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FEL	
  Machines	
  

Ê  FEL	
  facilities	
  provide	
  high	
  intensity	
  
beams	
  of	
  ultrafast	
  X-­‐rays	
  

Ê  Science	
  program	
  accessible	
  at	
  FELs	
  is	
  
quite	
  broad:	
  
Ê  Structural	
  biology:	
  solve	
  structures	
  of	
  

large	
  macromolecular	
  biological	
  
systems	
  

Ê  Chemistry:	
  understand	
  catalytic	
  
mechanisms	
  (efficient	
  conversion	
  of	
  
light	
  into	
  electrical/chemical	
  energy)	
  

Ê  Material	
  science:	
  study	
  transport	
  and	
  
storage	
  of	
  information	
  on	
  
increasingly	
  smaller	
  length-­‐	
  and	
  
faster	
  time-­‐scales.	
  

Ê  Atomic	
  and	
  molecular	
  science	
  (AMO):	
  
study	
  the	
  fundamental	
  interactions	
  
among	
  electrons	
  and	
  between	
  
electrons	
  and	
  nuclei;	
  explore	
  the	
  
frontiers	
  of	
  light-­‐matter	
  interactions	
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! FEL facilities provide high intensity beams of ultrafast X-rays

‣ ~ 10 nm < ! < 1pm ⇔ 1 eV < E < 10 keV

! science program accessible at FELs is quite broad:

‣ structural biology

๏ solve structures of large macromolecular biological systems

‣ chemistry

๏ understand catalytic mechanisms (efficient conversion of light into 
electrical/chemical energy)

‣ material science

๏ study transport and storage of information on increasingly smaller 
length- and faster time-scales.

‣ atomic and molecular science (AMO)

๏ study the fundamental interactions among electrons and between 
electrons and nuclei; explore the frontiers of light-matter 
interactions

! FEL facilities have more than a single beam line

‣ lines differ by the photon beam energy

‣ different lines give access to different types of experiments

June 13th 2013 Giulia Casarosa
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FELs	
  in	
  operations	
  or	
  under	
  construction	
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Alcune	
  misure	
  ai	
  FEL	
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Protein imaging

Using extremely short and intense X-ray pulses to 
capture images of objects such as proteins before the X-
rays destroy the sample.


Single-molecule diffractive imaging with an X-ray free-
electron laser.


Individual biological molecules will be made to fall 
through the X-ray beam, one at a time, and their 
structural information recorded in the form of a 
diffraction pattern.


The pulse will ultimately destroy each molecule, but not 
before the pulse has diffracted from the undamaged 
structure.


The patterns are combined to form an atomic-resolution 
image of the molecule.


The speed record of 25 femtoseconds for flash imaging 
was achieved.





Models indicate that atomic-resolution imaging can be 
achieved with pulses shorter than 20 femtoseconds. 


Lawrence Livermore National Laboratory (LLNL)


M.Ferrario	
  



make a movie of chemical reactions

Chemical reactions often take place 
incredibly quickly: orders of magnitude of 
femtosecond are not rare. The atomic 
changes that occur when molecules react 
with one another take place in moments that 
brief.

The XFEL X-ray laser flashes make it 
possible to film these rapid processes with an 
unprecedented level of quality.

Since the flash duration is less than 100 
femtoseconds, images can be made in which 
the movements of detail are not blurred.

And thanks to the short wavelength, atomic 
details become visible in the films.


To film a chemical reaction, one needs a series of pairs of X-ray laser flashes.

The first flash in each pair triggers the chemical reaction. With the second flash, a snapshot is then 
made.

The delay between the two flashes can be precisely modified to within femtosecond and a series of 
snapshots can be made at various times following the start of the reaction.

In each case, the images are of different molecules, but these images can be combined into a film.


xfel.desy.de


M.Ferrario	
  



Beam	
  time	
  structure	
  

Ê  Each	
  pulse	
  is	
  always	
  very	
  short	
  

Ê  LCLS:	
  continuous	
  operation	
  @	
  120Hz	
  

Ê  XFEL:	
  220ns	
  spacing,	
  with	
  time	
  to	
  readout	
  

Ê  Future:	
  continuos	
  1MHz	
  spacing	
  

XFEL	
  

NLGS	
  



Which detectors are needed for the 
foreseen experiments?

