
NSS SummaryNSS Summary
IngridIngrid--Maria GregorMaria Gregor

DESY Seminar
November 28th, 2006

Nuclear Science Symposium, Nuclear Science Symposium, 
Medical Imaging Conference Medical Imaging Conference 
and 15and 15thth International Room International Room 
Temperature Semiconductor Temperature Semiconductor 
Detector Workshop Detector Workshop 



2

SomeSome StatisticsStatistics
NSS/MIC 2006: San Diego California NSS/MIC 2006: San Diego California Town&CountryTown&Country ResortResort

2 Conferences with two days overlap2 Conferences with two days overlap
+ 6 workshops+ 6 workshops
+ 7 short courses+ 7 short courses
+ RTSD (Room Temperature Semiconductor Detectors)+ RTSD (Room Temperature Semiconductor Detectors)

NSS: NSS: 264 talks264 talks (mostly parallel), (mostly parallel), 282 poster282 poster
MIC: 96 talks, 462 posterMIC: 96 talks, 462 poster
RTSD: 75 talks, 39 posterRTSD: 75 talks, 39 poster

Workshops:Workshops:
Third Workshop on the Nuclear Radiology of Breast CancerThird Workshop on the Nuclear Radiology of Breast Cancer
MicroMicro--Pattern Gas Detectors: High Energy Physics and BeyondPattern Gas Detectors: High Energy Physics and Beyond
Compton Scatter Imaging for Medicine, Astronomy and IndustryCompton Scatter Imaging for Medicine, Astronomy and Industry
Innovative Techniques for Innovative Techniques for HadronHadron TherapyTherapy
BiBi--modality PET and MRI Workshopmodality PET and MRI Workshop
GATE WorkshopGATE Workshop

Short Courses:Short Courses:
Interaction of Radiation with Matter: Theory and PracticeInteraction of Radiation with Matter: Theory and Practice
Nuclear Science for Homeland SecurityNuclear Science for Homeland Security
Integrated Circuit Front Ends for Nuclear Pulse ProcessingIntegrated Circuit Front Ends for Nuclear Pulse Processing
Molecular Biology for Imaging ScientistsMolecular Biology for Imaging Scientists
Detectors for PET and SPECTDetectors for PET and SPECT
Small Animal Imaging: Detectors and Technical AspectsSmall Animal Imaging: Detectors and Technical Aspects
Image QualityImage Quality
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More StatisticsMore Statistics
1572 attendees1572 attendees
About 50% for NSSAbout 50% for NSS
~500 in plenary session~500 in plenary session
5050--100 per parallel session100 per parallel session

52% Americans52% Americans
30% Europeans30% Europeans
12% Asia12% Asia

South Korea

Canada

Switzerland

Spain

Eastern Europe 

United States

Japan

Germany

Italy

France

United Kingdom

General reception at pool: ~1000 peopleGeneral reception at pool: ~1000 people
(nobody fell into the pool)(nobody fell into the pool)
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Scientific Programme (NSS only)Scientific Programme (NSS only)
N01 NSS Plenary
N02 Computing in HEP Experiments
N03 Detectors and Electronics for the SNS
N04 Gas Detectors I
N05 Photodetectors and Radiation Imaging I
N06 Instrumentation for Homeland Security
N07 Core Software Tools
N08 Data Acquisition and Analysis Systems I
N09 Radiation Damage Effects
N10 HEP & NP Instrumentation I: Calorimetry
N11 Neutron Imaging and Radiography
N12 Nuclear Measurements and Monitoring Techniques I
N13 Analog and Digital Circuits I
N14 NSS Poster 1
N15 HEP & NP Instrumentation II: Pixel Detectors
N16 Gas Detectors II
N17 Analog and Digital Circuits II
N18 HEP & NP Instrumentation III: Silicon and Diamond 

Detectors
N19 Synchrotron Radiation Instrumentation
N20 Data Acquisition and Analysis Systems II
N21 Astrophysics and Space Instrumentation I
N22 Software for Radiobiology and Hadrontherapy
N23 HEP & NP Instrumentation IV
N24 Gas Detectors III
N25 Analog and Digital Circuits III
N26 Data Analysis and Grid

N01N01 NSS PlenaryNSS Plenary
N02N02 Computing in HEP ExperimentsComputing in HEP Experiments
N03N03 Detectors and Electronics for the SNSDetectors and Electronics for the SNS
N04N04 Gas Detectors IGas Detectors I
N05N05 PhotodetectorsPhotodetectors and Radiation Imaging Iand Radiation Imaging I
N06N06 Instrumentation for Homeland SecurityInstrumentation for Homeland Security
N07N07 Core Software ToolsCore Software Tools
N08N08 Data Acquisition and Analysis Systems IData Acquisition and Analysis Systems I
N09N09 Radiation Damage EffectsRadiation Damage Effects
N10N10 HEP & NP Instrumentation I: CalorimetryHEP & NP Instrumentation I: Calorimetry
N11N11 Neutron Imaging and RadiographyNeutron Imaging and Radiography
N12N12 Nuclear Measurements and Monitoring Techniques INuclear Measurements and Monitoring Techniques I
N13N13 AnalogAnalog and Digital Circuits Iand Digital Circuits I
N14N14 NSS Poster 1NSS Poster 1
N15N15 HEP & NP Instrumentation II: Pixel DetectorsHEP & NP Instrumentation II: Pixel Detectors
N16N16 Gas Detectors IIGas Detectors II
N17N17 AnalogAnalog and Digital Circuits IIand Digital Circuits II
N18N18 HEP & NP Instrumentation III: Silicon and Diamond HEP & NP Instrumentation III: Silicon and Diamond 

