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Introduction

e The European XFEL

— X-ray Free Electron Laser
— DESY, Hamburg, Germany

e Extremely intense x-ray flashes

— 27,000 flashes per second
— Bursts of 2700 flashes @ 4.5MHz
— FXE — Femtosecond X-ray Experiments

Image of the FXE beam line
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Introduction

Large Pixel Detector

1 Megapixel - 500um pixels
4.5MHz frame rate

High dynamic range, 1 to 1x10° photons per
pixel per pulse. Using parallel gain stages.

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
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Sensor

e Silicon Detector
e 32 x 128 Pixels (4096 total)
e 500 Pitch , —

um Pitc X i |
e 2 Metal Layers o i ihh

e Manufactured by Hamamatsu

Detector tracking with 2 layers of
metal

128 Pixels 32 Pixels

e
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Readout ASIC

Detector

e 512 Channels
e Preamplifier with 50pF feedback — 10° 12keV photons

— An additional high mode gives sub photon noise performance at the
expense of some dynamic range.

e 100x, 10x and 1x parallel gain stages

e 512 frames of memory for each channel and gain

— Veto System
e 16 ADCs—12 Bit

e 100MHz digital output The Chip (~15mm x 7mm)
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Detector Tile Stack
— Detector, Interposer, ASIC

e Gold stud to Silver loaded epoxy
bonding

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

* Radiation hardness improved with _ Tiles at different stages of
Tungsten inserts. / bonding.

Interposer and bonding prior to sensor

. Side view of the detectortile & Science & Technology
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Data Acquisition and Control

e Front End Module (FEM)

e Connects to 128 ASICs (65K
channels)

e Xilinx Virtex 5 FPGA

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

e Control path into the FEM is via
Gb Ethernet and Clock and
Control Port

The FEM DAQ board
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The Super-module

e Detector tiles, DAQ and
powering combined to form
super-modules with 16 tiles

e Tiles are mounted on a water
cooling block to maintain room
temperature.

e Dead area between tiles is 4
pixels wide



Megapixel Mechanics

e 16 Super-modules mounted together to form a 1Mpix
detector

e Splitinto 4 quadrants to form an adjustable hole for
the beam
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A compact LPD 2-tile system

Umbilical cord carries water cooling, power and data lines.
Functioning prototype manufactured

Compatible with existing DAQ

128 x 64 pixels units
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System Testing

Campaign of tests
* LCLS - High intensity, high speed, FEL x-rays

* CLF - High intensity, high speed imaging with
IR laser

e Diamond Light Source — Monochromatic
radiation damage studies

* Next: Diamond Light Source — Hybrid mode XPP Beam line at LCLS

single pulses.

Diamond light source CLF - Research Complex at Harwell
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Sensor Bias Resistance

e Negative offsets proportional to total signal per module discovered during LCLS testing.
e Source of issue: Sensor bias resistance between front of sensor and decoupling cap

!

e Solution: Direct bond to front side of sensor

Wire Bond

Electrical connectionvia silicon at the
edge to front side of sensor

Possible Solution: Gold wire loops



4.5MHz Imaging — Unconnected pixels

Frame
Number
1
e Copper florescence tests @ LCLS
2 e |mage sequence at 4.5MHz
e Corrected for bias resistance induced
offsets
e Highlights drift of uncollected signal in
3 unconnected pixels
e Bonding Process Development
—  Flip Chip Tooling
2 —  Curing with temperature and pressure

— Improved gold stud bonding

Note: line noise matched to 200kHz power
supply noise
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4.5MHz Imaging — IR laser

Frame
Number

1

e C(Class 4 IR laser used at Central Laser
Facility at the Research Complex at
Harwell

e Laser pulses synchronized with a single
frame in a 4.5MHz sequence

e Simple setup with regular optical
components.

e Large signals over large areas

e Optimization of reset timing and
saturation recovery circuits
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Diamond — Monochromatic radiation damage

Full ASIC area exposures with mono 12 keV beam

* Exposure to greater than 2MGy (entrance surface).
1.1MGy based on Si volume to 1/exp photon flux.

* Leakage currents measured, observed short lived
surface leakage currents in regions surface metal
cut-outs

e ASIC functionality tested in all regions with laser
signal response.
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Diamond — Hybrid mode

e Diamond can operate in a reduced fill mode while
maintaining the same beam current for other experiments

e One third of the ring is left unfilled with a lone pulse in the
middle of the gap.

e The gap is wide enough for around 2 images at 4.5MHz - A
clean image of the special pulse will be possible

e Imaging the direct beam will give approximately 5-10
monochromatic (12keV) photons per pixel.

e Aim: Low signal calibration at a range of energies. Trial of
some optimised low noise setups to observe photon
peaks.
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LPD Quadrant Detector

e Y Megapixel system
e Delivered to XFEL in May 2014

e Initial Integration with their control systems is complete.
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e Beam Time at Diamond Light Source

— Hybrid Mode — Imaging of the single hybrid bunch.

— Definitive low signal calibration and confirmation of noise
performance

e Manufacture of detectors
— Quadrant Detector (260K Pixels) to be fully populated
— Megapixel Detector — Mechanics currently under test.

— Tile manufacture to populate the megapixel system and spare
stock.
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V1 Sensor — Al Thickness 1um, V2 Sensor — Al Thickness 0.6um,
Grain Boundaries, Laser image Laser image
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SpF 100x Noise Length of track to Tracking density

) Composite effect?
pixel map over pixel map

Map (V2 Sensor)
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