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Some Statistics

NSS/MIC 2006: San Diego California Town&Country Resort

» 2 Conferences with two days overlap

» + 6 workshops
» + 7 short courses

» + RTSD (Room Temperature Semiconductor Detectors)
NSS: 264 talks (mostly parallel), 282 poster

MIC: 96 talks, 462 poster
RTSD: 75 talks, 39 poster
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» Workshops:

Third Workshop on the Nuclear Radiology of Breast Cancer
Micro-Pattern Gas Detectors: High Energy Physics and Beyond
Compton Scatter Imaging for Medicine, Astronomy and Industry
Innovative Techniques for Hadron Therapy

Bi-modality PET and MRI Workshop

GATE Workshop

» Short Courses:

Interaction of Radiation with Matter: Theory and Practice
Nuclear Science for Homeland Security

Integrated Circuit Front Ends for Nuclear Pulse Processing
Molecular Biology for Imaging Scientists

Detectors for PET and SPECT

Small Animal Imaging: Detectors and Technical Aspects
Image Quality
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More Statistics

1572 attendees
About 50% for NSS Eastern Europe
~500 in plenary session S

50-100 per parallel session

Switzerland

Canada

South Korea

52% Americans
30% Europeans
12% Asia

United States

“*4

Genral recepfion at pool: 1000 people
(nobody fell into the pool)



Scientific Programme (NSS only)

NO1 NSS Plenary

NO2 Computing in HEP Experiments

NO3 Detectors and El
NO4 Gas Detectors I
NO5 Photodetectors 3
NO6 Instrumentation
NO7 Core Software T
NO8 Data Acquisition
NO9 Radiation Damad
N10 HEP & NP Instru
N11 Neutron Imagind
N12 Nuclear Measure
N13 Analog and Digit
N14 NSS Poster 1
N15 HEP & NP Instru
N16 Gas Detectors II
N17 Analog and Digit

N18 HEP & NP Instru
Detectors

N19 Synchrotron Rad
N20 Data Acquisition
N21 Astrophysics and
N22 Software for Rad
N23 HEP & NP Instru
N24 Gas Detectors 11
N25 Analog and Digit]
N26 Data Analysis an

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

N28 Nuclear Measurements and Monitoring Technique
IT

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 IIT - 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

Pixel Detectors
LHC Experiments
ILC, SLHC, XFEL Devel.
Calorimetry
New Gas Detectors
Some fancy stuff
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Overall Impressions

Most talks (not all) are very detailed and well prepared

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

SLHC developments are starting but very premature

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

XFEL: one overview talk (Strueder, MPI) -> H. Graafma Oct. 10t

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

Electronics:

» hoise measurement and technology characterisation of 90nm and
130nm processes were presented



Gran Sasso

2 talks



First Results from Gran Sasso

Enrico Carrara on behalf of the OPERA collaboration § IEEE 2006 § N36-5 § Nov 2 2006

The Spectrometers of the

CERN Neutrinos to Gran Sasso,
CNGS:

Commissioning
and
First Operation

OPERA experiment

Edda Gschwendtner
CERN
on behalfl of the CNGS project and commissioning teams

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




Location of Gran Sasso
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CERN Neutrinos at Gran Sasso (CNGS)

Neutrino beam facility at CERN

800m e 100m e 1000m e 26m . 67m
| Helium bags i Decay tube  Hadron stop: Muon detectors
’ . N y oy L\
Talrget /' Reflector ‘Wﬁ,_,:,_aﬁaa/;‘ TEfK-dECé%/ % @Z/g sy
I . ¥ / 7 b
SPS =g~ — 2 Pion/Kaon p) Muorh mi7/2N|
Proto ‘ eutri ,f% 71
beam N 7 71
TIIIIIIITIITY UL eairiiiciricccrs AL Lt

VaCuuir
Production of pions and kaons

energy-selected and guided
decay into muon-neutrinos and muons

P + C - (interactions) — T, K> (decay in flight) — l.l+ + VH



CNGS Target Magazin

» Target unit consists of 13 graphite rods, each 10cm long, 4mm thin
» Five units are assembled, one unit is used, four spares

10
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OPERA - the target

Tau-Neutrinos identified through their charged current interaction
Lead has a high Z and is a good target for interaction.
Desired resolution in Am2 = O(10-3 eV) requires a target mass of 2kt.-

