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[@lOutline

"  Pixeldetektoren am CERN

" Medipix, Anwendungsbeispiele
" Medipix2 chip & readout System
® X-ray-, Neutronenbildgebung, .....

,,Spin back® in HEP: Timepix
Medipix3
Zusammenfassung

Demo
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= Anforderungen 1n HEP Tracking
““fuer LHC (Kurzfassung)

» Teilchen muessen einzelen bunch crossings zugeordnet werden (25ns)
« Information muss gespeichert werden bis Auslesetrigger gegben wird

« Ortsaufloesung — eng beieinanderliegende Teilchenspuren muessen in r
and phi separiert werden koennen

* Minimal Masse
e Minimaler Energieverbrauch
» Strahlungharte Detectoren and Ausleseelektronik

Single Event Processing

HYBRID SILICON PIXEL DETECTORS
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Pixel Detectors at CERN

* Used in LHC experiments to obtain precise spatial

information of particle tracks
Example: ATLAS
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GJATLAS Pixels

 ATLAS or CMS bestehen aus ~15000 pixel Chips

Half-shell of pixel layer 2 (interior):

= g —— —_—
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mrid pixel detector arrangement in
ed target heavy 1on experiment

(CERN WA97)
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@l Tracking

— unambiguous reconstruction of particle patterns with
micrometer precision

— low input noise due to tiny pixel capacitance

\ i /// / WA97, RD19 (CERN):

gy All hits associated with particle
_ N o Z tracks; clean and fast images.
'#Mf
i e | First large-scale CMOS pixel
tem.
] % system
O FEENNIN N
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@’Iotwaﬁon fur das Medipix Projekt

Technology entwicklet fuer HEP: £offensichtlich auch einsetzbar in
anderen Bereichen. Anforderungprofile in Bildgebung zT. stark
ueberlappend

e Fortschritt in CMOS Technologie ermdglicht Implementierung

— kompletter real-time Signalverarbeitung von einzelnen Photonen
im Pixel Mafstab

— Photon Energie dient als Selektionskriterium
* Rauschunterdruckung ( — zB. Leckstrome)

— Dagitalisierung bereits im Pixel ( != CCD, AMFPI)
* Linearer dynamischer Bereich
 Limitiert nur durch die Anzahl der Bits im Zihler

— Keine Wichtung der Photonen nach Energie -> Verbessertes SNR
(eg. bei schwachem Kontrast in med. Radiography)

— Quantum Imaging
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e{Hybrid-Pixel Detektor

sensor chip (e.g. silicon)

high resistivity n-type silicon
p-lype

i aluminium layer
silicon layer

fipchip U S N N T :
bonding with .
solder bumps ‘@

aluminum backside layer

(ohmic contact)

E—
electronics chip single pixel high resistivity +
read-out cell n-type silicon =~ % =d
p-type silicon

solder bump

pixel readout—F———— 'D“JET
.-"""-’

electronics chip—

charged particle
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[@IMedipix2 Chip

Sensitive Fliche ~2 cm?

14111um

1 v

Kachelbar / Daisy-chain

Serielle Auslese ~ 9.2ms

! @100MHz Clock
~300us 32bit CMOS
Parallel Port
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@]Medipix2 bump bonding

U

sensor chip {e.g. silicen)

high resistivity n-type silicon

- Target Solder Volume = 1.52010-% m?

: : ? :
MCNC-RDI x200 200um

]
MCNC-RDI x200 200um
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@Medipix2 Pixel Cell Layout

e 256 x 256 Pixel

* 503 Transistoren/Pixe
~33Mio /Chip
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WMedipix2 Pixel

. Positives und negatives Eingangssignal — alternative Detekormaterial moglich
. Ladunssensitiver Vorverstarker mit Dunkelstromkompensation pro Pixel

. 2 Diskriminatoren mit global einstellbarem Schwellwert
. 3-bit Schwellwert-Feinabstimmung per Pixel

. Aktivierung des Zihler mittels externen Shutter Signal

. 1 Test-bit and 1 Maskierungs-bit per Pixel

«  13-bit Pseudo-random Zihler Maskbit
3 bits

threshold

Polarity  cjockout

Previous Pixel

Shutter 1 ‘

Mux

Vth Low R v
Double | Mux
0 ‘ Disc 4
| w logic 13bits | [\
—1—  Vth Hig Shift 11
Ctest —— 3 bits I Register
\ ‘ Testbit threshold Co_nf —>
Maskbit 8 bits  +———
configuration
Test Input 4
Next Pixel
— ” I

