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Science at the EuXFEL
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Main Features: Scientific opportunities:

• High intensity pulses
• Very coherent bunches
• Fast imaging

• Study of a very small objects
• (single (bio-)molecules)
• Imaging of non-regular structures
• (up to non-crystals)
• New material and fast processes
• studies
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The AGIPD detectors at the EuXFEL

Main features :

• Single photon sensitivity @12.4 keV (SNR ~10)

• High dynamic range (up to 104 12.4 keV photons)

• 4.5 MHz burst mode operation

• Lowest possible dead area

• Vacuum compatible

• Adjustable central beam-hole
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⚫ Adaptive Gain
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On the SPB beamline at EuXFEL, in the cage
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The AGIPD detectors at the EuXFEL

200µm

2
0
0
µ

m The 200µm pixel size of AGIPD is a 

compromise between small pixels for 

high 

spatial resolution and storing  as many 

images 

as possible.

AGIPD 1.0
Pixel (4096)

Readout chain

CDS stage

Preamplifier stage

Cf, high

Cf, mid

Cf, low

Preamp RST

Ccouple

CDS RST

Cf, CDS

Vref

Dynamic

gain 

switching

DAC

Storage

cell matrix

Storage

cell matrix

Pixel buffer

PXB RST

Cf, PXB

Double column 

buffer (x64)

even row

odd row

M
u

x

Offchip

driver (4)

Cmd based IF, periphery, DACs 

Block diagram of the 

analogue readout chain

AGIPD ASIC

Pixel layout

5



ASIC evolution

AGIPD 0.1 Jan. 2009 AGIPD 0.2 May 2009 AGIPD 0.3 Nov. 2010 AGIPD 0.4 Nov. 2011 AGIPD 1.0 Apr. 2013

AGIPD 0.6 Nov. 2017

AGIPD 0.5 2016 ecAGIPD (1.3) Apr. 2021 
AGIPD 1.1 Nov. 2015AGIPD 1.2 Jan. 2019

MPW MPW MPW MPW Engineering run

MPW

Bug fixes reported 

on TWEPP-2015
Bug fix reported on 

the next slide

Progress reported 

later in this talk

MPW

Engineering run
Engineering runEngineering run
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Gain encoding ambiguity
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AGIPD 0.6 and ecAGIPD (1.3)
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Gain encoding ambiguity

Temperature dependence and gain bit separation distribution over the tile

AGIPD1.1 AGIPD1.2

Under study
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Gain encoding ambiguity

Temperature dependence and gain bit separation distribution over the tile

4 pixel rows

Only 2 ASICs

corresponds to approximately 5σ of gain level 

noise
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Gain encoding ambiguity

Temperature dependence and gain bit separation distribution over the tile

“Bad” pixels fraction
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(Intensity-dependent) Baseline shift

“Mask” stripes (SPB AGIPD1M) -100 ADU shift of zero-photon peak

Example data: Cu-Ka flatfields
Fluorescence

photons

Baseline shift as a function of integrated 

intensity. Double size pixels are 

represented as orange points

Connector shielding

HV Input

Critical resistor
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(Intensity-dependent) Baseline shift

LTspice simulation result. Green: Sensor current caused by FEL pulses, Blue: Sensor bias voltage

Due to AGIPD’s CDS stage, the

measured baseline shift corresponds

to the difference of the two samples,

which are represented by the top left

and bottom right corners of the red

rectangles i.e. the height of the

rectangles. The width is the

integration time, while the gap

between the rectangles represents

the reset of the front end.

Experimental verification

R90 value decision

Positive shift (resonance)

Gain switching
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(Intensity-dependent) Baseline shift

Assembly everything in reverse order
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2nd Generation systems

FPGA

ADCs

ASIC power

(on bottom layer)

ADCs

ASIC power

FPGA

Advantages
■ Short analogue signal path

■ Local DC/DC -> less power cables

■ Control and DAQ completely based 

on optical data transmission

Challenges

■ Complete redesign of the boards

■ Readout board in vacuum

■ Receiver board outside vacuum

■ Cooling of readout board in vacuum

1st generation readout boards

New readout boardSize
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2nd Generation systems

1st generation single tile

2nd generation single tile
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2nd Generation systems

HV

ASIC Power
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2nd Generation systems

■ 4 x 14 Front-End-Modules, arranged in 

■ 2 x 14 Double-Modules

■ Two halves

■ 2 x 14 FEMs each

■ Independent in-vacuum x-motion 

AGIPD 4M for SFX instrumentAGIPD 1M Detector for HiBEF

■ 2 x 8 Front-End-Modules, arranged in 

■ 2 x 4 Double-Modules

■ Two halves

■ 2 x 8 FEMs each

AGIPD 500kpix mini-half
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Summary and outlook

⚫ AGIPD 1.2 ASIC is a validated solution against the gain bit ambiguity 

and new front-end modules are in production

⚫ Major intervention is done on the AGIPD system at the SPB 

instrument in order to eliminate the baseline shift effect

⚫ 1st generation systems hardware was upgraded

⚫ 2nd generation systems are in production and already showed the 

potential of the scientific use
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Summary and outlook

Thank you for attention!
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