!"#$%"%&'(#%)%&*#%+,%&-.%"/#.'*#&%01-&%#'#2,%3-4-3#5%/%3/-6"#2*2/%.#71/#
8%#3'"#-5%"/-4*#/86#.'96&#23-%"/-4-3#3'2%2:

energy-sensitive detectors 8-/;#<'"6=(-.-/%5#%"%&$*#&%26(1/-6"#46&#
2,%3/&6236,-3#%+,%&-.%"/2>#,622-7(%#,62-/-6"=2%"2-/-)-/*#46&#'"$1('&=
5-2,%&2-)%#%+,%&-.%"/2#?@=A#'"5#B=A#5%/%3/6&2C:
D 2-(-36"#5&-4/#5%/%3/6&2
D ;-$;=E#5%/%3/6&2
D 3&*6$%"-3#5%/%3/6&2
D %/3F

area detectors for imaging experiments>#5-44&'3/-6"#?G=A#5%/%3/6&2C:
D H;'&$%=361,(%5#5%)-3%2
D I*7&-5#J-+%(#A%/%3/6&2
D K6"6(-/;-3#L3/-)%#J-+%(#M%"26&2
D %/3F#

A.Castoldi, Giornate di Studio su IRIDE, LNF, march 2013



Technology options for 2D X-ray detectors 
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12th Pisa Meeting 
Isola d‘Elba, 24.05.12 

•  1024x 1024 pixels 

•  16 ladders/hybrid boards 

•  32 monolithic sensors 
128x256  6.3x3 cm2 

•  DEPFET Sensor bump 
bonded to 8 Readout ASICs 
(64x64 pixels) 

•  2 DEPFET sensors wire 
bonded to a hybrid board 
connected to regulator 
modules  

 
•  Dead area: ~15% 

x-y Gap 

128 x 256 Pixel Sensor 
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Progetto	
  PixFEL	
  

Nasce	
  dall’idea	
  di	
  applicare	
  gli	
  sviluppi	
  di	
  rivelatori	
  a	
  pixel	
  per	
  HEP	
  ad	
  un	
  
sistema	
  di	
  rivelazione	
  per	
  i	
  FEL.	
  

Scopo	
  finale	
  di	
  di	
  costruire	
  un	
  sistema	
  utilizzabile	
  dai	
  gruppi	
  di	
  ricerca	
  nel	
  
campo	
  della	
  photon	
  physics.	
  

Nella	
  fase	
  iniziale	
  ci	
  concentremo	
  su	
  un	
  dimostratore	
  che	
  verifichi	
  gli	
  
elementi	
  innovativi.	
  	
  

Fasi	
  successive	
  da	
  realizzare	
  anche	
  attraverso	
  Horizon2020	
  

Tentativo	
  di	
  coinvolgere	
  da	
  subito	
  le	
  industrie	
  per	
  l’ingegnerizzazione	
  del	
  
sistema	
  (FBK,	
  CAEN,	
  …)	
  

Sviluppo	
  per:	
  XFEL,	
  LCLS,	
  SwissFEL,NGLS	
  …	
  	
  à	
  necessario	
  sviluppare	
  
contatti	
  con	
  le	
  comunità	
  degli	
  utenti	
  dei	
  FEL	
  



Concetto	
  di	
  PixFEL	
  

Ê  Sviluppo	
  di	
  un	
  sistema	
  ibrido	
  espandibile	
  per	
  applicazione	
  ai	
  FEL	
  
Ê  Due	
  modi	
  di	
  operazione:	
  	
  

Ê  Burst	
  mode	
  –	
  memoria	
  locale	
  e	
  lettura	
  successiva	
  
Ê  Continuous	
  mode	
  –	
  lettura	
  frame	
  per	
  frame	
  

Ê  Sensore	
  	
  
Ê  inzialmente	
  Silicio.	
  Puo’	
  essere	
  altro	
  per	
  energie	
  più	
  elevate	
  dei	
  fotoni.	
  