DetectorsDetectors
N19N19 Synchrotron Radiation InstrumentationSynchrotron Radiation Instrumentation
N20N20 Data Acquisition and Analysis Systems IIData Acquisition and Analysis Systems II
N21N21 Astrophysics and Space Instrumentation IAstrophysics and Space Instrumentation I
N22N22 Software for Radiobiology and Software for Radiobiology and HadrontherapyHadrontherapy
N23N23 HEP & NP Instrumentation IVHEP & NP Instrumentation IV
N24N24 Gas Detectors IIIGas Detectors III
N25N25 AnalogAnalog and Digital Circuits IIIand Digital Circuits III
N26N26 Data Analysis and GridData Analysis and Grid

N27 HEP & NP Instrumentation V: Detector 
Commissioning and Engineering Aspects

N28 Nuclear Measurements and Monitoring Techniques 
II

N29 Scintillators I - Plastics & Other Scintillators
N30 NSS Poster 2
N31 Software for Radiation Protection and Nuclear 

Medicine
N32 HEP & NP Instrumentation VI: Muon Detectors
N33 Trigger and Front End Systems
N34 Solid State Tracking Detectors
N35 Detector Software
N36 HEP & NP Instrumentation VII: Tracking Detectors 

and Neutrino Experiment Devices
N37 Scintillators II - Energy resolution - Radiation 

Damage
N38 Simulation: Physics Models and Validation
N39 Instrumentation for Medical and Biological Research
N40 Scintillators III - Composites - ZnO
N41 HEP & NP Instrumentation VIII: Particle ID Systems
N42 Photodetectors and Radiation Imaging II
N43 Scintillators IV - Lanthanide Scintillators - Light 

Yield - Time Response
N44 Astrophysics and Space Instrumentation II
N45 New Solid State Detectors
N46 HEP Software Systems

N27N27 HEP & NP Instrumentation V: Detector HEP & NP Instrumentation V: Detector 
Commissioning and Engineering AspectsCommissioning and Engineering Aspects

N28N28 Nuclear Measurements and Monitoring Techniques Nuclear Measurements and Monitoring Techniques 
IIII

N29N29 Scintillators I Scintillators I -- Plastics & Other ScintillatorsPlastics & Other Scintillators
N30N30 NSS Poster 2NSS Poster 2
N31N31 Software for Radiation Protection and Nuclear Software for Radiation Protection and Nuclear 

MedicineMedicine
N32N32 HEP & NP Instrumentation VI: Muon DetectorsHEP & NP Instrumentation VI: Muon Detectors
N33N33 Trigger and Front End SystemsTrigger and Front End Systems
N34N34 Solid State Tracking DetectorsSolid State Tracking Detectors
N35N35 Detector SoftwareDetector Software
N36N36 HEP & NP Instrumentation VII: Tracking Detectors HEP & NP Instrumentation VII: Tracking Detectors 

and Neutrino Experiment Devicesand Neutrino Experiment Devices
N37N37 Scintillators II Scintillators II -- Energy resolution Energy resolution -- Radiation Radiation 

DamageDamage
N38N38 Simulation: Physics Models and ValidationSimulation: Physics Models and Validation
N39N39 Instrumentation for Medical and Biological ResearchInstrumentation for Medical and Biological Research
N40N40 Scintillators III Scintillators III -- Composites Composites -- ZnOZnO
N41N41 HEP & NP Instrumentation VIII: Particle ID SystemsHEP & NP Instrumentation VIII: Particle ID Systems
N42N42 PhotodetectorsPhotodetectors and Radiation Imaging IIand Radiation Imaging II
N43N43 Scintillators IV Scintillators IV -- Lanthanide Scintillators Lanthanide Scintillators -- Light Light 

Yield Yield -- Time ResponseTime Response
N44N44 Astrophysics and Space Instrumentation IIAstrophysics and Space Instrumentation II
N45N45 New Solid State DetectorsNew Solid State Detectors
N46N46 HEP Software SystemsHEP Software Systems

Pixel Detectors
LHC Experiments

ILC, SLHC, XFEL Devel.
Calorimetry

New Gas Detectors
Some fancy stuff

Pixel DetectorsPixel Detectors
LHC ExperimentsLHC Experiments

ILC, SLHC, XFEL ILC, SLHC, XFEL DevelDevel..
CalorimetryCalorimetry

New Gas DetectorsNew Gas Detectors
Some fancy stuffSome fancy stuff
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Overall ImpressionsOverall Impressions
Most talks (not all) are very detailed and well prepared Most talks (not all) are very detailed and well prepared 

LHC Experiments, ATLAS and CMS, are close to completionLHC Experiments, ATLAS and CMS, are close to completion
Less “hardware” talks than previous years (obvious reasons)Less “hardware” talks than previous years (obvious reasons)
Talks more in the direction of track simulation, data analysis aTalks more in the direction of track simulation, data analysis and GRIDnd GRID