Brick walls are followed by 5900 m? of scintillator strips, for neutrino
interaction trigger and brick localization

11
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OPERA - the spectrometer

i b ol 19 Fe 7S
Mriekdeector builfin the GdiiSasso  slabs L
: . H0.0m of rock in total 4O
diles, eacH"¥f them
fi Fe RPC
i) (Bem)
I

Each dipole magnetic spectrometer of OPERA consists of 462 RPCs (Resistive
Plate Chambers)

Total coverage of 3326m?
Spatial resolution ~1cm on single hit
Aim is muon identification and momentum measurement

12



Results from August 2006 run

events

== = (3.4 + 0.3)
ol = 27,722

>  Muon distribution on zenith
angle in data and MC.

»  Horizontal tracks come
from beam neutrinos.

l l I i
80
vertical angle (degrees)

» 319 on-time events have been recorded and classified on August

run

» Ultra-high purity is achieved thank to low background environment

and time structure of the beam spills

»  Spectrometers operated with >95% up-time its first long run

»  Expected number of tau-neutrinos: 1-2 per year

See article in current CERN Courier



LHC Experiments

ATLAS: 34 records
CMS: 21 records
LHC-B: 1

Alice: 5

LHC general: 19

14



LHC gets ready ...

Wan- 7 oSS/
CERN press release TODAY:

1

e LHC on 27 November

£

#‘ main magnet for th

i

\ CERN took delivery of the last superconducting
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ATLAS Pixel Overview

Carbon-carbon support structures: bi-stave (26 modules) - half shell > Barrel layer
-. ‘ A ‘m :’ll.l

Load bi-stayes into half—shells.;.

BN FL A2 )

Kendall Reeves
University of Wuppertal 16



Kendall Reeves

University of Wuppertal ~ F|rst Barrels: L2 and L1

» 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
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Opening & Closmg 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 CMS Magnet Test & Cosmic Challenge IEEE, San Diego, Oct. 29 - Nov. 4, 2006 page 19 l



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

Lo,

(]
% ' .
L o
7 8 §
l/ o {‘-?Hr!_ f £
|2/ B 7
—= | \
e \
Ay v W
\ ~
3
TS
R

Reconstructed muon track in August 2006

Tim Christiansen, CERN CMS Magnet Test & Cosmic Challenge IEEE, San Diego, Oct. 29 - Nov. 4, 2006 page 20 '4—_ \;”j},\




Some Preliminary Res|
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ILC Developments

~14 talks in NSS
6 talks for the TPC
3 talks vertex related
1 DHCAL talk
1 BeamCAL

22



IEEE 2006: Gaseous Detectors Btudies: Techniques and Results H

LY
TPC Prototype and I\/Ieasurement Setup

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

« Sensitive volume:
666.0 x 49.6 x 52.8 mm?3

triple-GEM amplification structure

pad layout :
n reCtanQUIar pads, :||:||:||: Nomex Honeycomb Ground Plane
. . 2 Structure /
pitch: 2.2 X 6.2 mm .
Saatalatiatalalalalalaliats
= staggered and DDD Ul ol e
— Field Cage Stri Insulator
non-staggered D ST e Kapton, Mylan)
» 24 pads in 8 rows non staggered staggered

. crosstalk in outer rows

. — using inner 6 rows "
' in Xo:

for analysis Epoxy Resin
> = 1%

0.36%

os
..u
N

ESY

*/ Matthias E. Janssen, DESY FLC Page 23
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IEEE 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 um by

« reducing the pad size

« changing of the GEM setup (larger
defocussing)

choice of the gas

%/ Matthias E. Janssen, DESY FLC

tudies: Techniques and Results H
= 0.5
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,'lp Polycrystalline CVD Diamonds for the Beam
o Calorimeter of the ILC

YOKEendcap |

> EM calorimeter with
e sandwich structure:
Interaction o — L * 30 layers of 1 Xo
point ® e _ — e 03.5mm W and 0.3mm
sensor

» pCVD diamonds are an
interesting material:

<+ radiation hardness (e.qg. LHC
pixel detectors)

<+ advantageous properties like:
high mobility, low €5 = 5.7,
thermal conductivity

<+ availability on wafer scale

N18-6 Christian Grah, DESY 25
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CCD = Qmeqs/Qinduced X ThICkHZSS
Bias voltage = 400V => 1 V/pm

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

After absorbing 7MGy:

CVD diamonds still operational!

