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Electronics in experiments

• A lot of electronics in the experiments…

– The performance of electronics often impacts on the detectors

– Analog electronics (V,A,A…) / Digital electronics (bits)
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ATLAS detector in 2008 Higgs event in ATLAS in 2012
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Electronics enabling new detectors : trackers

• Measurement of (charged) 

particle tracks

– millions of pixels (~100 µm )

– binary readout at 40 MHz

– High radiation levels

– Made possible by ASICs

Pixel detector in CMSPixel detector and readout electronics

Tracks in an e+e- collision at ILC



Importance of electronics : calorimeters

• Large dynamic range (104-105)

• High Precision ~1%

– Importance of low noise, uniformity, linearity…

– Importance of calibration
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 = 0.36

9.2 % /E0.3 % 

rms = 0.67 %

faisceau

Energy resolution and uniforimity in ATLAS 

H -> γ γ in CMS calorimeter



Societal applications : PET

PET Ring / Scanner

Clinical PET

(Whole Body PET)

- For humans

- large diameter FOV (>60 cm)

- spatial resolution: few mm

- time resolution  CRT< 400 ps for ToF

- high sensitivity (low dose)  large area

- high total data rate

Preclinical PET

(Animal PET)

- For mice, rats, rabbits (& human brain)

- Small diameter FOV (4-15 cm)

- spatial resolution:  < 1 mm

- time resolution only for coinc. (few ns)

- medium sensitivity

- Depth - of - Interaction desirable to fight

parallax effect

C. de La Taille         Electronics in particle physics  IN2P3 school P. Fischer, Heidelberg University   
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« Microelectronics poles »
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Chipsat

• Motivation :

– Continuous increase of chip 

complexity (SoC, 3D…)

– Minimize interface problems

• Importance of critical mass

– Daily contacts and discussions 

between designers

– Sharing of well proven blocks

– Cross fertilization of different

projects

• Creation of poles with critical mass 

(~10 persons)

– Orsay (OMEGA)

– Clermont-Lyon (MICHRAU)

– Strasbourg (IPHC)
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Examples of chips at IN2P3

• MAPS sensors at IPHC (Strasbourg)

• ROC chips at OMEGA (Orsay)

• Chips at MICHRAU  (Lyon-Clermont)

HARDROC2 SPIROC2MAROC3 SPACIROC SKIROC2MICROROC1

PARISROC2

OMEGAPIX

MIMOSTAR

Chip dimension: ~2 cm²

MIMOSA26
Pixel array: 576x1152

Chip dimension: ~ 3 cm²
MIMOTEL

M18 LUSIPHER

7
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Omega microelectronics lab

Research,

Institute

Education,

School
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OMEGA group

• Mutualized ASIC design team

• 10 research engineers (1 IR0, 2 IR1, 6 IR2, 1CDD), 2 pHD students

• Importance of critical mass for more and more complex circuits

• Cross-fertilization between projects

• Technology transfer via startup WEEROC

CdLT IHEP visit 917 jun 2014



OMEGA ROC chips
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• Use of Silicon Germanium 0.35 µm  BiCMOS technology since 2004

• Readout for MaPMT and SiPM for ILC calorimeters and other applications

• Very high level of integration : System on Chip (SoC)

HARDROC2

SPIROC2

MAROC3

SPACIROC

SKIROC2

MICROROC1

PARISROC2

http://omega.in2p3.fr
Chip detector ch DR (C)

MAROC PMT 64 -2f-50p

SPIROC SiPM 36 +10f-200p

SKIROC Si 64 +0.3f-10p

HARDROC RPC 64 -2f-10p

PARISROC PM 16 -5f-50p

SPACIROC PMT 64 -5f-15p

MICROROC µMegas 64 -0.2f-0.5p

PETIROC SiPM 32 50fC-300pC



MAROC for MAPMT

• Started with OPERA_ROC (2001)
– 32 Channels in BiCMOS 0.8 µm 

– 3000 chips produced in 2002

– Readout OPERA Target tracker in Gran Sasso

• MAROC1 (2004)
– First prototype with 64 channels

– AMS SiGe 0.35 µm (12 mm2, Pw=5 mW/ch)

• MAROC2 (2006)
– 1000 chips produced and bonded on a compact PCB for ATLAS luminometer (ALFA)

• MAROC3 (2009)
– Lower power dissipation

– Wilkinson ADC added

– 1000 chips produced in 2010

• Many applications:  Double-Chooz, Menphyno, medical imaging(Valencia, ISS Roma)…