An?flog

Digital
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@B based Medipix2 Readout System

USB1 compatible

Includes Pixelman readout
software

Developed by S. Pospisil et al.
CTU, Prague
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USB Lite

with bonded bare chip
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[@]55Fe — 5.9 keV

— 240

» Geringe Intensitit ~240 Photonen in
Hintergrund

e Niedriger Schwellwert ~3.5 keV
* 14 Stunden Aufnahme
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[@IMedpix2 images

W 14KV
125 pm Al
Smm PMMA

+ Enges Spektrum 8-14kV
oder

geringe Anderung des
Zahlwerts mit
Photonenenergie 15-35kV

W 35 kV
2.5 mm Al
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JIEnergiefenster
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Kapton 1 um

- Conductive glue
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[@lHigh rate images

X-Ray movie at 5.5fps 512x512 pixels, uses 4-chip Quad detector
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[]Real high rate images

* Application required
development of a new fast
readout system
(ESRF Grenoble)

] kHz frame rate

imaging could be
achieved
turning chopper wheel
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Medipixz collaboration

*  Form by 17 institutes (16 EU and 1 US)
«  Applications:

— Dental radiography

— Mammography

— Angiography

— Dynamic autoradiography

— Tomosynthesis

— Synchrotron applications

— Electron-microscopy

— Gamma camera

— X-ray diffraction

— Neutron detection

— Dynamic defectoscopy

— Adaptative optics

— Radiation monitor
*  >100 publications in the last 5 years (http://www.cern.ch/Medipix)

»  Medipix3 collaboration started last September (“The Medipix3 Prototype, a Pixel Readout
Chip Working in Single Photon Counting Mode with Improved Spectrometric Performance”,
R.Ballabriga, IEEE NSS-MIC 2006)
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.Neutrono graphy

Czech Technical University, Prague

Detection of light elements due to different attenuation of
neutrons in matter, strong attenuation by H -> organic materials

« Conversion of thermal neutrons to heavy charged particles in SLi
converter layer

« Reaction: SLi+n — o (2.05 MeV) +3H (2.72 MeV)
Cross section: 940 barns (0.0253 eV)

neutron

_Converter

—— Detector chip

‘IReadout chip

AT
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Comparison with Conventional

“"Neutron Imagers

- e Vs

Photo Medipix1

Medi.pix2 CCD Img. plate
Samples: blank cartridge and fishing line

June 2007, German Teachers Programme Medipix Collaboration, Lukas Tlustos, CERN



[©INeutron Radiography A

* While X-rays are attenuated more effectively by heavier materials like metals,
neutrons allow to image some light materials such as hydrogenous substances with
high contrast.

» Neutron radiography can serve as complementary technique to X-ray radiography.

©NSVIRAGPS!

NRUTRSNR 2 GRAPHY

Images: courtesy of Paul Scherrer Institute, Neutra facility
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Czech Technical University, Prague

Neutron vs. X-ray tomography

3D-reconstruction of blank cartridge

Neutron tomography

Filtered back-projection algorithm

X-ray
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Neutron
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[€]Small Animal Imaging

CT of a dead-born mouse

Friedrich-Alexander- llnwemtat
Erlangen-Niirnberg oo
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[€]Small Animal Imaging

Friedrich-Alexander-Universitat
Erlangen-Niirnberg
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[€]Small Animal Imaging

* CT-volume-rendering

Friedrich-Alexander-Universitat
Erlangen-Niirnberg <7,
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X-ray Transmission Radiography
=“and Tomography

« High-resolution X-ray radiography using a microfocus X-
ray source (courtesy CTU Prague)

Pixel detector

SpeC|men Medipix2

Specimen holder
(cooling, humid air)

Mlcrofocus
X-ray tube

Carrousel with
calibrating foils

.I_. -'. i 1! . "-"fl | A s
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High—resolution X-ray &)
—Radiography

* Imaging of termites

Imaging of termites as an
example for a soft tissue
organism

Department of Eftbmolagy

m
k3
8
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¥ -
(=]
-
.=
n
a
=
=
=

Particularly difficult due to their
poorly sclerotized cuticle.

Vulnerable to damage when
manipulated during sample
preparation.
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High—resolution X-ray Radiography %

* Imaging of termites

X-ray transmission image of a termite
worker body (left) and detail of its head
(bottom). Even the fine internal structure of
the antennae is recognized.