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

Charge Collection Distance vs. Dose

Si 1505 2 CCD vs dose at 50V
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EUDET Telescope (JRA1)

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

Demonstrator: middle of 2007

» Mimo*3 prototype developed for STAR microvertex
upgrade (MAPS) with analog readout

> AMS 0.35 OPTO process with 12 pm epitaxial layer Box1 ~ Box2

» 30 x 30 ym? pitch: active area: 7.7 x 7.7 mm?2 A

Final Telescope: end of 2008 e '

» Dedicated chip under development .

» fast column parallel architecture with ~ =
integrated CDS and discrimination »j—»z DUT

» active area: 2-4 cm?, 25 x 25 um? pitch

» DAQ hardware almost ready for integration at DESY

» preparation of sensor tests under way
N15-4 Ingrid-Maria Gregor, DESY

27



New Pixel Detectors

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

... pick the raisins

28



Why “New” Pixel Technologies

,ATLAS Flex" » “Classic” Pixel Detector -> Hybrid
Interconnect » Sensor and electronics are

: processed separately
oxoxoxoxoxoxoxqo 5> Coooooooogoo | > Bund ROl
» DELPHI, ATLAS, CMS, ....

» For future experiments this concept
difficult as too large X,

» One option: monolithic active pixel (MAPS)

29



CMOS (Monolithic) Active Pixel - MAPS

» p-type low-resistivity Si hosting n-type
“charge collectors”
» signal created in epitaxial layer

» charge sensing through n-well/p-epi
junction

» excess carriers propagate (thermally) to
diode

Dieleciric
for
insulation

Metal layers

and

Polvsilicon passivation

Charged particies

100% efficiency.

Poteniial barriers

» Specific advantages of CMOS sensors:

» Signal processing pcircuits integrated on
sensor substrate (system-on-chip)

» Sensitive volume ( epitaxial layer) is ~10 um
thick

» Standard, massive production, fabrication
technology

» Main R&D Directions:

» High read-out speed, low noise, low power dissipation, integrated signal
processing architecture

» Optimal fabrication process, Thinning procedures, Radiation tolerance
30



On the "Market” (presented at NSS)

» Mimosa family (MimoStar) (Strasbourg)

» Larger arrays (800x800 pixels) with
fast column parallel architecture with
integrated CDS and discrimination
under way (EUDET telescope)

» Take advantage of 0.35 um OPTO
process (AMS->Mobile CCD Production)
to get reasonable large signal

» Apsel family (INFN)

>

>

Deep n-well used as shielding against
disturbances from the substrate

The deep n-well (DNW) can be used as
the collecting electrode

Pixel matrix 8x8, 50x50 um? pixel size,
analog readout

Process: ST130 (nm), new prototype in
ST90

The use of epi layer (or low-ohmic substrate) as
sensor
- Charge collection mainly through diffusion
- very low sensor capacitance
Only NMQOS transistors in the pixel

%@1

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

Amplified signal

N-well

Epi-layer

Substrate

N-well >
Epi-Tayer »

Substrate >

31



On the "Market” (presented at NSS)

» SOI Pixel Detector (KEK, others)
» Silicon on insulator

» SOI known to be radiation tolerant
and resistant versus SEU

» Full depleted SOI CMQOS process

(0 15mm) = enéble to use thick, Allows using high resistive detector substrates and
high resistivity Si and thin, low operation in fully depleted region

resistivity Si on same process Gives possibility to use both type of transistors in
readout channels

ol |

Epi-layer

Substrate //_
—_

32

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




L. Ratti/ INFN Pavia
F.FortifINFN Fisa - Deep N-well MAPS concept

Sl R - %OS « l In triple-well CMOS processes a deep N-well is
2 . } ~ used to isolate N-channel MOSFETs from

% /7 > substrate noise

Deep

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

New DNW MAPS structures with optimized
noise and threshold dispersion characteristics
have been recently submitted in the 130 nm,
triple well STM CMOS technology