CdLT IHEP visit 11

7m

OPERA_ROC

MAROC2



MAROC : MultiAnode Read-Out Chip
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• Complete front-end chip for 64 channels 

multi-anode photomultipliers

– 6bit-individual gain correction

– Auto-trigger on 1/3 p.e. at 10 MHz 

– 12 bit charge output

– SiGe 0.35 µm, 12 mm2, Pd = 5 mW/ch

• Bonded on a compact PCB (PMF) for ATLAS 

luminometer (ALFA)

• Also equips Double-Chooz, medical 

imaging…

• 3000 chips produced

17 jun 2014

PMF

Hold signal

PM
64 channels

Photons
Variable 
Gain
Preamp
.

Variable

Slow

Shaper

20-100 ns
Bipolar

Fast Shaper

Unipolar

Fast Shaper

Gain 
correction
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3 discris 
thresholds 
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Multiplexed 
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S&H
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(to FPGA)

Multiplexed 
Digital charge 
output 

64 inputs S&H
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MAROC3 users

2012-2013

Ralf ENGELS Allemagne/Juelich

Vladimir SOLOVOV Portugal/ Coimbra

Scott Lumsden UK/Glasgow

JJ Velthuis UK/Bristol

Piero Giorgio FALLICA/ ST 

micro Italie/ Catania

Vincent TATISCHEFF France/Orsay

Alexander Nadeev Russie

Domenico Lo Pesti Italy/Catania

E.L. Rizzini Suisse/Genève

D. Lo Presti Italie/ Catania

P. Rodrigues Portugal/Lisboa

Stephen Wotton Suisse/Genève

JJ Velthuis UK/Bristol 

Riccardo Faccini Italie/Roma

Patrizia Rossi Italie/Frascati

Sima Cristina Roumanie/Magurele

Patrizia Rossi Italie/Frascati

D.Cussans/P.Baesso UK/Bristol

Paolo Baesso UK/Bristol
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Alain Blondel Suisse/Genève

Pedro Rodriguez Portugal / Lisboa

William Brooks Chili / Valparaiso

Stephane Colonges France / Paris

Evandro Lodi Rizzini Suisse / Genève

Günter Kemmerling Allemagne/Juelich

Thomas Schweizer Allemagne/Munich

Jason Legere USA / Durham

Evandro Lodi Rizzini Suisse / Genève

Ronan Oger France / Paris

Erik Vallazza Suisse / Genève

Daniel Bertrand Belgique / Bruxelles

Ronan Oger France / Paris

Jason Legere USA / Durham

Tanushyam Bhattcharjee Kolkota/Inde

Vincent Tatischef France / Orsay

Gabriela Llosa Espagne / Valence

Pierre Salin Sofia Antipolis/France

Prof. A.A.Petrukhin Russie/Moscou

Erik Vallazza Suisse / Genève

Riccardo Faccini Roma/Italie

Pierre Salin

Sofia 

Antipolis/France

Prof. A.A.Petrukhin Russie/Moscou

Mr Patzak Paris VII

Bari - Italie

JJ Jaeger France / Paris

Gabriela Llosa Italie / Pise

Garibaldi/Cisbani Italie / Rome

Shinwo Nam Corée

Garibaldi/Cisbani Italie / Rome

SuperNemo Orsay

Manobu Tanaka Japon

John Parsons USA

Bernard Genolini France / Orsay

Nicoleta Dinu France / Orsay

JJ Jaeger France / Paris

Vincent Tatischef France / Orsay

ATLAS lumi : 500chips (LAL)

Double Chooz : 1000  (Nevis)

CLAS12 RICH  (INFN)

LHCb RICH  ? (CERN)

JUNO ?    (IPHC)
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Variant: SPACIROC

JEM EUSO experiment

Analog Front End similar to MAROC

64 channels 

Photoelectron counting  (<50MHz)

Time Over Threshold
(collab.JAXA/Riken/Konan University)

Digital part :Digitization,memorization

Power consumption < 1 mW/ch

data flow ~ 384 bits / 2.5 μs

Radiation tolerance : triple voting

SPACIROC : 16mm2
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CALICE ASICs

• Calorimeter readout: auto-trigger, analog storage, 

digitization and token-ring readout…

• power pulsing : <1 % duty cycle

• Optimized commonalities within EUDET/AIDA

• Dedicated run produced in march 2010 & nov 2014

– 25 wafers = 200 k€ = 20 000 chips

FLC_PHY3
(2003)

HARDROC2

SDHCAL RPC

64 ch 16 mm2

SKIROC2

ECAL Si

64 ch. 70 mm2

SPIROC2

AHCAL SiPM

36 ch 30 mm2

it’s gonna heat !

