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Overview

Introduction to our group: DESY FS-DS

Our projects for synchrotron radiation detectors
LAMBDA project (new photon counting detector)
High-Z pixel detectors (hard X-ray detectors)
PERCIVAL project (new low energy detector)

The European XFEL

AGIPD project (new integrating detector for XFEL)
Science example: XPCS@XFEL
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Our detector development projects

LAMBDA (Large Area Medipix3-Based Detector Array)
Photon counting pixel detector module

High-Z detectors (HiZpad collaboration)
New semiconductor pixel detectors for hard X-rays

PERCIVAL (Pixelated Energy Resolving CMOS Imager,
Versatile And Large)

Low E (250 eV — 1 keV) imaging detector produced by STFC,
readout by DESY

AGIPD (Adaptive Gain Integrating Pixel Detector)

2D detector for XFEL, developed with PSI, Uni Hamburg, Uni Bonn
DSSC (DEPMOS Sensor with Signal Compression)

XFEL detector project, led by MPI-HLL, Munich
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Other involvements

CAMP (CFEL-ASG Multi-Purpose) Chamber
Already in use at LCLS

Detector and science simulation (HORUS)

Diamond beam position monitors with RF readout
Collaboration with ESRF
Detector loan pool

Pool of a variety of detectors (Pilatus, Maxipix, CCDs, imaging
plates, etc.) and associated equipment to support user operation at
photon sources.
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Hybrid pixel detectors (counting)

Pixellated photodiode sensor

Readout chip with 1 readout channel
per pixel
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Hybrid pixel detectors (counting)

Pixellated photodiode sensor

Readout chip with 1 readout channel

per pixel
w‘m
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Hybrid pixels and X -ray detection

First generation of X-ray hybrid pixels in use
Pilatus (Dectris, PSI)
Maxipix (ESRF, Medipix2 collaboration)
Advantages
Single photon counting (“noise free”)
Fast readout
Large dynamic range
Energy discrimination
Disadvantages
Pixel-to-pixel variation in electronics (must be calibrated)
Poor efficiency at high energies

Problems at high flux rates
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Detector developments at DESY

Large Area Medipix-Based Detector Array (LAMBDA)
Large detector modules using new Medipix3 chip
Small pixel size, fast readout, greater functionality
*High-Z” semiconductors

Si has poor absorption efficiency > 20 keV

Heavier semiconductors (Ge, CdTe, GaAs) allow hard X-ray detection

PERCIVAL (Pixelated Energy Resolving CMOS Imager,
Versatile And Large)

Low E (250 eV — 1 keV) imaging detector produced by STFC,
readout by DESY

Adaptive Gain Integrating Pixel Detector (AGIPD)

Integrating Detector with gain switching

In-pixel storage for ultra fast imaging at XFEL
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Medipix3 readout chip

21 groups in collaboration
Chip design at CERN

Successor to Medipix2 (Maxipix)
256 * 256 pixels, 55um

2 counters per pixel for deadtime-free
readout

Up to 2000 fps with 12 bit counter
depth

“Charge summing” circuitry to
compensate charge sharing effects

More reliable hit detection

Better energy discrimination

Charge
shared
between
pixels
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LAMBDA detector head

1 large Si sensor 2 “hexa” high-Z sensors
Large Sensor area 84 mm * 28 mm =t Each 42 mm * 28 mm
2-by-6-chip layout Voltage reg.
1536*512 pixel, 84 mm * 28 mm , board
Set by typical silicon and high-Z e
wafer sizes (6", 3")
Suitable for high-speed readout
Low-temp operation possible
Modular design 500-pin high

: : : densit
Multiple readout chips build a Cf,{}ﬁ'eﬁtor
single module

Multiple modules tiled in large
system
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First prototype systems

4 modules built with “quad” sensors
(2*2 chip, 512*512 pixels)

Mechanics with Peltier cooling

Electronics to one side of sensor (but
right-angle connector now available)

Prototype readout board (completed)

USB2 communication with control PC
(10 frames per second with large-area
sensor should be possible)

High-speed readout

Common readout mezzanine board
being developed for LAMBDA,
PERCIVAL and AGIPD

Multiple 10 Gigabit Ethernet links for
full-speed readout
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Test results so far

Detectors are working

Minor improvements needed
to detector powering

Currently working on full-size
sensor and high-speed
readout
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High -Z materials — X-ray absorption efficiency

X-ray absorption / interaction

120% | — Silicon (500um)
[ Ge/ GaAs (500um)
— CdTe (500um)

Replacing Si with high-Z
material could combine hybrid
pixel advantages with high
efficiency with hard X-rays

100% |

80% |
60% [

40% |

However, each high-Z
material has its downsides!
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Our projects: —20% at
Germanium — development with Canberra and 1ZM (Berlin) 100keV

Cadmium Telluride — HiZPAD consortium (led by ESRF)

Gallium Arsenide — Russian-German partnership with FMF, KIT, JINR
(Dubna) and RID Ltd. (Tomsk)
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Germanium sensor production and bump bonding

Sensor structure (Canberra)

Modification of existing strip detector
technology

55 m pixels, 700 um thick
Indium bump bonding (IZM)
Sensor and ASIC bonded at T < 100C

During cooling, ductility of Indium
compensates for mismatch in contraction

2 high purity Ge wafers plus mechanical
dummies received from Canberra

16 Medipix3 singles / wafer
|ZM optimizing process using dummies

HP Ge bonding follows soon

Readout and mechanics by DESY
(LAMDA framework)
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Cadmium Telluride

HiZPAD (High-Z sensors for Pixel
Array Detectors)

EU-funded consortium — 12 institutes
(led by ESRF)

CdTe (Zgyte = 48, 52, Zg; = 14)

Already used in single-element
detectors / small arrays

Small wafers (3"), often with
Inhomogeneities

Tested CdTe sensor with Medipix2
readout

55um pixel, 256 * 256 array, 1000 um
thick

Tests done at DORIS Il - BW5 beam
line (160 keV photons)
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PERCIVAL project

photodio

embedded
circuitry

. ' O 04689 -8: :-/"4 66 8 /:-8
e 4 ni 111" : 4 m" + -< ="+
. 1 / O - IM = 4+ 46"+ 46"
e 2 -, " )»>2- ) V]'"? 3@6A
e 46 (/' )
e 4, )21 2 " 2: 1"+ )0 ) /"
. - >B/l : CD46*,
e *I O ™ MNm)y' 0>
0 1 '

J. Becker | Cornell Seminar | 2/17/12 | Page 18



Overview
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* Imaging of tiny structures
* single bio-molecule imaging (or small crystals)
* investigation of nanostructures
* Imaging of ultra fast processes
* filming of chemical reactions
* imaging of changes in magnetization states
* Investigation of extreme states
* highly ionized states in matter
* non-linear interaction of x-rays with each other or other photons

 creation of extremely high pressure/temperature
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