Soft X-Ray Detector
Developments at DESY

DESY & its needs

» Ongoing projects /
participations

 DESY-led development Cornelia Wunderer
with RAL and Elettra: DESY Photon Science Division
PERCIVAL Detector Group

cornelia. wunderer@desy. de
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The Current DESY-Hamburg campus




The DESY Campus in the near future
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Soft X-ray Sources @ DESY

Synchrotron Free Electron Laser
PETRA Il beamline(s) FLASH
« 250-3000 eV « 15-300 eV

(in future possibly up to

* up to 5x10*2 photons/s

delivered to the sample ~530 eV)

«  Higher energies in
harmonics

«  1012-10*4 photons/pulse
delivered to the sample

. Pulse duration 10-200 fs
*  (up to 800x)10 pulses/s
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Different science — & challenge to detector
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Soft X-ray Developments for Photon Science
with DESY Involvement

DSSC (DePFET Sensor with Signal Compression)

a development for Eu-XFEL lead by MPG-HLL see talk by

Matteo Porro

DESY contributing to two aspects —
contributions to ASIC design, and development of
key electronics boards
leading WP Mechanical / Thermal

CAMP (CFEL-ASG MultiPurpose instrument)
using pnCCDs for imaging at FLASH and LCLS see talk by
DESY FS-DS contributed mechanics design Lothar Struder

Gotthard with YAG:Ce
extend Gotthard’s range down to FLASH’s energy regime (4-80 nm);
first tests in Fall 2012
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PERCIVAL

(Pixelated Energy Resolving CMOS Imager, Versatile And Large)

X-ray imaging MAPS for (X)FELs and synchrotrons
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. Energy range (<200 eV —) 250 eV — 1 keV (- few keV)

. minimum 1k x 1k (more is better!) pixels mmm)  4kx4k pixels

. need 10 — 100 um pixels, best <30um mmm) 25 pm pixels

. single-photon sensitivity with low probability of false positives

. (very) high Quantum Efficiency mmm) need > 85%, wish >95%
. QE uniform over sensor (bragg peaks might be sub-pixel size!)

. sensors must be 2-side buttable
—> can combine to form a 8k x 8k cloverleaf

. faster frame rate is better
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Sensor needs specific to FEL usage

. All photons arrive in ~100 fs
= need integrating detector
= all pixels must be ready for photons at this time

. 120 Hz frame rate and lower
(to work at base rate of existing/near future FELS)

. large dynamic range
(10° photons/pixel/image good, 10° photons/pixel/image great)

. No bleeding to neighboring pixels, even if dynamic range is exceeded
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Technology Options Include

CCD

> Limited maximum
full-well capacity

> Limited frame rates

= Blooming

= In our “region of
interest” (single-photon
at 250eV to 10°*
photons):
lower dynamic range
than CMOS sensors

credit: Jim Janesick, Pixelvision Inc.

Hybrid Detector

> QOptimize sensor and
electronics separately

> Pitch limited by
feasible bump bond
sSize

> Added complexity of
bump bonding

sensor chip {e.g. silicon)

high resistivity n-type silicon
p-lype

- aluminium layer
silicon layer

flip chip
bonding with
solder bumps

electronics chip single pixel

read-out cell

credit: Medipix Collaboration
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CMOS Sensor

> Profit from industry
developments

> Depleted region is the
epilayer, currently
limited to ~ 20um

> In-pixel conversion to
voltage/amplification

= On-chip digital
conversion possible

“from Turchetta 2010




PERCIVAL Energy Range & Quantum Efficiency

= 250eV — 1keV
> QE > 85% or even >95%

= QE uniform over pixel
(as much as possible ...)

100 -

0,01
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01 +

Taken together, these points imply

. Back-thinned, back-illuminated
sensor

. Special care must be taken to
reduce entrance window

thickness

Attenuation Length of Photons in Si and SiO, In the energy band

of interest, QE is
_ / limited by passive
— z A / window thickness!

—Si02 3
1um i e.g. 50 nm of SiO.;:
2 loss of 25% of
250 eV photons
ELASH . | dJa_tgfrom CXRO dgtapasle

10 100 ppoton Energy [eV] 1000 3
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PERCIVAL Single Photon Detection & Dynamic Range

> Single Photon Detection:

= Need reliable detection of individual 250eV photons

Need reliable detection of zero photons in non-illuminated pixels

single sensor: 4k x 4k = 16 million pixels

no or only very few “false positive” pixels < 107 error rate ...