=>Power pulse

CdLT IHEP visit



HARDROC2  for RPC readout

• HARDROC2: 64 channels (RPC DHCAL)

– preamp + shaper+ 3 discris (semi digital readout) 

– Auto trigger on 10fC up to 20 pC

– 5 0.5 Kbytes memories to store 127 events

– Full power pulsing => 7.5 µW/ch

– Fully integrated ILC sequential readout

– 10 000 chips produced to equip 400 000 ch

– SDHCAL technological proto with 40 layers (5760 HR2 chips) built in 2010-2011. 

• Successful TB in 2012 : 40 layers with Power Pulsing mode

CdLT IHEP visit 17

@IPNL

Cosmic hadronic shower

Blue : 150 fC

Green : 2 pC

Red : 18 pC

X

ZY

Z

X

Y
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Variant: MICROROC

MICROROC: 64 channels for 
µMegas (DHCAL ILC)

 Very similar to HARDROC except 
for the input preamp (collaboration 
with LAPP Annecy) and shapers (100-
150 ns)

 Noise: 0.2fC Cd=80 pF => Auto 
trigger on 1fC up to 500fC

 Pulsed power: 10 µW/ch (0.5 % 
duty cycle)

 HV sparks protection

 1 m2 in TB in August and October 
2011. Very good performance of the 
electronics and detector (Threshold 
set to 1fC).

 2012: 4 m2 in TB 

@LAPP Annecy

1m2 equipped with 144 MICROROC

0 fC

1 fC

2 fC



SKIROC : SiECAL chip

• 64 ch Si readout chip

– Autotrigger @ ½ MIP = 2 fC

– Charge measurement 15 bits

– Time measurement

CdLT IHEP visit 19
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• SPIROC : Silicon Photomultiplier Integrated 

Readout Chip

– Developed to read out the analog hadronic

calorimeter for CALICE (ILC) 

– DESY collaboration (EUDET project)

– Chip embedded in detector : low power !

• 36 channels autotrigger 15bit readout

– Energy measurement : 15 bits in 2 gains

– Autotrigger down to ½ p.e.

– Time measurement to ~1ns

– Power dissipation : 25µW/ch (power pulsed)

(0.36m)2 Tiles + SiPM + SPIROC (144ch)

2

0

SPIROC for SiPM readout
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J TECH / PUSAN UNIV / KOREA

TOKYO UNIVERSITY / JAPAN

IFC - INAF / PALERMO / ITALIA

IMNC / ORSAY / France

LLR / PALAISEAU / France

UNIVERSITY ROMA / Italy

INFN BARI / ITALY

IMNC / ORSAY / France

EHWA / KOREA

INL / LYON / France

TOULOUSE / France

CERN / SWITZERLAND

RWTH / AACHEN / GERMANY

INFN ROMA / ITALY

CERN / SWITZERLAND

UNIV. DIJON

KETEK / GERMANY

FERMILAB / USA

OMEGA / LLR

WEEROC -> IFC/INAF/PALERMO

WEEROC -> IFC/INAF/PALERMO

EASIROC/CITIROC : variants of SPIROC 
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PDM Electronics 

ASSEMBLING

SiPM board

(9 +1 temperature 

sensors embedded) 

Front-End board

(2 CITIROC 

ASIC)

PDM FPGA Board

(XILINX ARTIX 7)
Photon Detection Module (PDM)

Pixel = 0.17° 6.2 x 6.2 mm 

FOV = 9.6°

Ø = 350mm



Chips for PET SiPM

• PETIROC  (nov 13)

– 32 channels, 

– 1 GHz SiGe amplifiers/discriminators

– Internal ADC/TDC  50ps

• TRIROC EU Project (feb14)

– 64 channels

– Dual polarity

– Internal ADC/TDC 50ps

CdLT IHEP visit 23

Minimum

Mean    0.407±  153.2 

RMS    0.2878±  70.26 
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FP7-HEALTH-2013-INNOVATION-1 TRIMAGE Part B - Stage 2 
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Fig. 4: (left) Arrangement of the 54 staggered LYSO crystals to form the PET ring; (center) schematic illustration of the 
staggered crystal-detector assembly; (right) example of a 4x4 array of SiPMs integrated on a common compact substrate 
with minimum footprint and SiPM-to-SiPM spacing produced by ASD. 

