 GGy at entry 

window

• ≈ 100 MGy at pixel 

implants and ASIC
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J. Zhang et al. , J. Synchrotron Rad. (2012). 19, 340-346

doi:10.1107/S0909049512002348 
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ASIC

FE electronics

XFEL train builder

Data storage

Sensor

Veto unit
Clock & 

control

Fast veto 

instrument

Experiment

Machine 

diagnostics

Up to 2700 pulses per train

External veto allows to reject 

images during the train

Veto can be generated from 

various sources

During the train data is stored 

within the ASIC

Readout of data (to FE electronics) 

between trains

Transfer of data to train builder 

during next train

Global system clock

Slow control

Data resorting & correcting

Data storage

USER

XFEL 

VETO

AGIPD

XFEL 

DAQ
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Energy [keV] QE [%]

3 71.8

5 92.3

8 97.8

12.4 85.9

Less than 1 false positive per Mpix down to 5.5 keV*

Less than 8 false positives per Mpix at 5 keV**

* 300 e- ENC, 5.22 keV Threshold
** 300 e- ENC, 4.75 keV Threshold

More information:

J. Becker et al., 

arXiv:1203.5954v1
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AGIPD02

AGIPD03

AGIPD04
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• Module layout 

based on successful 

LAMBDA design

• 2x8 chips on LTCC 

carrier board

• Thermal vias (Ag) 

for improved 

cooling

From single chips to modules
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Sensor

ASIC

LTCC board

Full module incl. 

RO electronics

Radiograph of pinecones

More information on LAMBDA in 

David Pennicards talk earlier today
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Specifications:

• 200 x 200 µm2 pixel size

• 500 µm silicon sensor

• Hole for direct beam

→ 1 chip: 64 x 64 pixels

→ 1 module: 8 x 2 chips 

• 4 quadrants

• 4 modules per quadrant

• 1 Mpixel, upgradable to 4 Mpix

Detector layout (1 plane)

2 chips

8 chips

m
o

d
u

le
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4 modules per quadrant
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Specifications:

• 200 x 200 µm2 pixel size

• 500 µm silicon sensor

• Hole for direct beam

→ 1 chip: 64 x 64 pixels

→ 1 module: 8 x 2 chips 

• 2 halves of 7 modules upstream

• 2 halves of 1-2 modules 

downstream

• 1 Mpixel, upgradable to 4 Mpix

Detector layout (2 planes)

2 chips

8 chips

m
o

d
u

le
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2 x 7 modules in upstream part

2x 1-2 modules downstream
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Reducing detector depth 

at the expense of lateral 

space.

≈ 44cm

≈ 100cm
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≈ 45cm

≈ 23cm

Beams eye view

‘Overbite’ in jaws intended

Upstream length can probably be 

reduced to downstream length
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Beam divergence
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Vacuum board108 mm

• Sufficient clearance for a large divergence

• Si sensor only component in beam path

• Some attenuated imaging downstream possible

?? mm

Sketch not to scale!
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Electronics
Vacuum barrier

~1mm

Energy [keV] Transmission

3 10-49

5 10-12

8 6.4 x 10-4

12.4 0.133
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• Progress on AGIPD test chips

― Verified functionality

― Imaging capability demonstrated

― Dynamic gain switching

― About 300 e- noise

― 352 storage cells

• Mechanical concept for SPB instrument

― Nano-crystallography

― Single particles (proteins)

Summary 
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