Ê  Front	
  end	
  electronics	
  (interconnesso	
  via	
  bump	
  bonding)	
  
Ê  Sviluppare	
  canale	
  ad	
  elevato	
  range	
  dinamico	
  +	
  ADC	
  (65	
  nm)	
  	
  
Ê  Da	
  poter	
  leggere	
  inizialmente	
  in	
  modo	
  sequenziale	
  frame	
  per	
  frame	
  

Ê  Digital	
  chip	
  (interconnesso	
  via	
  TSV	
  su	
  macro	
  pixel)	
  
Ê  Per	
  poter	
  fornire	
  memoria	
  locale	
  e	
  lettura	
  successiva,	
  o	
  lettura	
  a	
  rate	
  più	
  

elevato	
  su	
  link	
  veloci	
  



XFEL	
  2D	
  imaging	
  detectors	
  

 
 
 
 
 
 

2.  Progress on the detector development program at the European XFEL 
The different scientific applications at XFEL.EU will be mainly addressed by the imaging detector 
development projects shown in table 1.  The first column summarises the requirements of the different 
experimental stations, the other columns the specifications of each detector.  In more detail the actual 
status of the DSSC [6] (hexagonal pixel), the AGIPD and the LPD detector projects are as follows: 

DSSC: First experimental results have been obtained by coupling the non-linear DEPFET prototype to 
an ASIC prototype comprising the complete readout chain from the analog front-end to the ADC and 
the memory.  Measurements show that the non-linear gain curve is well controlled by the applied 
voltages, which is an important milestone for further calibration studies.  Radiation hardness generally 
is not critical since the device is targeted at low energies where the sensor is shielding the ASIC.  
Software to model detector response have been developed and tested with experimental data. 
AGIPD: Different ASIC versions have allowed improvements to noise and radiation hardness. The 
droop (leakage) rate of the ASIC memory is a concern.  Up to 10 MGy (entrance dose) droop is less 
than 40% after 100 ms and can be restored to the non-irradiated performance by cooling. In addition, 
faster readout will be employed to limit storage times to !10 ms (i.e. <7% droop at room temperature). 
Fully functional 16x16 pixel chips bump-bonded to sensors have been produced and characterised. 
Employing these, a small scientific measurement campaign at DESY’s PETRA III synchrotron source 
is planned for 2012. Guard rings of the sensor have shown to sufficiently improve radiation hardness 
at the expense of dead border area. Much effort was invested in the development of a simulation tool, 
HORUS [7] that is also being adapted for other detectors.  Measurements on sensor test circuits show 
that a radiation damage tolerance between 10 - 100 MGy is expected, which is an excellent result. 
LPD: A first small 32x128 pixels prototype (1-tile) of the LPD detector has been tested end of 2011 at 
the DORIS synchrotron at DESY.  A new ASIC version is presently under preparation to reduce noise 
and improve radiation hardness.  Radiation hardness is less critical for the LPD detector since an 
interposer between the sensor and readout ASIC shields critical components such as the memory cells.  
First scientific measurements using a 2-tile system (64x128 pixels) are planned for 2012. 

3.  Critical detector parameters 
Amongst other essential detector parameters, single photon sensitivity and life time dose are discussed 
here in more detail.  Single photon sensitivity is required for most experiments at XFEL.EU, however, 
not for each image and not for the entire image area.  An over-specification may considerably increase 
costs and delays of a development project.  Concerning lifetime dose, liquid scattering experiments 

Table 1. Overview on 2D imaging detector development projects at the European XFEL.  All 
detectors are based on Si sensor technology and will provide a spatial resolution close to the pixel 
size.  All detectors are actively cooled and foreseen for vacuum operation, except the LPD. 
 Requirements AGIPD DSSC LPD pnCCD* FCCD 
Technology  Hybrid pixel Hybrid pixel Hybrid pixel CCD CCD 
Pixel size 10...100’s µm 200x200 µm2 204x236 µm2 500x500 µm2 75x75 µm2 30x30 µm2 
Detector size 1kx1k 1kx1k 1kx1k 1kx1k 256x256 1kx2k 
Tiling, hole Central, 