SLHC developments are starting but very prematureSLHC developments are starting but very premature

ILC is starting up, very nice results were presentedILC is starting up, very nice results were presented
Pixel detectors, TPC developments, diamondsPixel detectors, TPC developments, diamonds

XFEL: one overview talk (XFEL: one overview talk (StruederStrueder, MPI) , MPI) --> H. > H. GraafmaGraafma Oct. 10Oct. 10thth

Astrophysics: similar trends as in HEP detector developmentAstrophysics: similar trends as in HEP detector development
Use of GEMS, Use of GEMS, MicromegasMicromegas, smaller CMOS processes, smaller CMOS processes

Electronics: Electronics: 
noise measurement and technology noise measurement and technology characterisationcharacterisation of 90nm and of 90nm and 
130nm processes were presented130nm processes were presented
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GranGran SassoSasso

2 talks2 talks
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First Results from First Results from GranGran SassoSasso

Neutrinos are massless in the Standard Model
Many experiments on both solar and 
atmospheric neutrinos proved they oscillate 
from one kind (flavor) to another
All these experiments (SuperKamiokande, 
SNO, MACRO, CHOOZ, etc.) observed 
disappearance of one kind of neutrino
CNGS-OPERA is expecting to test for the 
first time the appearance of neutrinos of 
different flavor
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Location of Location of GranGran SassoSasso
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CERN Neutrinos at Gran CERN Neutrinos at Gran SassoSasso (CNGS)(CNGS)
Neutrino beam facility at CERN

Production of pions and kaonsProduction of pions and kaons

energy-selected and guided

decay into muon-neutrinos and muons

SPS
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CNGS CNGS TargetTarget MagazinMagazin

Target unit consists of 13 graphite rods, each 10cm long, 4mm thTarget unit consists of 13 graphite rods, each 10cm long, 4mm thinin
Five units are assembled, one unit is used, four spares Five units are assembled, one unit is used, four spares 
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OPERA OPERA –– thethe targettarget

TauTau--Neutrinos identified through their charged current interactionNeutrinos identified through their charged current interaction
Lead has a high Z and is a good target for interaction.Lead has a high Z and is a good target for interaction.
Desired resolution in Desired resolution in ΔΔmm22 = O(10= O(10--33 eVeV) requires a target mass of 2kt.) requires a target mass of 2kt.--
Brick walls are followed by 5900 mBrick walls are followed by 5900 m22 of scintillator strips, for neutrino of scintillator strips, for neutrino 
interaction trigger and brick localizationinteraction trigger and brick localization
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OPERA OPERA –– thethe spectrometerspectrometer

Each dipole magnetic spectrometer of OPERA consists of 462 RPCs (Resistive 
Plate Chambers)
Total coverage of 3326m2

Spatial resolution ~1cm on single hit
Aim is muon identification and momentum measurement
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ResultsResults fromfrom August 2006 August 2006 runrun

319 on319 on--time events have been recorded and classified on August time events have been recorded and classified on August 
runrun
UltraUltra--high purity is achieved thank to low background environment high purity is achieved thank to low background environment 
and time structure of the beam spillsand time structure of the beam spills
Spectrometers operated with >95% upSpectrometers operated with >95% up--time its first long runtime its first long run

Expected number of tauExpected number of tau--neutrinos: 1neutrinos: 1--2 per year2 per year

Muon distribution on zenith 
angle in data and MC.
Horizontal tracks come 
from beam neutrinos.

See article in current CERN Courier
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LHC ExperimentsLHC Experiments

ATLAS: 34 recordsATLAS: 34 records
CMS: 21 recordsCMS: 21 records
LHCLHC--B: 1B: 1
Alice: 5Alice: 5
LHC general: 19LHC general: 19
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LHC gets ready …LHC gets ready …

CERN press release TODAY:
CERN took delivery of the last superconducting
main magnet for the LHC on 27 November 

CERN press release TODAY:
CERN took delivery of the last superconducting
main magnet for the LHC on 27 November 
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Carbon-carbon support structures: bi-stave (26 modules) half shell Barrel layer

L2 Layer

L1 Layer
B Layer

L2 LayerL2 Layer

L1 LayerL1 Layer
B LayerB Layer

Load bi-staves into half-shells… Clamp half-shells together.

Kendall ReevesKendall Reeves
University of University of WuppertalWuppertal

ATLAS Pixel OverviewATLAS Pixel Overview



First Barrels: L2 and L1First Barrels: L2 and L1
Kendall ReevesKendall Reeves
University of University of WuppertalWuppertal

Production activities for modules and read 
out electronics now complete
Loading of staves and sectors complete
Both end caps, A and C, complete and at 
CERN
Barrel layers L1 and L2 completed at CERN
B-layer expected to be completed by end of 
November
Large scale test, ~10% of detector, under 
preparation at CERN



Tim Christiansen, CERN page 18CMS Magnet Test & Cosmic Challenge IEEE, San Diego, Oct. 29  - Nov. 4, 2006

