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Outiline

curopean XFEL

- constraints for our defector

The Detector

ASIC Prototypes : Handling the constraints
- Adaptive Gain

- Embedded Memory

- On-board Logic

- Rad-hardness

Summary & Perspectives
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Requirements at the _£= -
XEEL experiments <

Experiments Energy ph/pulse

Femtosecond X-ray Experiments
(FXE), Single Particles, Cluster | 3-25keV 1012-1013

SASEL | 4 Biomulecules (sPB) (12.4keV) 1012

Material Imaging & Dynamics | 3_ 12_1013
SASEZ2 | (MID), High Energy Density 3-25keV 10*2-10

Matter Experiment (HED) (12.4keV) (1012
Small Quantum Systems (SQS)
SASE3 Spectroscopy & Coherent 0 26-3keV 1013-10"

Scattering (SCS)
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~ 10% photons over 3 years
- ASIC exposed ~ 10MGy
From 1 up to 10* 12.4keV photo
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=-XFEL constraints

) <9

> Non-uniform time structure

100 ms 100 ms

» 2700 pulses @4 5MHz every 100ms
» "instantaneous” energy deposition
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Constraint Summary

in the same image:

— * up to ~ 10* photons radiation
- > down to 0~1 tolerant!
. 1-photon resolution!
Il | (or better than poissonian)

\
ul
Engle-image experiments!

as many as possiblel!

4.9MHz x [manl); p!xe:si
B, small pixels!
2700 images P

Charge integration . in-pixel Memory ~ 350 frames
Adaptable Gain O(2) . veto schema

hoise 0.1 photon + leakage minimization

1Mpixel, 200 pm pitch - rad hard design
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> TBM 150 nm
CMOS tech
* 64x64 pixels

- 4 readout ports
- 16 col/output

» est. Pow =
~2W/chip
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*200um pitch
*multiple (
*analogue + digita
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Embedded me

voo

VIN

VIN

L yDD
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VSS

info to be stored
in-pixel for
O100ms
oth amplitude
signal and gain info

<0.1% signal loss
easy to address |
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352 memory cells/pixel
ptimized for rad-

hordness (floating nwell

Vdd-biased guard rings)
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> prototype working after 10MGy
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Memory space
addressable RAM-
like from the
(external) interface
electronics

- allows for Veto
schema (overwriting
of meaningless data)

<o
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Mem Addr

bunch # 001

bunch # 002

B bunch # 003

bunch # 004

_O[Mem Addr] [Mem Addr} bunch # 005
< | Mem Addr  —————

>{ Mem Addr, T bunch # 006

Mem Addr
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"D" pixels
200001 noise ~450e 20000 1

"LG" pixels
noise ~420e

) L)
-1000 0 1000
equivalent charge input [e]

) L)
-1000 0 1000
equivalent charge input [e]

) L) L} A
-2000 2000 3000 -2000 2000

"HG" pixels
noise ~320e

"N" pixels
noise ~415e
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< 0.1 photon
@ 12.4keV
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e Irradiation of
LIPAD 0.1/0.2 -
AGIPD03/04 chips
- up to 10-100MGy
. @ DORIS F4

- 5.4kGy/s
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0 500 1000 1500 2000
equivalent charge input [e]

» comparable behaviour ug
to 1I0MGy

- limited noise increase

+ 100MGy: functionality

recover after annealing
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X-ray detection AGIP
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photon energy [keV]

counts

0 450
» X-ray tube, 40kV + Petra IIT beamline

- Mo target (17.8keV) - 7.05keV

- 4mm Al to reduce

bremsstrahlung + diffraction pattern from

illumination of spherical
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Imagi Ng with prototypes

AGIPDO3

AGIPDO4
! OB B AGIPDO0.4

129 03.2012

AGIPDOZ 4

meas. done by 3 _ s
Domiic Greiffenberg (PST) gty T T TR
Ulrich Trunk (Desy) | = ......
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Summary

Developing a IMpix sensor for tThe European XFEL

- DESY, PSI, UniBonn, UniHamburg

- overal brototvbe

*  Adaptive gain » On-chip control logic

- Functionality tested - 4 LVDS lines
» In-pixel Memory * Radiation Hardness
- ~350 frames - 2 10MGy

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

* http://hasylab.desy.de/instumentation/
detectors/projcts/agipd
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AGIPDOB: Droop

Transistor type -
connection of upper n-well
- potential of guard ring

"‘a.__‘_“-
—S—— Ry TIN-GND Gy)  ——S——RVTVOD-GND Gy)

G0 | T RVTIN-GND 1mkGy) —E—RVTVDD-GND (100kGy
e R TIN-GND (I MGy) e RYTVDD-GND 1M G)
st B IN-GND 03y} st | A DD-GND (0GY)
80 [ssgnes PN-GND [I00KGY) e [PADD-GND (100k Gy)
sl | PN-GND (IMGy) =B P YDD-GND (IMGy)

o | PYDDADD DAY) e RYTADDVDD DGY)

Droop (av. reduction of dynamic range) [%]

-100
sy | PAYDDYDD (100KGY) = RYTADIVDD f00kGy)

sl | PAYDDVDD (IMGy) =Ry TYDD-VDD (1 MGy

-120
1.00E-004 1,00E-003 1,00E-002 1,00E-001 1,00E+000

Storage time [s]
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Storage Cell Evol.

> V/dd-Ring introduced
around critical devices
- ELTransistors introduced

» waiting for tests on
AGIPDO3 test chip

<<
()
o
©
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Radiation in FELs

low gain exponential gain
{high-gain linear regime)

P'I:' B Fu lem'uﬂnl

log (power)

SASE principle

0 (Self-Amplified Spontaneous
Emission)

*  Random seed ) saturation |ength f duration, length
- Almost 100% transverse coherence
- Limited tfemporal coherence - 10 Lgain

* Tail-head phenomena
- Microbunching

- Exponential growth of intensity &
power
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Alternative module

arrangements

LI raant

2 x 7 modules in upstream part

4 modules per quadrant

1 plane (windmill) solution 1 planes solution
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Radiation Hardness
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60fF feedback capacitor - 100fF feedback capacitor
+ preferred solution
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