... for 250eV photons : need electronic noise <(<) 15e-

> Dynamic range up to 10° photons and more

= even <1 keV: implies large “full well” capacity
= ~ 14 Me" from 10° photons at 0.5 keV

> Need dynamic range of better than 10° or 20 bit

= Given a CMOS voltage swing of ~1V, it would also require measuring 1uV

bottom line: need for multiple gains
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PERCIVAL Data Rate ... a non-negligible challenge

= 4k x 4k sensor, running at 120 Hz
> 15 bits /pixel for each image ADC’d on-chip (x2 for CDS)

> One sensor’s data rate is 60 Gbit/s

= Transfer from chip via ~150 LVDS lines running at ~ 400 MHz

> FPGAs & fast Memory buffer data,
possibly perform some reshuffling,
8x 10Ghit optical links to transfer to data storage

> front end of the data storage system:
will likely follow a similar architecture as that planned
by Eu-XFEL for its detectors, TBC
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PERCIVAL Test Chip(s)

210x160 pixels

Counters

Testing various pixel
architecture variants, on

. Reset (7b
two TS variants i L

Select (7b)
4 gains, automatically
selected (= 2 bit)

12 bit ADC (+1 bit overr.),
using coarse & fine stage

In total: 15 bits/pixel, plus
same for CDS info

Bias
references

Using 8 CMOS digital
outputs at 20 MHz
(final system: fast LVDS)

through ADC we can test
operation at speeds
required for 120 Hz
operation of final sensor

Analog pixel data can be
multiplexed out for testing
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Controlling signals

—_—

Y Addresses
Blocks

> Column biasing

Pixel Area
210x160
4 x gain per
pixel

Addresses Select
Reset
SwitchO
Switchl
Switch2

AB

i
l

vREF
SAMPLE
RESET
readSample
readReset
columnReset
50
+——— 5]
———— AnalogOut<0:6>

Sampling stage
(2b pixel gain
information)

Multiple ADCs /
column (12 + 1 bits)

Digital
Output
Stages




PERCIVAL Full 4k x 4k Sensor

10cm x 10cm sensor

buttable on 2 sides
with ~ 1mm dead
space

Bias moves on-chip

Output via fast LVDS
lines (e.g. 150 lines at
400 MHz, TBC)

7 ADCs per column,
that’'s 28000 ADCs
on the chip

ADC conversion in 7us

Count Y Addresses
ounTers B]OCkS

> Column biasing

1 address

for 7 rows

Reset (7b)

Select (7b)

Pixel Area
4kx4k
4 x gain per
pixel

Controlling signals

vREF
SAMPLE

Sampling stage (2b RESET
pEXE._] guin readSample

inf . readReset
i or'mcmon) columnReset

50
51

Bias block

controls

Multiple ADCs /
column (12 + 1 bits)

AAAAA

Digital
Output
Stages
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Readout & Control — Test Chip

Chip tests at RAL use universal image sensor tester,
Chip tests at DESY use in-house development (with Elettra) in preparation for full-sensor readout

>
O -
= Carrier Board
- 3 (Medipix SD Board)
<3 Mezzanine
Q FPGA
: =. Board
Peripheryboard Ethernet Links (4x10G)

Via RS232

Control and Readout PC

External trigger signal from facility
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On board:

Periphery Board for Test Chip Readout

Signal routing 55 . e

Supply generation ;%j;% B E]

Bias generation .

Bias measurement ADCs
T readers MAXIM -

In-vacuum temperature monitoring-
Fast ADCs for analog out ~
IC(s) for interface to power and bias
Buffer & LVDS conversion for digital ou
Convert in from Lv%:;‘to single CMO

J ¢ s
[& }
T
rd ; -
e
5
|

fabrication starts in ~ 1 week
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Mezzanine FPGA board & (Medipix) SD board

(shared by Lambda, AGIPD, and Percival projects)

o ;
(= ;
N B .,

|

Mezzanine board, bottom view

-
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Test Chip chamber(s)

> Cooling to temperatures in the -20°C to
-50°C regime, soft X-ray tests m) vacuum

A e A

= 2 variants for image tester @ RAL

and for custom electronics

= Shared “Chip on Board” (CoB) assembly to enable
easy testing
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Readout & Control — Final Sensor

Percival Mezzanine
FPGA
Carrier Board Board
Ethernet Links (4x10G)
Mezzanine
FPGA
D Board

Ethernet Links (4x10G)

saliddns abeyjon
» Bunnol eubis

Jaleq wnnoep

[

- Signal routing &
| voltage supplies|i

‘ﬁl

.

Control PC

Readout Interface PC

7 Timing Box

External trigger signal from facility
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PERCIVAL timeline

> Test chip wafers expected back from foundry this month

> Functional tests on non-backthinned structures in 2012
> First back-thinned test chips expected early 2013 (= soft X-ray testing)

> Full sensor tape-out planned for spring 2013

= Functional tests on non-backthinned sensors start ~ 4 months later

= First full, back-thinned sensor ready for X-rays ~ first half 2014

as you well know, take this with a big grain of salt ...
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The PERCIVAL Team

DESY: RAL: Elettra:
Matthias Bayer Rebecca Coath Giuseppe Cautero
Peter Gottlicher Przemyslaw Gasiorek Simone Farina
Heinz Graafsma Nicola Guerrini Ralf Menk
Helmut Hirsemann Ben Marsh Luigi Stebel
Sabine Lange lain Sedgwick
Alessandro Marras Renato Turchetta
Igor Shevyakov
Michele Viti

Cornelia Wunderer
Manfred Zimmer

I've presented the work of many,
thanks to the team — and to you for your attention!

We're open to further collaboration,
and welcome input from the community/

Cornelia Wunderer | DESY soft X-ray developments | SRI Detectors, July 5, 2012 | Page 22 @ &