Preparations: Detector 
Installation

HCAL Insertion
Muon Chambers

2 ECAL Super-Modules

Field Mapper

Tracker 
Insertion



Tim Christiansen, CERN page 19CMS Magnet Test & Cosmic Challenge IEEE, San Diego, Oct. 29  - Nov. 4, 2006

Opening & Closing Procedures
Closing and opening of the 
barrel & endcap yokes

Air pads used to move the 5 barrel & 6 
endcap elements of CMS



Tim Christiansen, CERN page 20CMS Magnet Test & Cosmic Challenge IEEE, San Diego, Oct. 29  - Nov. 4, 2006

Cosmic Challenge Goals
Integration of sub-detectors with central systems

Central DAQ and trigger systems
Synchronization of triggers and readout
Combined data taking and reconstruction 

Long-term stability, exercise of start-up procedures
Detectors, electronics, power supplies in magnetic (fringe) field
Alignment system vs. track alignment

Run 2605
Evt 3981

Plan as of June 2004 Reconstructed muon track in August 2006



Tim Christiansen, CERN page 21CMS Magnet Test & Cosmic Challenge IEEE, San Diego, Oct. 29  - Nov. 4, 2006

B=0T

B
=3

.8
T

Noise and pedestal 
values ~ 
unchanged
in magnetic 
field.

“Tracker”

Prelim
inary

Some Preliminary Results ... 

Prelim
inary

“Tracker”

φ
B = 0 T

φ
B=3.67 T

(MC for 4 T)

Tracker     B = 0T

Track extrapolation to 
evaluate TIB-TOB 
relative rotation:
<φ> = (63,57 ± 0,27) mrad
Estimate 6k (4.5k) “tracks” 

with field on (off)

Prelim
inary

Prelim
inary

B = 3.67 T (MC for 4 T)

Track pT and φ evaluated at innermost 
muon station are reasonably 
described by the simulation.

pT Preliminary

Many many more 
analyses ongoing, 

covering various aspects 
of detector performance



22

ILC DevelopmentsILC Developments
~14 talks in NSS~14 talks in NSS

6 talks for the TPC6 talks for the TPC
3 talks vertex related3 talks vertex related
1 DHCAL talk1 DHCAL talk
1 1 BeamCALBeamCAL



Page Page 2323Matthias E. Janssen, DESY FLCMatthias E. Janssen, DESY FLC

Resolution Studies: Techniques and ResultsResolution Studies: Techniques and ResultsIEEE 2006: Gaseous DetectorsIEEE 2006: Gaseous Detectors

TPC Prototype and Measurement Setup

800 mm

TPC Prototype● MediTPC: prototype for resolution 
studies with long drift distances in 
high magnetic fields

■ sensitive volume:
666.0 x 49.6 x 52.8 mm3

● triple-GEM amplification structure
● pad layout

■ rectangular pads,
pitch: 2.2 x 6.2 mm2

■ staggered and
non-staggered

■ 24 pads in 8 rows 
● crosstalk in outer rows
● → using inner 6 rows

for analysis in X0:
∑ ≈ 1%

staggerednon staggered

Ø = 270 mm



Page Page 2424Matthias E. Janssen, DESY FLCMatthias E. Janssen, DESY FLC

Resolution Studies: Techniques and ResultsResolution Studies: Techniques and ResultsIEEE 2006: Gaseous DetectorsIEEE 2006: Gaseous Detectors

Results
● resolution of 120 um for

0 drift length reached
■ dependence on drift length is as 

expected and limited by diffusion
■ for lower fields:

good agreement between staggered and 
non staggered data sets

● in high fields there are still some indications 
that pads are too large

■ results for different layouts are not totally 
compatible

● in particular at short drift distances
● resolution can still be optimized to reach the 

goal of 100 μm by
■ reducing the pad size
■ changing of the GEM setup (larger 

defocussing)
■ choice of the gas

measured October 2006
preliminary
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Polycrystalline CVD Diamonds for the BeamPolycrystalline CVD Diamonds for the Beam
Calorimeter of the ILCCalorimeter of the ILC

Interaction 
point

EM calorimeter with 
sandwich structure:

30 layers of 1 X0
o3.5mm W and 0.3mm 
sensor

BeamCal

N18-6 Christian Christian GrahGrah, DESY, DESY

pCVD diamonds are an 
interesting material:

radiation hardness (e.g. LHC 
pixel detectors)
advantageous  properties like: 
high mobility, low εR = 5.7, 
thermal conductivity
availability on wafer scale
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Charge Collection Distance vs. Dose

100 nA (E6_4p) 100 nA (FAP5)

Silicon starts to degrade at 30 kGy.
High leakage currents.
Not recoverable.

CCD = Qmeas/Qinduced x thickness
Bias voltage = 400V ≈> 1 V/μm

After absorbing 7MGy: 

CVD diamonds still operational!