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

I simplification of the pixel cell logic

§. MAPS development in a 90 nm CMOS
technology

B physical device simulations

N17-3/N34-7 5 1E S - Diec 31 2006 33




Monolithic Pixel Detector in a 0.15um SOI Technology

Feature of SOI (Silicon-On-Insulator)

o Full Dielectric Isolation :

Latchup Free, Small Area
o Low Junction Capacitance :
High Speed, Low Power
o No Well junction, Thin Film :
Low Leakage, Low Vth Shift (~300 °C)

« Small Active Volume :

High Soft Error Immunity

Yasuo Arai (KEK)
N34-4

Guard Ring Bias Ring VSS Ring \
(float) (OV) . (0V)
Si(~40nm NMOS
HV Ring LS _ |
Buried Oxide(200nm) [
Ly Ly L Y
w=5N% w=5 w=5 w=1
70u Oum
[ 330um ~600um

-4 gl

p+/n+ Implant and
Contact formation

High Resistive substrate (n

Al(200nm)

(This figure is not to scale)
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Yasuo Arai (KEK)

Laser Image

32x32 image view with 670nm Laser
and plastic mask

Raw-Pedestal

F oy

0 2 10 19 20 29 30
Column

N34-4
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CCD for ILC

This time it means “charge coupled device”

36



Column Parallel CCDs

Classic CCD CPCCD

Flrv|r|y|rY|v|T|Y

iyt o L

X X ittt
m Despite parallel processing. readout
frequency of 50 MHz needed.

m Implies drive current = V/ ¥, ~ 20 A.

m Voltagedrop20 A x 0.1 Q=2V,
m L of ] mm bond wire ~ 1 nH.
corresponds to 0.3 Q at 50 MHz.

m  Must bump bond driver IC to CCD.

m Further. every column requires
amplifier. ADC. cluster finding...

m Bump bond custom readout chip to
CCD CPCCD

Diriver cincuis)
storage capacitors

Diriver powarn’
clock

Sliding joint PowarLWDS

37



Next generation CPCCDs: CPC2

m Wafers with CPC2 chips of various m Single/double level metal (latter recently
s1Zes: delivered) on 100 Q2 cm (25 um epi) and
e TR 1.5 kQ cm (50 um ep1) silicon.
Freq. 1 MHz. temp. — 40C.
' — CHZ
10000 - Gauss fit
] 55Fe peak = 143 ADL
She = 5.75.ADU
] CCD noise = 65 e-
iEﬂD—E
g CPC2-70, 10.5 X 1.7 cm? § oo
= | -
_ : CPC2-40, 5.3 X 1.7 cm? - ”
e 10, 15 1.7 cm? s I
i A8 ot ok o e il 4:.. ADC channel

m Studies of fast (double metal) CPC2 to
follow.

38



In-Situ Storage Image Sensor

m Alternative to fast readout, store
signal m pixel during bunch tram.

Resel transistor| Source follower | Row select

: | transistor
reset gate | i
transter  Storage storage OVPUt Vi I
hotogate  gate ixel #1 ixol #20 9% sense node (n+) ’_$_| HEN
# P DEE.__..‘ To column load
- r . a2 15y e o] L
’// \k reflected charge
Charge collection
reflected charge
High resistivity epitaxial layer (p)
|
substrate (pr) (€ Damerell)

m Drive at 20 kHz during bunch train.

m | MHz column parallel readout
between bunch trains.

m Charge to voltage conversion when
least aftected by EML

m ISISI, “proof of principle”
device built by e2v.

m 0 x 16 array of ISIS cells, each
with 5-pixel buried channel
CCD storage register.

m Cell pitch 40 x 160 um?, no
edge logic.

m  Chipsize 6.5 x 6.5 mm?.

39



Pixel Sensors for Medical Applications

40



A CMOS Active Pixel Sensor and Microelectrode array
for Retinal Stimulation

K. Mathieson, Glasgow

YV V VYV

I
}
!
t
|
|

— SRERRAEE

Monolithic active pixel sensor

Retinal surface

10x10 pixel matrix
pixel pitch 100um

» Retinal experiments undertaken in situ.
» Successful retinal recordings from very

Each pixel contains small ganglions

» Photodiode » Voltage threshold of 400mV needed to

» Voltage controlled oscillator elicit response from RGCs

(VCO) >,

» Bi-phasic output driver » Many issues still to be dealt with
Creates signals capable of » Biocompatibility, power requirements, safe
stimulating retinal ganglion operating limits
cells.