variable hole 
Multiple tiles, 
variable hole 

Multiple tiles, 
variable hole 

Multiple tiles, 
variable hole 

Monolithic 
no hole 

Monolithic 
fixed hole 

Quantum 
efficiency 

>80% >80% >80%  
0.5-13 keV 

>80% 
1-13 keV 

>80%  
0.3-13 keV 

>80%  
0.3-6 keV 

Sensor thickn.  500 µm 450 µm 500 µm 450 µm 200 µm 
Energy range 0.25-25 keV 3-13 keV 0.5-25 keV 1-25 keV 0.05-20 keV 0.25-6 keV 
Dynamic range 103 … 104 … 104 at 12 keV 104 105 at 12 keV 103 at 12 keV 103 … 104 
Noise Single photon 300 el. rms 50 el. rms 1000 el. rms 2 el. rms 25 el. rms 
Frame rate 4.5 MHz, 

2700 images, 
10 bursts/s 

4.5 MHz, 352 
images ana-
logue on-chip 

4.5 MHz, 640 
images digital 
on-chip 

4.5 MHz, 512 
images ana-
logue on-chip 

200 Hz, 
continuous 
(*prototype) 

200 Hz (1kx1k), 
continuous 

Fast	
   Slow	
  



Criticità	
  ed	
  innovazioni	
  
Ê  Elevato	
  range	
  dinamico,	
  1-­‐104:	
  

à	
  Preamplificatore	
  a	
  compressione	
  di	
  dinamica	
  

Ê  ADC	
  entro	
  200	
  ns	
  
à	
  Successive	
  approx	
  ADC	
  10	
  bit	
  

Ê  Tiling	
  senza	
  zone	
  morte	
  
à	
  Slim-­‐edge	
  sensors	
  sviluppati	
  per	
  Alice,	
  Atlas	
  (FBK)	
  

Ê  Pitch:	
  	
  100um	
  
àTecnologia	
  65nm	
  per	
  aumentare	
  la	
  densità	
  

Ê  Readout	
  e	
  memoria:	
  1k	
  frame	
  depth	
  
àUso	
  di	
  TSV	
  per	
  espandersi	
  in	
  profondità	
  

Ê  DAQ	
  e	
  banda	
  di	
  uscita	
  
à	
  Critici	
  ma	
  non	
  abbiamo	
  soluzioni	
  al	
  momento	
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PixFEL phone meeting, June 13th 2013 

Long term activity plan 

In the long term (6+ years) the project aims at developing a 2D X-ray, pixellated 
camera for applications at FELs, complying with the following characteristics 

•  100 um pitch 

•  1 kFrame (?) storage capability 
•  reconfigurability (?), for operation in burst and continuous mode 

•  burst operation at a maximum frequency no less than 5 MHz 

•  continuous operation at no less than 10 kHz (?) 

•  9 bits effective resolution 

•  single photon detection capability 

•  104 photon @1 keV dynamic range 

To enable the integration of all the needed functionalities in a relatively small area, 
a 65 nm CMOS technology, in conjunction with a vertical integration process 
(including high density TSVs), will be adopted 

The final instrument will be based on the tiling of elementary blocks with minimum 
dead area to be achieved also by using low density TSV and active edge sensor 
technologies 

21 



Bump	
  bonding 

PCB 

Pixel	
  detector 

ASIC	
  with	
  peripheral	
  readout	
  
architecture	
  and	
  memory 

100um	
  thick	
  mixed-­‐signal	
  ASIC 
“T-­‐micro”	
  bonding	
  and	
  RDL	
   

PCB with 
connector 

Bump	
  bonding 

PCB 

Pixel	
  detector 

ASIC	
  with	
  peripheral	
  readout	
  
architecture	
  and	
  memory 

100um	
  thick	
  mixed-­‐signal	
  ASIC 
“T-­‐micro”	
  bonding 

PCB 
with 
connector 

Ê  Uso	
  di	
  	
  Through-­‐silicon-­‐
vias	
  periferici	
  

Ê  Lettura	
  del	
  chip	
  analogico	
  
in	
  modo	
  sequenziale	
  

Ê  Chip	
  digitale	
  con	
  memoria	
  
e	
  sistema	
  di	
  
comunicazione.	
  