N18-6 Christian Christian GrahGrah, DESY, DESY

CVD diamond irradiated at the injector of the
S-Dalinac in Darmstadt (10MeV e-)
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EUDET Telescope (JRA1)EUDET Telescope (JRA1)

Box 1Box 1

DUTDUT

ee--

Box 2Box 2

xx

yy

zz

Provide Provide testbeamtestbeam telescope with:telescope with:
Very high precision: <3 Very high precision: <3 μmμm precision even at lower energiesprecision even at lower energies
High readout speed (frame rate >1kHz)High readout speed (frame rate >1kHz)
Easy to use: well defined/described interfaceEasy to use: well defined/described interface
Large range of conditions: cooling, positioning, magnetic fieldLarge range of conditions: cooling, positioning, magnetic field

Demonstrator: middle of 2007Demonstrator: middle of 2007
MimoMimo*3 prototype developed for STAR microvertex *3 prototype developed for STAR microvertex 
upgrade (MAPS) with upgrade (MAPS) with analoganalog readoutreadout
AMS 0.35 OPTO process with 12 AMS 0.35 OPTO process with 12 μmμm epitaxialepitaxial layerlayer
30 × 30 μm30 × 30 μm22 pitch: active area: 7.7 × 7.7 mmpitch: active area: 7.7 × 7.7 mm22

Final Telescope: end of 2008Final Telescope: end of 2008
Dedicated chip under developmentDedicated chip under development
fast column parallel architecture with fast column parallel architecture with 
integrated CDS and discrimination integrated CDS and discrimination 
active area: 2active area: 2--4 cm4 cm22, 25 × 25 μm, 25 × 25 μm22 pitchpitch

DAQ hardware almost ready for integration at DESYDAQ hardware almost ready for integration at DESY
preparation of sensor tests under waypreparation of sensor tests under way

IngridIngrid--Maria Gregor, DESYMaria Gregor, DESYN15-4
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New Pixel DetectorsNew Pixel Detectors

Search on “pixel” in paper abstracts: >100 records

… pick the raisins 
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Why “New” Pixel TechnologiesWhy “New” Pixel Technologies

One option: monolithic active pixel (MAPS)One option: monolithic active pixel (MAPS)

““Classic” Pixel Detector Classic” Pixel Detector --> Hybrid> Hybrid
Sensor and electronics are Sensor and electronics are 
processed separatelyprocessed separately
Bump bonding connected themBump bonding connected them
DELPHI, ATLAS, CMS, ….DELPHI, ATLAS, CMS, ….

For future experiments this concept For future experiments this concept 
difficult as too large Xdifficult as too large X00

FE FE
Sensor

Interconnect
„ATLAS Flex“
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CMOS (Monolithic) Active Pixel CMOS (Monolithic) Active Pixel -- MAPSMAPS

Main R&D Directions:Main R&D Directions:
High readHigh read--out speed, low noise, low power dissipation, integrated signal out speed, low noise, low power dissipation, integrated signal 
processing architectureprocessing architecture
Optimal fabrication process, Thinning procedures, Radiation toleOptimal fabrication process, Thinning procedures, Radiation tolerancerance

Specific advantages of CMOS sensors:Specific advantages of CMOS sensors:
Signal processing Signal processing μcircuitsμcircuits integrated on integrated on 
sensor substrate (systemsensor substrate (system--onon--chip)chip)
Sensitive volume ( Sensitive volume ( epitaxialepitaxial layer) is ~10 layer) is ~10 μmμm
thick thick 
Standard, massive production, fabrication Standard, massive production, fabrication 
technologytechnology

pp--type lowtype low--resistivityresistivity SiSi hosting nhosting n--type type 
”charge collectors””charge collectors”

signal created in signal created in epitaxialepitaxial layer layer 
charge sensing through charge sensing through nn--well/pwell/p--epiepi
junctionjunction
excess carriers propagate (thermally) to excess carriers propagate (thermally) to 
diodediode
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The use of epi layer (or low-ohmic substrate) as 
sensor

- Charge collection mainly through diffusion
- very low sensor capacitance

Only NMOS transistors in the pixel

The use of The use of epiepi layer (or lowlayer (or low--ohmicohmic substrate) as substrate) as 
sensorsensor

-- Charge collection mainly through diffusionCharge collection mainly through diffusion
-- very low sensor capacitancevery low sensor capacitance

Only NMOS transistors in the pixelOnly NMOS transistors in the pixel

On the “Market” (presented at NSS)On the “Market” (presented at NSS)
Mimosa family (Mimosa family (MimoStarMimoStar) (Strasbourg)) (Strasbourg)

Larger arrays (800xLarger arrays (800x800 pixels)800 pixels) with with 
fast column parallel architecture with fast column parallel architecture with 
integrated CDS and discrimination integrated CDS and discrimination 
under way (EUDET telescope)under way (EUDET telescope)
Take advantage of 0.35 Take advantage of 0.35 μμm OPTO m OPTO 
process (AMSprocess (AMS-->Mobile CCD Production) >Mobile CCD Production) 
to get reasonable large signalto get reasonable large signal Epi-layer

Substrate

Amplified signal

N-well

The use of epi layer (or low-ohmic substrate) as sensor 
and deep N-well as collecting electrode

- Charge collection mainly through diffusion
- Higher sensor capacitance

CMOS electronics in pixel…
but PMOS transistors are placed in the separate N-well

The use of The use of epiepi layer (or lowlayer (or low--ohmicohmic substrate) as sensor substrate) as sensor 
and deep Nand deep N--well as collecting electrodewell as collecting electrode

-- Charge collection mainly through diffusionCharge collection mainly through diffusion
-- Higher sensor capacitanceHigher sensor capacitance

