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•• European XFELEuropean XFEL
–– constraints for our detectorconstraints for our detector

•• The DetectorThe Detector

•• ASIC Prototypes : ASIC Prototypes : Handling the constraintsHandling the constraints

–– Adaptive GainAdaptive Gain

–– Embedded MemoryEmbedded Memory

–– OnOn--board Logicboard Logic

–– RadRad--hardnesshardness

•• Summary & PerspectivesSummary & Perspectives
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European XFELEuropean XFEL

TunnelTunnel

•• 3.4 km long3.4 km long

•• 1212--44 m deep44 m deep

•• SASE (SelfSASE (Self--Amplified Amplified 
Spontaneous Emission)Spontaneous Emission)

•• ee-- bunches accelerated bunches accelerated 
up to 17.5 up to 17.5 GeVGeV (linear (linear 
superconducting superconducting 
accelerator)accelerator)

•• conveyed to conveyed to undulatorsundulators
(up to 200 m long )(up to 200 m long )

•• XX--ray pulses producedray pulses produced

DESYDESY

Switch BuildingSwitch Building
((OsdorferOsdorfer BornBorn)

Experimental Hall Experimental Hall 
((SchenefeldSchenefeld))
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Requirements at the Requirements at the 
XFEL experimentsXFEL experiments

10101313--10101414

0.260.26--3keV3keV

Small Quantum Systems (SQS)Small Quantum Systems (SQS)

Spectroscopy & Coherent Spectroscopy & Coherent 
Scattering (SCS)Scattering (SCS)

SASE3SASE3

10101212--10101313

∼∼∼∼∼∼∼∼10101212

33--25keV25keV
(12.4keV)(12.4keV)

Material Imaging & Dynamics Material Imaging & Dynamics 
(MID),(MID), High Energy Density High Energy Density 
Matter Experiment (HED)Matter Experiment (HED)

SASE2SASE2

10101212--10101313

∼∼∼∼∼∼∼∼10101212

33--25keV25keV
(12.4keV)(12.4keV)

FemtosecondFemtosecond XX--ray Experiments ray Experiments 
(FXE(FXE), Single Particles, Cluster Single Particles, Cluster 
& & BiomuleculesBiomulecules (SPB)(SPB)SASE1SASE1

ph/pulseph/pulseEnergyEnergyExperimentsExperiments
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EE--XFEL constraintsXFEL constraints
•• 10103333 ph/(s mm2 mrad2 0.1%BW)                ph/(s mm2 mrad2 0.1%BW)                

peak brilliancepeak brilliance
–– 101099 more than. 3rd gen. more than. 3rd gen. 

synchrotronssynchrotrons
•• ~ 10~ 101515 photons over 3 yearsphotons over 3 years

–– ASIC exposed ~ 10MGyASIC exposed ~ 10MGy
•• From 1 up to 10From 1 up to 1044 12.4keV photons 12.4keV photons 

per pulse on a pixelper pulse on a pixel
•• Single photon (or Single photon (or √√nnphph) sensitivity ) sensitivity 

requiredrequired

Just before 
XFEL pulse

During

After

X-ray Diffraction Pattern
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EE--XFEL constraintsXFEL constraints

0.6 ms0.6 ms
99.4 ms99.4 ms

100 ms100 ms 100 ms100 ms

220 ns220 ns
<<100 fs100 fs

•• 2700 pulses @4.5MHz every 100ms2700 pulses @4.5MHz every 100ms

•• ““instantaneousinstantaneous““ energy depositionenergy deposition

•• NonNon--uniform time structureuniform time structure



Alessandro MarrasAlessandro Marras
PIXEL 2012. 02PIXEL 2012. 02--07.09.201207.09.2012

Constraint SummaryConstraint Summary
in the same image:in the same image:
•• up to ~ 10up to ~ 1044 photonsphotons
•• down to 0~1down to 0~1

1-photon resolution!
(or better than poissonian)

radiation 
tolerant!

4.5MHz x4.5MHz x

2700 images2700 images

single-image experiments!
as many as possible!

many pixels! 
small pixels!