(Magnified 15x, time=30 s, tube at 40 kV and 70 mA)
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[@Phase Enhanced Contrast Imaging/

Spatial coherence ensured by small size of radiation source (point source):

— X-rays: Microfocus X-ray tube
— Thermal neutrons: pinhole aperture

Intensity profile

[9%] .

\-__} ~ V
160 um
™+

Microfocus  X-ray
tube filter J

Yy
~

™ L

Detector = = =Pa.';/'t/k;?n [p/')(z'/]

The signal caused by phase
shift (B) is significantly
larger than the signal caused
by intensity attenuation (A)!

kas Tlustos, CERN




High—resolution X-ray Radiography
* Imaging of LIVING termites

Images of a termite worker before (left) and after (right) its metamorphosis towards the
soldier caste (5 s exposure ~ 0.7 mGy dose)
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[EHow to Detect Visible Photons?

v¢ High-QE photo-cathode
Pair of microchannel plates (MCP)
Medipix2 counting CMOS pixel chip

(all integrated into compact vacuum tube) ., N
AVAVAV

A\ Q=10%
Pij=Pij + 1

=
. N
< Accumulate photon events on pixel; % t )
noiseless chip readout
2

8

Extended Blue 1

‘Quantum Efficiency (%)
S 5

/ -+ Extended Blue 2

- Standard

2 pm pores
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)

Photocathode converts photon to electron

MCP(s) amplify electron by 10 to 108

Rej oR ’llj“ l\'

Patte

June 2007,

Visible Photon Imaging

MCP
stack

Tube Window with
photocathode

-

Charge distribution on strips

Charge Cloud,|
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@aptive Optics

Light From

| Telescope
Adaptive ' Distorted
Mirror

Proposal for a Wavefront

new WES - |
Optical Medipix [

tubes\

Y Y Y

Y

Corrected
Wavefront

Wavefront Camera
Sensor

A wavefront sensor detects
the atmospheric
turbulences and sends the
information continuously
to a control system that
controls online the
deformation of the
adaptive mirror to produce

High-resolution Sharp 1mages.

» The wavefront sensor needs to be faster than the turbulences (oversampling)
—> continuous operation at frame rates >1000 frames per second
 High signal-to-noise ratio to guarantee precise correction (high quantum

efficiency and low noise)
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@N Example for the improvements using AO

e Theta 1 Ori B
AO ON MMT Adaptive Secondary

AO ON

Faint companion

A
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[@]Sub-Pixel Resolution

Can achieve sub-pixel resolution with special

event centroiding al

= l‘"-
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|Ii III—

= Lt
--— 5N
r
n I
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. =
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Theoretical pixel resolution (55 um).

gorithm

5-6 pattern resolved corresponding to 57 Ip/mm
(8.8 um).
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[EJTT to industry- PANalytical

PANalytical

i P PRGET DO PSRN (FTLIN PEY E RSLAN DL RN TN RO BDLER i
= 3G JET 338 3RO 340 34 347 T4 344 345 6 4.7 348 349
O {1
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[@Back to Tracking/HEP

Different particles have different event signatures = use cluster finding

algorithms and decoding of event morphology

Vary energy threshold = spectroscopic information
v New application: online dosimetry

v Will be installed in ATLAS to cross-check dose simulations
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241 Am alpha source
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>Fe X-ray source

9Sr beta source
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[@lSpin back to HEP

* A novel approach for the readout of a TPC at the future linear collider
1s to use a CMOS pixel detector combined with some kind of gas gain
grid

» Using a naked photon counting chip Medipix2 coupled to GEMs

(A.Bamberger, M.Titov, Freiburg) or Micromegas (J. Timmermans,
NIKHEF) demonstrated the feasibility of such approach

DRIFT 250
-
- 200
(O Ep DRIFT
150
GEM 1 - F A E XA EXEREERE. q
ET TRANSFER _
GEM2 =@ S 05568058888 100
ET TRANSFER
GEMS F==% "% * * “oucrion 50
READOUT
MediPi2 50 100 150 200 250
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Spin back to HEP

* A novel approach for the readout of a TPC at the future linear collider
1s to use a CMOS pixel detector combined with some kind of gas gain
grid

» Using a naked photon counting chip Medipix2 coupled to GEMs

(A.Bamberger, M.Titov, Freiburg) or Micromegas (J. Timmermans,
NIKHEF) demonstrated the feasibility of such approach

A
50um"

Micromegas
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@l Timepix

* New readout chip fully compatible with
Medipix2 electronics/software
3 operational modes
— Counting ( = Medipix2)
— Arrival time
— Time over threshold mode (~ energy deposited)
* Mode can be set 1n each pixel

independently, allowing for concurrent
energy and arrival time measurements
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) Timepix Pixel Schematic