Ê  Uso	
  di	
  	
  Through-­‐silicon-­‐vias	
  
distribuiti	
  

Ê  Lettura	
  del	
  chip	
  analogico	
  in	
  
modo	
  parellelo	
  attraverso	
  
macro-­‐pixel	
  

Ê  Chip	
  digitale	
  con	
  memoria	
  e	
  
sistema	
  di	
  comunicazione.	
  

Long	
  term	
  activity	
  plan	
  



PixFEL phone meeting, June 13th 2013 

Aim of the PixFEL project 

Studying, designing and testing the building blocks (CMOS 65 nm) for the 
front-end electronics, complying with the application requirements 
•  low noise, (reconfigurable) wide input range front-end channel with 

dynamic compression 
•  9 bit (effective), 5 MS/s ADC 
•  circuits for gain calibration 

Investigating the enabling technologies for the design of chips with 
minimum dead area and high functional densities 
•  standard and slim edge sensors 
•  vertical integration for double tier design of the front-end 
•  low density TSVs for chip interconnection to the hybrid board 
•  interposers (?) for sensor to front-end pitch adaptation 

Looking into architectures for fast chip operation and readout  
•  frame storage mode (memory cell, maximum memory size, readout) 
•  continuous readout mode (maximum speed, accounting for DAQ limitations) 
•  reconfigurability (impact on the performance) 

23 



PixFEL phone meeting, June 13th 2013 

Activities 

2014 
•  define chip specifications. 
•  design of test structures with single blocks (analog front-end, ADC, circuits for gain 

calibration, single MOS capacitors, I/O circuits), CMOS 65 nm 
•  design of a 8x8 matrix, 100 um pitch 
•  design of standard pixel sensors 
•  start investigation on readout electronics 

24 

2015 
•  test the structures from the first run 
•  start investigation on 3D integration processes, including low density TSVs 
•  design of the 32x32 matrix (accounting for low density TSVs) 
•  design of slim edge pixel sensors 
•  interconnect the front-end chip to the (slim edge) pixel sensor 
•  start writing VHDL and design some elementary digital block (memory cells, buffers) 
•  start organizing the test beam 

2016 
•  test the 32x32 front-end chip 
•  test the chip after interconnection with the detector 
•  test structures including low density TSVs 
•  complete VHDL design of the readout electronics 
•  test the chip on a beam 



PixFEL phone meeting, June 13th 2013 

Synergy with other experiments/projects 

In the framework of the WP3 (Microelectronics and Interconnection 
Technologies), the AIDA project is exploring 3D technologies for 
applications to radiation detection systems. In the same framework, people 
are developing microelectronics blocks in advanced technologies (including 
CMOS 65 nm) for chips to be interconnected by means of 3D processes 

The CMS and ATLAS collaborations have started a joint R&D activity to 
develop the next generation pixel detectors for the experiments at the 
HL-LHC. Front-end design is mostly based on 65 nm CMOS technology 

Other front-end design activities are being carried out by the two 
collaborations separately, again involving 65 nm CMOS technology 
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Attività	
  a	
  Pisa	
  

Ê  Collaborazione	
  alla	
  definizione	
  delle	
  specifiche	
  

Ê  Contatti	
  con	
  le	
  facilities	
  FEL	
  

Ê  Progetto	
  convertitore	
  SAR,	
  logica	
  in-­‐pixel	
  e	
  architettura	
  readout	
  
semplificata	
  per	
  chip	
  prototipo	
  singolo	
  layer.	
  

Ê  Interconnessione	
  chip-­‐sensore	
  

Ê  Contributo	
  al	
  progetto	
  del	
  chip	
  digitale	
  per	
  prototipo	
  2	
  layers	
  (3D)	
  

Ê  Progetto	
  e	
  costruzione	
  schede	
  di	
  test	
  

Ê  Caratterizzazione	
  in	
  lab	
  dei	
  vari	
  chip	
  prototipo	
  

Ê  Partecipazione	
  al	
  test	
  su	
  fascio	
  (LCLS	
  ?)	
  