•• inin--pixel Memory ~ 350 framespixel Memory ~ 350 frames

•• veto schemaveto schema

•• leakage minimizationleakage minimization

•• radrad hard designhard design

•• Charge integrationCharge integration

•• Adaptable Gain O(2) Adaptable Gain O(2) 

•• noise noise ∼∼∼∼∼∼∼∼ 0.1 photon0.1 photon

•• 1Mpixel, 200 1Mpixel, 200 µµm m pitchpitch
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AGIPD DetectorAGIPD Detector

sensor

ASICsreadout

To interface electronics

Base plate

16 modules16 modules

100x26 mm100x26 mm22

no dead areano dead area
2x8 2x8 ASICsASICs

64x64 pixels64x64 pixels

(16x16 prototype(16x16 prototype
shown here)shown here)
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ASICASIC

•• IBM 130 nm IBM 130 nm 
CMOS techCMOS tech

•• 64x64 pixels64x64 pixels
–– 4 readout ports 4 readout ports 

–– 16 16 colcol/output/output

•• est. est. PowPow = = 
~2W/chip~2W/chip
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SeveralSeveral Test Test RunsRuns

HPAD1HPAD1

AGIPD03AGIPD03

AGIPD02AGIPD02

AGIPD01AGIPD01

HPAD2HPAD2

AGIPD04AGIPD04
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ASIC Pixel ASIC Pixel 

C1

C2

C3

Discr.
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Readout amp.

3 levels

Filter/write amp.

Analogue pipeline

DAC

Vthr ≅ VADCmax
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••200um pitch200um pitch
••multiple (3) scaled feedback capmultiple (3) scaled feedback cap
••analogue + digital (2 bit) pipelineanalogue + digital (2 bit) pipeline

Analogue pipeline

C
o
lu

m
n
 b

u
s

Filter/write amp.

CDS.

••dual column dual column 
readoutreadout
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Adaptive GainAdaptive Gain

•• multiple (3) scaled multiple (3) scaled 
feedback capfeedback cap
(60fF/3pF/10pF)(60fF/3pF/10pF)

•• 1:35:4 gain 1:35:4 gain reduction(sreduction(s))

∼100 phot

∼1000 phot

reset
preamp
settling time
30~60ns

further charge 
integration

C1

C2

C3

Discr.

lo
g
ic
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Embedded memoryEmbedded memory

352 352 memorymemory cellscells/pixel /pixel 
OptimizedOptimized forfor radrad--
hardnesshardness ((floatingfloating nwellnwell, , 
VddVdd--biasedbiased guardguard ringsrings))

•• info to be stored info to be stored 
inin--pixel for pixel for 
5050∼∼100ms100ms

•• both amplitude both amplitude 
signal and gain infosignal and gain info

•• ≤≤0.1% signal loss0.1% signal loss

•• easy to address !easy to address !
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Control LogicControl Logic

execution start here

clock

data
SOB

•• ARM cmrf8sf RVT S C LibraryARM cmrf8sf RVT S C Library

•• Command Serial IFCommand Serial IF

–– 3+1 LVDS Signals3+1 LVDS Signals

–– 16 bits commands, 16 bits commands, fckfck 80~160 MHz80~160 MHz

•• prototype working after 10MGyprototype working after 10MGy
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Control LogicControl Logic

Memory space Memory space 
addressable RAMaddressable RAM--
like from the like from the 
(external) interface (external) interface 
electronicselectronics
–– allows for Veto allows for Veto 

schema (overwriting schema (overwriting 
of meaningless data)of meaningless data)

Mem Addr

Mem Addr

Mem Addr

Mem Addr

Mem Addr

Mem Addr

Mem Addr
Mem Addr

Mem Addr

Mem Addr
Mem Addr

To FE ASIC

LUT
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ty
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F
iF

o

Mem Addr

Mem Addr

bunch # 001bunch # 001

bunch # 002bunch # 002

bunch # 003bunch # 003

bunch # 004bunch # 004

bunch # 005bunch # 005

bunch # 006bunch # 006

bunch # 007bunch # 007

bunch # 008bunch # 008

bunch # 009bunch # 009

bunch # 010bunch # 010

veto bunch # 003

bunch #006 
already vetoed

next bunch #
& Mem Addr
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Noise MeasurementNoise Measurement
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Radiation HardnessRadiation Hardness

•• Irradiation of Irradiation of 
HPAD 0.1/0.2 HPAD 0.1/0.2 --
AGIPD03/04 chipsAGIPD03/04 chips