CMOS electronics in pixel…CMOS electronics in pixel…
but PMOS transistors are placed in the separate Nbut PMOS transistors are placed in the separate N--wellwell

Epi-layer

Substrate

N-well

ApselApsel family (INFN)family (INFN)
Deep nDeep n--well used as shielding against well used as shielding against 
disturbances from the substratedisturbances from the substrate
The deep nThe deep n--well (DNW) can be used as well (DNW) can be used as 
the collecting electrodethe collecting electrode
Pixel matrix 8x8, 50x50 Pixel matrix 8x8, 50x50 μμmm2 2 pixel size, pixel size, 
analoganalog readoutreadout
Process: ST130 (nm), new prototype in Process: ST130 (nm), new prototype in 
ST90ST90
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On the “Market” (presented at NSS)On the “Market” (presented at NSS)

Epi-layer

Substrate

N-well

SOI Pixel Detector (KEK, others)SOI Pixel Detector (KEK, others)
Silicon on insulator Silicon on insulator 
SOI known to be radiation tolerant SOI known to be radiation tolerant 
and resistant versus SEUand resistant versus SEU
Full depleted SOI CMOS process Full depleted SOI CMOS process 
(0.15mm) (0.15mm) --> enable to use thick, > enable to use thick, 
high high resistivityresistivity SiSi and thin, low and thin, low 
resistivityresistivity SiSi on same processon same process

Allows using high resistive detector substrates and 
operation in fully depleted region
Gives possibility to use both type of transistors in 
readout channels

Allows using high resistive detector substrates and Allows using high resistive detector substrates and 
operation in fully depleted regionoperation in fully depleted region
Gives possibility to use both type of transistors in Gives possibility to use both type of transistors in 
readout channelsreadout channels

Sucima SOI is actually better known to “us”
-> this year not presented at NSS



332006 IEEE NSS - San Diego, October 31 2006

In triple-well CMOS processes a deep N-well is 
used to isolate N-channel MOSFETs from 
substrate noise

Deep 
N-well 
struct
ure

NMOS PMOS

P-
substr
ate

Buried N-
type layer

P-well

Standard 
N-wellP-

epitaxial 
layer

Such features were exploited in the development 
of deep N-well (DNW) MAPS devices

Deep N-well MAPS concept
L. L. RattiRatti/ INFN / INFN PaviaPavia
F. F. FortiForti/ INFN Pisa/ INFN Pisa

N17N17--3/N343/N34--77

Further activities are under way to optimize the 
elementary cell size and geometry, including

simplification of the pixel cell logic

MAPS development in a 90 nm CMOS
technology
physical device simulations

New DNW MAPS structures with optimized 
noise and threshold dispersion characteristics 
have been recently submitted in the 130 nm, 
triple well STM CMOS technology
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Feature of SOI (Silicon-On-Insulator)
Full Dielectric Isolation : 

Latchup Free, Small Area
Low Junction Capacitance : 

High Speed, Low Power
No Well junction, Thin Film :

Low Leakage, Low Vth Shift (~300 ºC) 
Small Active Volume :

High Soft Error Immunity

N34N34--44

p+/n+ Implant and
Contact formation

YasuoYasuo Arai (KEK)Arai (KEK)

Monolithic Pixel Detector in a 0.15um SOI TechnologyMonolithic Pixel Detector in a 0.15um SOI Technology
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Plastic Mask

Laser (670 nm)Vdet = 10 V

Exposure Time = 7 μs

32x32 image view with 670nm Laser 32x32 image view with 670nm Laser 
and plastic maskand plastic mask

Laser ImageLaser Image
YasuoYasuo Arai (KEK)Arai (KEK)

N34N34--44



36

CCD CCD forfor ILCILC

This time it means “charge coupled device”
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Pixel Sensors for Medical ApplicationsPixel Sensors for Medical Applications
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A CMOS Active Pixel Sensor and Microelectrode arrayA CMOS Active Pixel Sensor and Microelectrode array
for Retinal Stimulationfor Retinal Stimulation

K. K. MathiesonMathieson, Glasgow, Glasgow

10x10 pixel matrix10x10 pixel matrix
pixel pitch 100pixel pitch 100μμmm
Each pixel containsEach pixel contains

PhotodiodePhotodiode
Voltage controlled oscillator Voltage controlled oscillator 
(VCO)(VCO)
BiBi--phasicphasic output driveroutput driver

Creates signals capable of Creates signals capable of 
stimulating retinal ganglion stimulating retinal ganglion 
cells.cells.

Retinal experiments undertaken Retinal experiments undertaken in situ.in situ.
Successful retinal recordings from very Successful retinal recordings from very 
small ganglionssmall ganglions
Voltage threshold of 400mV needed to Voltage threshold of 400mV needed to 
elicit response from elicit response from RGCsRGCs
…..…..