41



A Novel Active Pixel Sensor with on-Pixel Analog-to-Digital
Converter for Mammography

. D. Arvanitis, UCL
3T APS (0.5 um) CMOS and On-pixel intelligent CMOS (0.35um CMQS)
X-ray image of a breast phantom

Phantom composition (1 cm breast tissue and 3 cm of PMMA)
Entrance exposure 282,5 uC/kg (30 kVp)

YV V V V0D

Breast sample PMMA 3T APS + Csl:Tl

Mo/Mo tube \

/ | X-ray field

Breast phantom image

(13 mm x 13 mm)
True on pixel x-ray intelligent imaging

42



New Gas Detectors

NSS/MIC:
50 contributions with GEMs, 15 contributions with Micromegas

Workshop:
Micro-Pattern Gas Detectors: High Energy Physics and Beyond, Maxim Titov

43



GEMs at a Glance

GEM detectors in use or under construction for many experiments:

> COMPASS e _
» LHCb "’"’
» TOTEM 2R e e e
> LEGS

> BONUS

» PHENIX HBD -
Developments in particle physics |
» GEM TPC for ILC |
» High resolution pixel detectors
» Neutron detectors
Applications in other field
» Soft X-ray polarimetry
» Medical diagnostics, portal imaging
GEMs now fabricated at several places:
» CERN, 3M, TechEtch, SciEnergy
» (Fabio: CERN is the best)

lr

Cylindrical GEM (CERN devel.)
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Micromegas at a glance

» Micromegas also to be found at many experiments:
» COMPASS
» NA48
» Axions: CAST experiment
» Neutrinos: spherical TPC

Micromesh

» Medical application
» Neutron tomography

Spherlcal TPC

Ultrathin

45



GEM and Micromegas

» Gas Electron Multiplier (GEM): two » Micromegas : a micromesh

copper perforated foils separated sustained by 50-100 pm -high

by an insulator. The multiplication insulating pillars. The multiplication
takes place in the holes. Usually takes place between the anode and
used in 3 stages, even 4. the mesh. One stage.

» Introduced by Fabio Sauli (1996) > Introduced in 1996

» Readout:
» Pad readout (as FLC group) with following charge sensitive amplifier

» FET readout: using separate FET array as switch for each pad and read
out signal column-by-column (Chinese development)

» Pixel readout (future)

46



Pixel Readout of Micro-Pattern Gas
Detectors

Pro:
» no radiation damage in sensor: gas is exchanged
» modest pixel (analog) input circuitry: low power, little space
» no bias current: simple input circuit
» CMOS pixel chip main task: data storage & communication (rad hard)
> (12") CMOS wafer = Wafer Post Processing
» N0 bump bonding
» operates at room temperature (but other temperatures are OK)
» less sensitive for neutron and X-ray background
» 3D track info per layer if drift time is measured

Con:
» Gaseous chamber: discharges (sparks): destroy CMOS chip

» gas-filled proportional chamber: ‘chamber ageing’
» Needs gas flow

At least 5 different talks covering this topic
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One Example
Triple GEM Setup with Medipix2 Readout

= Naked Medipix2 used, no bump bonded Si

converter
m  Pixel size 55um, 256x256 Matrix
O position s dimensions of the sensitive area:
1,4x1,4cm?

. ]
O clustersize o
6mm
Potentials and ED DRIFT
fields: = .\ | v
Ep= 1.1 kV/cm < ET TRANSFER 2mm (1mm)
_ egysceccasess
AVoem= 404 V ET TRANSFER 2MM (1mm) =
Er=3.2kV/cm duccscnanges 3
! . E INDUCTION LM
E, =4.2kV/cm — 2
READOUTlc—

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

MP5-7 Andreas Bamberger, Freiburg 48



Triple GEM Setup with Medipix2 Readout

H28.09.2006_16-14-35-843_311ms.dat

250 250

200 200

150 150 [

100 [ 100

50

50 100 150 200 250 50 100 150 200 250

Tracks are almost perfectly straight.
Contribution of multiple scattering is
small.