Budget	
  Pisa	
  –	
  piano	
  triennale	
  
Budget 

2 G. Rizzo PixFEL meeting  – June, 21  2013 

contatti con facilities FEL 6000 contatti con facilities FEL 6000

partecipazione a test beam 9000
riunioni di collaborazione 2000 riunioni di collaborazione 2000 trasporto materiale 3000

partecipazione a conferenza 2000 partecipazione a conferenza 2000
riunioni di collaborazione 2000

TOTALE MISSIONI 8000 TOTALE MISSIONI 10000 TOTALE MISSIONI 16000

materiale per schede di test 
(PCB+carriers+componenti)

5000
materiale per schede di test 
(PCB+carriers+componenti)

5000

interconnessione chip e sensore 
con IZM (2 wafer sensori + 10 
chip)

36000 meccanica per test su fascio 3000

sistema di acquisizione 15000 shipping box per traporti 2000

TOTALE CONSUMO 5000 TOTALE CONSUMO 56000 TOTALE CONSUMO 5000

Inventariabile
totale 13000 66000 21000

2014 2015 2016

Missioni

Consumo



Richieste	
  servizi	
  di	
  sezione	
  2014	
  

Ê  Sviluppi	
  del	
  chip	
  di	
  elettronica	
  e	
  schede	
  di	
  test	
  
Ê  Morsani:	
  50%	
  

Ê  Minuti:	
  30%	
  

Ê  Assemblaggi	
  di	
  chip	
  (un	
  chip	
  nel	
  2014)	
  
Ê  Supporto	
  del	
  servizio	
  A.T.,	
  per	
  incollaggi,	
  microsaldatura	
  



Prospettive	
  PixFEL	
  

Ê  Fino	
  ad	
  oggi	
  nostri	
  sviluppi	
  focalizzati	
  ad	
  applicazioni	
  di	
  HEP	
  
Ê  Anche	
  se	
  con	
  attenzione	
  ad	
  altri	
  campi,	
  vedi	
  rivelatore	
  Radon.	
  

Ê  Sorgenti	
  di	
  finanziamento	
  
Ê  INFN	
  (CSN5)	
  e	
  MIUR	
  (PRIN)	
  

Ê  Sempre	
  più	
  importante	
  
Ê  Pensare	
  ad	
  applicazioni	
  a	
  campi	
  diversi,	
  non	
  esclusivamente	
  HEP	
  
Ê  Trovare	
  sorgenti	
  alternative	
  di	
  finanziamento	
  

Ê  FIRB	
  
Ê  Progetti	
  europei,	
  Horizon	
  2020	
  
Ê  Progetti	
  regionali,	
  fondazioni	
  

Ê  Collaborazione	
  con	
  l’industria	
  



BACKUP	
  



Differences HEP vs. Photon Science  
Culture 

Sven Herrmann CSPAD-140k, Elba,  MAY2012 

SR and HEP are cultural opposites 
─  HEP: teams of hundreds for one  

experiment, complex detector system 
─  SR: teams of <10 usually,  

simple apparatus. 
─  HEP: Experiment takes years 
─  SR: Experiment takes hours or days 
─  HEP: Detector IS experiment 

- Scientists closely involved in design 

─  SR: SAMPLE is experiment:  
SR and detector a necessary evil 
- Scientists just want the result 
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(slide from Peter Siddons, NSLS Brookhaven National Laboratory) 

S.Hermann 



Instrumental	
  areas	
  at	
  EU-­‐XFEL	
  
2009 JINST 4 P12011

Table 1. Properties of the 5 radiators foreseen in the baseline design, extracted from table 5.2.2 and 5.3.2 of

the TDR.