Previous Pixel

l

Ref_Clkb Clk_Read Mux
4 bits thr \ /
Adj
Mask | '
l Mux
H H 1
Input Preamp P ’f/
Disc — 14 bits
THR— i Shutter Shift
. : : Shutter_in Regis'ter‘
Ctest — — ft
0 Conf —
: on
\4— Testbit Polarity 1
8-bit PCR «—
Test Input
Ovf Control
Ref_Clk Clk_Read 1
Next Pixel
.~ _J ~— 7
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Timepix with 3-GEM detector

« DESY testbeam in November 2006 (A.Bamberger,

M.Titov)
TOT TIME
180 - 180 505
160 160
140 500 140 600
120 120
o - {595
100 400 400
80 L1300 80 L 1590
60 60
40 200 4g 285
20 100 % 580
50 100 150 50 100 150
12.11.2006_00-17-11-974_25ms 12.11.2006_00-17-11-974_25ms
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[@]°0Sr with USB

e 9Sr 11 us exposure time and Clk_Ref=6.27 MHz (159.3ns)

Maximum acquisition time dynamic range of 1.88 ms

256

1 X (column number) 256

J 1 2951 5901 88511.18e+004 5ix Collaboration, Lukas Tlustos, CERN




[@]Zusammenfassung

« Technologie entwicklet im HEP Kontext erfolgreich in
weiltem (und staendig wachsendem) Anwendungsbereich
eingesetzt

— Auslesechip + universell einsetzbar, Adaption an die zu
detektierenden Teilchen i1m Sensorteil

» Erfolgreicher TT in europaeische Industrie

* Transfer nicht einseitig — Ideen entwicklet im Rahmen des
Medipix Projekts zurueck in HEP

June 2007, German Teachers Programme Medipix Collaboration, Lukas Tlustos, CERN



[@]Outlook

New IC design to deal with charge sharing

Edgeless / 3D sensor (edgeless readout)

for large area tiling

Uniform high Z sensor
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[€]Simulation Ladungstransport

Monoenergetische Photonen 20 keV

0 — ! ! 2e+12 300
{ : : —— sim. sensor
50} | 4 | 250 | sim. 150e noise
i i i o o experiment
100 : ! : 200 -
e | i _
Sw | W 3 150
| | | =
2000 0 100 |
| | |
| | |
250} : : : 50t
[ | [
300 L— ! — Ilo —t i A
T 0 5 10 15 20 25
um]
photon energy [keV]
20 keV Photonen ¢ Monoenergetisches Photonenspektrum —
300 um S1 Sensor kontinuierliches Spektrum mit + konstantem
55 um Pixelgrosse Untergrund und starkem Anteil niedriger
120 V Sensorspannung PulshGhen
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[@]Spektrale Rontgenquelle

Simulation des effectiven Signalspektrums an der

Pixelelektrode

Photonen Spektrum

0 5 10 15 20 25
photon energy [keV]

June 2007, German Teachers Programme
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Charge—sharing Korrektur

» A «

- Simulation: Summation der

- Signale aus 3x3 Pixeln
Deformiertes Pixel Spektrum Korrigiertes Pixel Spektrum
007} | — rlnaximu;n signall 1 0.051 -
—&— next neighbour
0.06 diag. neighbour 0.04 |
—=— total ;
005} 7, ]
w004 - ] > i
— 0.03 | L =.:.}EE;,".'-"" i < e | 0.02
002} £V |
. 0.01¢
0.01} . h -
0 e : m-.'&;;:.:.::.:.:.::.:.:.::.:.:.:".:.:.‘".:.:.":.: 0t
0 5 10 15 20 25 30 ' ' ' ' ' . :
signal height [keV] 0 S 0 15 20 2% 30
energy [keV]
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| | |
The winner takes all

@rdipix3 - Charge Summing Architecture

« Charge Is summed In
every 4 pixel cluster on an
event-by-event basis

» The incoming quantum Iis
assigned as a single hit

ISS pm
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Uniform high-Z material

Medipix1 with Si and GaAs

3 00 mm Si 22-Jul-2004 - swatch_si_corr_b 1 50 mm GaAS 22-Jul-2004, swatch_gaas_corr_b
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Fellow members of the Medipix Consortium
www.cern.ch/medipix

Members of the CERN Medipix team
Rafael Ballabriga
Michael Campbell
Erik Heijne
Xavier Llopart

Winnie Wong




EDIPIX2 PARTNERS
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