= excellent “point” resolution of o0,~30 - 40 pm 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

MP5-7 Andreas Bamberger, Freiburg 49



Electronics

>100 presentations were focusing on electronics
3 sessions dedicated to Analog and Digital Circuits
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New Microelectronic Processes

Use of CMOS processes in the last two
decades

» deep impact on HEP instrumentation

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

»  noise figure
»  power dissipation
» radiation tolerance

Luminosity and track densities expected at
Fhe next generation colliders set the demand
or

» increased spatial resolution
» denser functional packing

» higher radiation hardness

»  better noise/power trade-off

HEP moving to more scaled CMOS processes
technology

»  fight process obsolescence

»  study scaling down effects on the main
design parameters

HCMOS9 (me=130 nm)
Technology features:

Available geometries
- W = 200, 600, 1000 pm
- L =013-1um

CMOS090 (L. =90 nm)

Technology features:
- Vpp =1V
- tox= 1.6 Nm
- Cox=18 fF/um?

Available geometries
- W = 100, 200, 600, 1000 um
- L =01-0.7um

o1



N13-1

M. Manghisoni/INFN

40_| T T T T T

1/f noise coefficient K;

11

TED | T T T T ! T T T T I T T T T I T T T T I T A
35 NMOS A 130 nm process . ' PMOS J
=% 100 | : a %4
30 & 4 90 nm process ] A
= N ] = 130 NM aa ,‘a
£ o5 ] i AE p e
" . AN |_varing from 0.1to 1 mA 4 il A g}fn; -
20 B - \\\ V_ =06V s = g0 L A Al E Aa ]
k) Y 3 BS . a & A A
= Y A 5 A ] LR L aa, af 90 nm ]
e C & & & . ] = i : } m; s
10 - = abaghe 4 A __---K
E ‘ ] i Lk & :_ Agp--"A i
C 7] i 5 . : L Y a —
5 - ) & & ‘ . 20 =-—--'L"l:'_*“ A 1
O : ! L . I ! 2 z I 2 y - I L 2 x I : L . I : . ; ] D i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 0.05 0 0.05 0.1 0.15 0.2

As-drawn Gate Length [um]

21 NMOS devices

Short channel devices (L<0.5 um in 130 nm technology and L<0.2 um in 90 nm
technology) exhibit a K; coefficient larger than for devices with longer channels

Gate Overdrive Voltage [V]

K; is to a large extent independent of the bias conditions
K¢ is lower in the 90 nm process by about a factor of 2

11 PMOS devices

- K coefficient is bias dependent (dependence is weaker in 90 nm technology)

Oct. 29 — Nov. 4, 2006 — San Diego, California 2006 IEEE Nuclear Science Symposium
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Gate leakage current

Thinner gate oxide = higher leakage current I in 90 nm technology is about 3 order of
magnitude higher than in 130 nm technology

4 . . . . t . + + I + 1 - . - 2
L I B I ! ' : S, - shot noise in the
? b o G gate leakage current
o tox =16 A 3
E 2 2 _
g = SP — 2q IG
> o O
@ 107 - tox =20 A - D
[ —
(] —— T
‘a:'; 1o 2 G I
= O
a 10-5 1{ =" H 2 |
& 130 nm technology = = SP — >
G ot L
; NMOS @ VDS=VBS=G
-[.[}'10 | BN TR S ' T Y | e TSNS | IR PR S SN
0 0.2 0.4 0.6 0.8 1 S

Gate-to-Source Voltage [V]

Shot Noise evaluation in 90 nm process:

in the examined operating region current density = 0.01 A/cm?

W/L = 1000/0.2 @ I,=0.25 mA, V;,c=0.6 V => I. = 0.02uA = S, = 0.08 pA/VHz

Oct. 29 — Nov. 4, 2006 — San Diego, California 2006 IEEE Nuclear Science Symposium
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Low noise charge preamplifier design

13

_| Circuit designers can take advantage of single device characterization to predict

noise behavior of charge sensitive amplifiers

1 ENC was evaluated in the case of a second order, unipolar (RC2-CR) shaping processor

1000 |

Optimum ENC [e- rms]

100

| STM 130 nm

=== PMOS
—- NMOS

Cszo pF

P =025 MW |

10!