SASE-1 SASE-2 SASE-3 U-1 / U-2

Length [m] 201.3 256.2 128.1 61

Energy [keV] 12.4 3.1–12.4 0.25–3.1 20–90

Photons/pulse 10
12

1.6x10
13

- 10
12

3.7x10
14

–1.6x10
13

1.1 10
9
–1.9 10

9

Beam size (µm) 70 55–85 90–60 24.5

Beam div. (µrad) 1 3.4–0.84 18–3.4 3.0–2.0

Spectral BW (%) 0.08 0.18–0.08 0.65–0.2 0.77–2.33

In other words, all the pulses are delivered in 0.6% of the time, which has major consequences

for the experimental conditions and specifically for the 2-dimensional X-ray detectors as will be

described in the following sections.

2.1 The Radiators

In the base line design, as described in the Technical Design Report (TDR) [1], 5 radiators (undula-

tors) will deliver X-ray photons to 10 experimental stations. It is important to point out at this stage

that the TDR provides rather a reference frame, and the exact configuration of the final facility

is constantly developing and being adjusted following the rapidly evolving scientific application

fields. The properties of the 5 radiators as defined in the TDR are given in table 1 below.

The 10 experimental stations will serve each different fields of science. The TDR identifies

the following 8 fields:

1. Small Quantum Systems (SQS)

2. High Energy Density Matter (HED)

3. Coherent X-ray Scattering and Lensless Imaging in Materials Science (CXI)

4. X-ray Photon Correlation Spectroscopy (XPCS)

5. X-ray Absorption Spectroscopy (XAS)

6. Femtosecond Diffraction Experiments (FDE)

7. Single Particles and Biomolecules (SPB)

8. Research And Development (RAD)

A detailed description of the science and experimental requirements for these 8 areas, can

be found in the TDR. In the so-called start-up phase, with reduced budget, only the three SASE

stations will be built, with SASE-3 limited to linear polarization. This start-up scenario allows

for future extension to the full facility described in the TDR. Each of the SASE radiators will

– 3 –
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facility from all the others, be they operational, under construction, or in the 

planning stage. 

 

Figure 1:  Pulse operation mode of the European XFEL and corresponding average 

and peak power values 

Eventually, the present concept emphasizes the use of an extremely versatile 

secondary spectrometer in the hard X-ray domain, while maintaining the 

simultaneous capability for revealing X-ray diffraction studies down to the few-

femtosecond time scale. This versatility can be preserved for a rather simple 

sample environment, thus the startup design will focus on dynamic studies in 

liquid or physiological environments, but also permit the study of solid 

samples, which require vacuum and cryogenic conditions. This concept is 

different from the other five scientific instruments planned for startup at the 

European XFEL, and thus provides specific capabilities that cannot be 

(easily) followed at any other scientific instrument at the European XFEL 

facility. 

100 ms 60 W / 2 (global average)

600 s 10 kW (train-averaged)

100 fs 20 GW            (peak power)

SASE = Self-Amplified Stimulated Emission

3keV < E(!) < 25keV 

0.26keV < E(!) < 3keV 
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DSSC	
  –	
  Design	
  Parameters	
  

Parameter	
  

Energy	
  range	
   optimized	
  for	
  0.5	
  …	
  6	
  keV	
  

Number	
  of	
  pixels	
   1024	
  x	
  1024 
Sensor	
  Pixel	
  Shape Hexagonal 
Sensor	
  Pixel	
  pitch ~	
  204	
  x	
  236	
  µm2 

Dynamic	
  range	
  /	
  
pixel	
  /	
  pulse 

~5000	
  ph	
  @	
  0.5	
  keV	
  
>	
  10000	
  ph	
  @	
  E≥1	
  keV 

Resolution Single	
  photon	
  detection	
  
also	
  @	
  0.5	
  keV 

Frame	
  rate	
   0.9-­‐4.5	
  MHz 
Stored	
  frames	
  per	
  
Macro	
  bunch ≥	
  640 

Operating	
  
temperature 

-­‐20˚C	
  optimum,	
  RT	
  
possible 

1 Mpixel camera with: 
 
•  Single photon sensitivity 

event at 0.5 keV  

•  high-dynamic range 
(>10000 ph/pixel) 

•  Frame rate up to 4.5 MHz   
(1 image every 220 ns) 

 
 
 

All the properties have to be 
achieved simultaneously 
 
DSSC will be the first instrument 
to fulfill this requirement 
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