•• up to  10up to  10--100MGy100MGy

•• @ DORIS F4@ DORIS F4

•• 5.4kGy/s5.4kGy/s

•• comparable behaviour up comparable behaviour up 
to 10MGyto 10MGy

•• limited noise increaselimited noise increase

•• 100MGy:100MGy: functionality functionality 
recover after annealingrecover after annealing
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XX--ray detectionray detection

•• XX--ray tube, 40kVray tube, 40kV
•• Mo target (17.8keV)Mo target (17.8keV)
•• 4mm Al to reduce 4mm Al to reduce 

bremsstrahlungbremsstrahlung

-20 0 20 40 60 80
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0 450

counts

•• Petra III Petra III beamlinebeamline
•• 7.05keV7.05keV
•• diffraction pattern from diffraction pattern from 

illumination of spherical illumination of spherical 
SiO2 particles in ethanolSiO2 particles in ethanol
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Imaging Imaging with prototypeswith prototypes

19

AGIPD02

AGIPD03

AGIPD04

measmeas. . donedone byby

DominicDominic GreiffenbergGreiffenberg (PSI)(PSI)

UlrichUlrich TrunkTrunk (Desy)(Desy)
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SummarySummary
•• Developing a 1Mpix sensor for the European XFELDeveloping a 1Mpix sensor for the European XFEL

–– DESY, PSI, DESY, PSI, UniBonnUniBonn, , UniHamburgUniHamburg

–– several prototypesseveral prototypes

•• ASIC for the 1Mpix system to be ready end of the yearASIC for the 1Mpix system to be ready end of the year

•• http://http://hasylab.desy.de/instumentationhasylab.desy.de/instumentation//
detectors/detectors/projcts/agipdprojcts/agipd

•• Adaptive gainAdaptive gain
–– Functionality testedFunctionality tested

•• InIn--pixel Memory pixel Memory 
–– ~~350 frames350 frames

•• OnOn--chip control logicchip control logic
–– 4 LVDS lines4 LVDS lines

•• Radiation Hardness Radiation Hardness 
–– ≥≥ 10MGy10MGy
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AGIPD03: AGIPD03: DroopDroop
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AGIPD03: T impact on AGIPD03: T impact on droopdroop
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Storage Cell Storage Cell EvolEvol..
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D

++++++ ++++ VddVdd

e-e-

e-e-

•• VddVdd--Ring introduced Ring introduced 
around critical devicesaround critical devices

•• ELTransistorsELTransistors introducedintroduced

•• waiting for tests on waiting for tests on 
AGIPD03 test chipAGIPD03 test chip
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Synchrotron Synchrotron 
Radiation in Radiation in FELsFELs

•• SASE principleSASE principle
�� (Self(Self--Amplified Spontaneous Amplified Spontaneous 

Emission)Emission)
•• Random seedRandom seed

–– Almost 100% transverse coherenceAlmost 100% transverse coherence

–– Limited temporal coherenceLimited temporal coherence

•• TailTail--head phenomenahead phenomena
–– MicrobunchingMicrobunching

–– Exponential growth of intensity & Exponential growth of intensity & 
powerpower

saturation length 
~ 10 Lgain

g
ai

n
~ 

10
5
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Dimensions & gapsDimensions & gaps



Alessandro MarrasAlessandro Marras
PIXEL 2012. 02PIXEL 2012. 02--07.09.201207.09.2012

Embedded memoryEmbedded memory

•• looking to the looking to the 
future?future?

1) bump-bond to the detector

2) amplification & 
double sampling

3) ADConversion

5) digital 
signal 
readout

4) store the 
digitalized signal in a 
digital memory cell

tech #2 
(CMOS High Perf)

tech #3 
(DRAM)

tech #1 
(CMOS Low Pow)
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Alternative module Alternative module 
arrangementsarrangements

2 chips

8
 c
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29

4 modules per quadrant

quadrant

2 chips

m
o
d
u
le

2 x 7 modules in upstream part

2x 1-2 modules downstream

8
 c

h
ip

s

1 plane (windmill) solution1 plane (windmill) solution 1 planes solution1 planes solution
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UniformityUniformity ((preliminarypreliminary))

row 0

row 4

row 8

row 12

col 12col 8col 4col 0
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Radiation HardnessRadiation Hardness
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•• 60fF feedback capacitor60fF feedback capacitor

•• preferred solutionpreferred solution
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•• 100fF feedback capacitor100fF feedback capacitor