10%

Peaking Time [ns]

10°

ENC [e” rms]

10*

_.,
=]
w

—
=]
[+

10

Y

F C_=20 pF
[ PMOS W/L=1000/0.20
| @ 1d=0.25 mA,

arallel
noise
111 |

T LAl ! IIIIIII:
STM 90 nm 1

? S =
1/f noise / ]

channel thermal
noise

10

10°

10° 10*

Peaking time [ns]

| In the explored peaking time and power range, PMOS input device always provides better
noise performances than NMOS (except at t, close to 10 ns)

_ ] Using the 90 nm process may yield quite significant improvement with respect to the

130 nm technology, except at long shaping time

n the nm process at long shaping time Is dominated by noise contribution from
In the 90 tl haping ti ENC is dominated b ' tribution f
gate current

Oct. 29 — Nov. 4, 2006 — San Diego, California

2006 IEEE Nuclear Science Symposium
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Conclusions

Static, signal and noise measurements have been performed on devices
belonging to two different CMOS technology nodes, namely the 130 nm
and 90 nm STM processes

Channel thermal noise equations developed to describe the device
behavior in the considered operating regions provide a reliable model, with
short channel effect playing a minor role in both the considered processes

1/f noise results confirm the behavior detected in previous submicron
processes as far as the dependence on device polarity and bias and gate
geometry is concerned

Extracted noise parameters show that using the 90 nm process may ensure
an improvement in the noise performances in applications where large
signal dynamic range is not needed while miniaturization can be an asset

Gate leakage current can be an issue when longer shaping time is used

Characterization of the 90 nm technology will be completed with radiation
hardness tests (open structure vs enclosed layout, study of possible STI
effects)

Oct. 29 — Nov. 4, 2006 — San Diego, California 2006 IEEE Nuclear Science Symposium
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Something REALLY fancy



The NanoeChan | project

& Aim:
= Use presently to build a position detector
for ionizing particles

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

= How:

= tWo basic ingredients:
O , that are obtained from controlled anodization of Aluminum

(Alumina, Al,O5) and that have a highly regular heneycomb-like geometry
(from here the name NanoChanT that stands for “ nel

emplate”)

>, made of Titanium Dioxide (TiO,, an intrinsically n-type
semiconductor) that are grown inside the nanochannels

o7



e detector principle

& Alumina layeris ~ 15 um thick
= Itis an insulator and mechanically rigid
Basic idea : _ _
& TiO, nanowires fill the nanochannels

= after doping, each wire form a p-n
junction (reversed biased)

= Ionizing particles produce e-h pairs that
are collected to produce a signal

Metal layer

Adesion
layer
el ul el @ Advantages:
Bl Si = reduced charged diffusion (layer is thin
and the charge is confined inside the
wire)

& To read the charge:

= use CMOS technology with pixels that
collect the signal by group of nanowires

¢ ..but ready for future scale reductions
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TThe alumina template

side view

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..)

AccV  Spot Magn  Det WD Exp (| | 1pm
150kV 20 26000k SE 56 1 w67 D
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Backup Slides

Probably not needed ;-)
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3D-Pixels
(Parker-Detectors)

Sherwood Parker showed 75 slides in 20 minutes
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3D-Variants

-Bias

Pixel or strip i

X strip

Y{U) strip

example of the stripixel configuration of a single-

column new 3d detector

oMY,
N

R S

i

kS

",

p* implant

pﬁr:.

—

|10

&= 30-50 um

p* implant

p-type Si

d {200 to 300 pm)

AR
L L
g/ ' Woth

.,
PR

oy E' _ g -
" #—40to S0 pum

I-—au-ﬁn um—rl

Fig. 2. One half of a single cell of a single-column new 3d detector

JMIF'
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n* columns: 10 pm diameter, 240 pym deep (300 ym thickness)

| Y-pixel (p-), implanted ring |

X-pixel (n*), etched holes
- il

'.I._ n__'..J"l.-L.‘..

BUT: |

pillars are dead volume  cm«o
capacitance *60
RC because of pillar R

P8 8 0 0 0 0 4.8 0 888883808 8

RCNCNC SRR O RN RO

HHJUUUGL;'ULMHH .6 % 8 8 8 0

~
o

Fig. 5 Photography of a prototype single-column 3d detector

.‘\'
o

Capacitance (pF)
(@) (0)]
o o
T

~—o |

N

0
o

14
o

o
()

0 ) 10 15 20

Reverse Bias (volts, on p+)
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