Many issues still to be dealt withMany issues still to be dealt with
Biocompatibility, power requirements, safe Biocompatibility, power requirements, safe 
operating limitsoperating limits
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A Novel Active Pixel Sensor with onA Novel Active Pixel Sensor with on--Pixel Pixel AnalogAnalog--toto--Digital Digital 
Converter for MammographyConverter for Mammography

C. D. C. D. ArvanitisArvanitis, UCL, UCL
3T APS (3T APS (0.5 um) CMOS 0.5 um) CMOS and Onand On--pixel intelligent CMOS (0.35pixel intelligent CMOS (0.35μμm CMOS)m CMOS)
XX--ray image of a breast phantomray image of a breast phantom
Phantom composition (1 cm breast tissue and 3 cm of PMMA)Phantom composition (1 cm breast tissue and 3 cm of PMMA)
Entrance exposure 282,5 Entrance exposure 282,5 μμC/kg (30 C/kg (30 kVpkVp))

Mo/Mo tube

Breast sample 

X-ray field

PMMA

Breast phantom image         
(13 mm x 13 mm)

Fat

Tumor

3T APS + CsI:Tl

True on pixel x-ray intelligent imaging
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New Gas DetectorsNew Gas Detectors

NSS/MIC:
50 contributions with GEMs, 15 contributions with Micromegas
Workshop: 
Micro-Pattern Gas Detectors: High Energy Physics and Beyond, Maxim Titov
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GEMsGEMs at a Glance at a Glance 
GEM detectors in use or under construction for many experiments:GEM detectors in use or under construction for many experiments:

COMPASSCOMPASS
LHCbLHCb
TOTEMTOTEM
LEGSLEGS
BONUSBONUS
PHENIX HBDPHENIX HBD

Developments in particle physics Developments in particle physics 
GEM TPC for ILCGEM TPC for ILC
High resolution pixel detectors High resolution pixel detectors 
Neutron detectors Neutron detectors 

Applications in other field Applications in other field 
Soft XSoft X--ray ray polarimetrypolarimetry
Medical diagnostics, portal imagingMedical diagnostics, portal imaging

GEMsGEMs now fabricated at several places:now fabricated at several places:
CERN, 3M, CERN, 3M, TechEtchTechEtch, , SciEnergySciEnergy
(Fabio: CERN is the best)(Fabio: CERN is the best)

TOTEM

Cylindrical GEM (CERN devel.)
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MicromegasMicromegas at a glance at a glance 
MicromegasMicromegas also to be found at many experiments:also to be found at many experiments:

COMPASSCOMPASS
NA48NA48
AxionsAxions: CAST experiment: CAST experiment
Neutrinos: spherical TPCNeutrinos: spherical TPC

Medical applicationMedical application
Neutron tomographyNeutron tomography

Spherical TPC Ultrathin
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GEM and GEM and MicromegasMicromegas
Gas Electron Multiplier (GEM): two Gas Electron Multiplier (GEM): two 
copper perforated foils separated copper perforated foils separated 
by an insulator. The multiplication by an insulator. The multiplication 
takes place in the holes. Usually takes place in the holes. Usually 
used in 3 stages, even 4. used in 3 stages, even 4. 
Introduced by Fabio Introduced by Fabio SauliSauli (1996)(1996)

MicromegasMicromegas : a micromesh : a micromesh 
sustained by 50sustained by 50--100 100 μmμm --high high 
insulating pillars. The multiplication insulating pillars. The multiplication 
takes place between the anode and takes place between the anode and 
the mesh. One stage.the mesh. One stage.
Introduced in 1996Introduced in 1996

Readout: Readout: 
Pad readout (as FLC group) with following charge sensitive ampliPad readout (as FLC group) with following charge sensitive amplifier fier 
FET readout: using separate FET array as switch for each pad andFET readout: using separate FET array as switch for each pad and read read 
out signal columnout signal column--byby--column (Chinese development)column (Chinese development)
Pixel readout (future)Pixel readout (future)
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Pixel Readout of MicroPixel Readout of Micro--Pattern Gas Pattern Gas 
Detectors Detectors 

Pro:Pro:
no radiation damage in sensor: gas is exchangedno radiation damage in sensor: gas is exchanged
modest pixel (analog) input circuitry: low power, little spacemodest pixel (analog) input circuitry: low power, little space
no bias current: simple input circuitno bias current: simple input circuit
CMOS pixel chip main task: data storage & communication (CMOS pixel chip main task: data storage & communication (radrad hard)hard)
(12”) CMOS wafer (12”) CMOS wafer Wafer Post ProcessingWafer Post Processing

no bump bondingno bump bonding
operates at room temperature (but other temperatures are OK)operates at room temperature (but other temperatures are OK)
less sensitive for neutron and Xless sensitive for neutron and X--ray backgroundray background
3D track info 3D track info per layer per layer if drift time is measuredif drift time is measured

Con:Con:
Gaseous chamber: discharges (sparks): destroy CMOS chipGaseous chamber: discharges (sparks): destroy CMOS chip
gasgas--filled proportional chamber: filled proportional chamber: ‘‘chamber ageingchamber ageing’’
Needs gas flowNeeds gas flow

At least 5 different talks covering this topic
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e-

σσpositionposition

σσclustersizeclustersize
6mm

2mm (1mm)

2mm (1mm)

1mm

Potentials and 
fields:

ED= 1.1 kV/cm

ΔVGEM= 404 V 

ET = 3.2 kV/cm

EI = 4.2 kV/cm

MediPix2

MP5-7 Andreas Bamberger, Andreas Bamberger, FreiburgFreiburg

TripleTriple GEM Setup GEM Setup withwith Medipix2 ReadoutMedipix2 Readout

Naked  Medipix2 used, no bump bonded Naked  Medipix2 used, no bump bonded SiSi
converterconverter
Pixel size 55µm,  256x256 MatrixPixel size 55µm,  256x256 Matrix
dimensions of the sensitive areasensitive area: 
1,4x1,4cm1,4x1,4cm22

Charge 
collecting
pad

with the two thresholds of the MediPix2 
chip a charge determination is feasible

One Example
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TripleTriple GEM Setup GEM Setup withwith Medipix2 ReadoutMedipix2 Readout

excellent “point” resolution  of  σ0~30 - 40 μm achieved by digital readout,  better 
than common TPC readout schemes
the TimePix is  ready to be examined by the same setup
it will provide higher flexibility because of the “time over threshold” feature

DESY DESY TestbeamTestbeam

Tracks are almost perfectly straight. 
Contribution of multiple scattering is multiple scattering is 
smallsmall.
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ElectronicsElectronics

>100 presentations were focusing on electronics 
3 sessions dedicated to Analog and Digital Circuits
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New New MicroelectronicMicroelectronic ProcessesProcesses
Use of CMOS processes in the last two Use of CMOS processes in the last two 
decadesdecades

deep impact on HEP instrumentationdeep impact on HEP instrumentation

Quarter micron technology able to comply Quarter micron technology able to comply 
with the challenging design requirements of with the challenging design requirements of 
the LHC experiments in terms of the LHC experiments in terms of 

noise figure noise figure 
power dissipation power dissipation 
radiation toleranceradiation tolerance

Luminosity and track densities expected at Luminosity and track densities expected at 
the next generation the next generation colliderscolliders set the demand set the demand 
forfor

increased spatial resolutionincreased spatial resolution
denser functional packingdenser functional packing
higher radiation hardnesshigher radiation hardness
better noise/power tradebetter noise/power trade--offoff

HEP moving to more scaled CMOS processes HEP moving to more scaled CMOS processes 
technology technology 

fight process obsolescencefight process obsolescence
study scaling down effects on the main study scaling down effects on the main 
design parametersdesign parameters
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N13N13--11
M. M. ManghisoniManghisoni/INFN/INFN
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Something REALLY fancySomething REALLY fancy
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The NanoChanT projectThe NanoChanT project
Aim:Aim:

use presently use presently available nanotechnologiesavailable nanotechnologies to build a position detector to build a position detector 
for ionizing particlesfor ionizing particles

try to achieve a resolution of the order of try to achieve a resolution of the order of 100 nm100 nm ( one order of ( one order of 
magnitude better than what is achievable now with Si detectors)magnitude better than what is achievable now with Si detectors)

How:How:
two basic ingredients:two basic ingredients:

nanochannelsnanochannels, that  are obtained from controlled anodization of Aluminum , that  are obtained from controlled anodization of Aluminum 
(Alumina, Al(Alumina, Al22OO33) and that have a highly regular honeycomb) and that have a highly regular honeycomb--like geometry like geometry 
(from here the name (from here the name NanoChanTNanoChanT that stands for “that stands for “NanoNano ChanChannel nel 
TTemplate”)emplate”)

nanowiresnanowires made of Titanium Dioxide (TiOmade of Titanium Dioxide (TiO22,  an intrinsically n,  an intrinsically n--type type 
semiconductor) that are grown inside the nanochannelssemiconductor) that are grown inside the nanochannels
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The detector principle The detector principle 
Alumina layer is  ~Alumina layer is  ~ 15 15 μμm thick m thick 

it is an insulator and mechanically rigidit is an insulator and mechanically rigid

TiOTiO22 nanowires fill the nanochannelsnanowires fill the nanochannels
after doping, each wire form a pafter doping, each wire form a p--n n 
junction (reversed biased)junction (reversed biased)
ionizing particles produce eionizing particles produce e--h pairs that h pairs that 
are collected to produce a signalare collected to produce a signal

Advantages:Advantages:
reduced charged diffusion (layer is thin reduced charged diffusion (layer is thin 
and the charge is confined inside the and the charge is confined inside the 
wire)wire)

To read the charge:To read the charge:
use CMOS technology with pixels that use CMOS technology with pixels that 
collect the signal by group of collect the signal by group of nanowiresnanowires
..but ready for future scale reductions  ..but ready for future scale reductions  

Basic idea

In order to dimension the geometry we
need to simulate the energy deposited
in the wires by a traversing particle !
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The alumina templateThe alumina template

Alumina template:

diameter (20-200 nm) 
and 

pitch (40-500 nm)

of the channels can be 
determined by the 

anodization condition
(acid, temperature, 

voltage, time..)

top view zoomside view

200 nm

1 μm
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SummarySummary

Many thanks to all speakers who 
made their talks available!!
Many thanks to all speakers who 
made their talks available!!
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Backup Slides Backup Slides 

Probably not needed ;-)
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3D3D--PixelsPixels
(Parker(Parker--Detectors)Detectors)

Sherwood Parker showed 75 slides in 20 minutes
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3D3D--VariantsVariants
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BUT: BUT: 
pillarspillars areare deaddead volumevolume
capacitancecapacitance *60*60
RC RC becausebecause of of pillarpillar RR
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