1.2.4.3 Progress in MRI technology 

The MR system will be based on a superconducting magnet with a homogeneous magnetic field of 1.5 T, as in 

most clinical studies performed to date. It will have high stability (better than 0.1 ppm/h), high homogeneity (better 

than 5 ppm) and 30 cm diameter of homogeneous spherical volume. The 5 Gauss line is roughly at 320 cm axially 

and 220 cm transaxially from the isocentre of the scanner making the room requirements less stringent than for 

standard clinical MR scanners. The MR magnet has a bore of 60 cm, an asymmetric gradient coil covering 25 cm 

axially, that allows the introduction of the shoulders of the patient in the full diameter of the bore and an optimized 

RF coil (8-channels parallel receiver) for head studies with an active B1 field with a 20 cm length and a 22 cm 

diameter.  

A key feature of the magnet is that it is cryogen-free making the system much more compact and cost-effective 

compared to standard MRI scanners. Also, the system does not require any special safety measures for handling 

cryogenic gas leaks as is required in cryogen cooled magnets in standard MRI scanners.  

All these characteristics will facilitate better physiological measures since the patient’s arm will be accessible 

outside the magnet. It will then be easier to measure the input function for PET as well as requesting simple motor 

tasks, e.g., finger tapping. To date, such a system does not exist and – to the best of our knowledge – is not being 

planned. 

1.2.4.4 Progress in multimodal imaging technology 

The ultra-compact design of the superconducting magnet and the small installation requirements are critical factors 

for the cost-effectiveness and the wide availability of a dedicated system for human brain studies. The main 

drawback of fMRI is its dependence on the low temporal resolution BOLD effect. This restriction can be overcome 

by the simultaneous combination of fMRI and electrophysiology (Neuner et al, 2010). On the other hand, EEG is 

capable of measuring neuronal function at a millisecond time scale (Michel and Murray, 2012). Moreover, it is 

clear that PET assessment is also paramount in order to complete the pathophysiological frame of the disorder.  It is 

not intended here to develop an EEG system from the ground up.  Rather, building on the experience gained at the 

FZJ, a commercially available system that has already been tested in the hybrid PET/MR environment will be 

integrated into the PET/MR system proposed here.  System integration will take care of synchronisation of the 

three modalities and the display of the data from them.  As noted earlier, the integration of all of three modalities, 

PET, MR and EEG is per se a demanded step forward in this field. A design of the proposed integrated instrument 

is presented in Fig. 5. 

  
Fig. 5: Dimensional outline (left) and artistic view (right) of the dedicated brain PET/MR/EEG system (the EEG cap is not 
shown). 
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PARiSROC for PMm2

• Photomultiplier ARray Integrated SiGe

Read-Out Chip

– Replace large PMTs by arrays of smaller

ones (PMm2 project)

– Centralized ASIC 16 independent channels

– Auto-trigger at 1/3 p.e.

– Charge and time measurement (10-12 bits)

– Water tight, common high voltage

– Data driven : « One wire out »

CdLT IHEP visit



Gisele Martin-Chassard - FEE 2014 Argonne National 

Laboratory

25

PMm2 demonstrator

8-in (Hamamatsu R5912)

Single p.e. noise spectrum.

PARISROC2 chip
Watertight box

2m x 2m array

1-in (XP3102) single p.e. noise spectrum.



PARISROC for WFCTA
26

Performance limitations

• FPGA (Altera Cyclone III)

• USB Interface (FTDI FT245X)

• Specific ports (External trigger)

© Tiina Suomijarvi, 

Yingtao Chen

IPN, Orsay

Telescope first prototype installed in Tibet



Single photoelectron spectrum
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By using external trigger, the SPE spectrum

can be easily extracted with good P/V ratio.
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© Tiina Suomijarvi, 

Yingtao Chen

IPN, Orsay, France



LAGUNA-LBNO

LAGUNA-LBNO : Large Apparatus for Grand Unification and 

Neutrino Astrophysics - Long Baseline Neutrino Oscillations.  

20KT Lar detector

© Tomas Patzak, 

Margherita Buizza

APC, Paris, France

Large scale demonstrator

with 7680 electronic

channels in liquid Argon
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OMEGAPIX: 3D ATLAS pixels at SLHC

• Double tier pixel readout for ATLAS sLHC

– 50x50x50 µm pixels

– Low power 3 µW/ch, low threshold 1000e-

– Chartered/Tezzaron run may 2009

– Collab with CPPM and LPNHE

 

19 mar 2013



Technology transfer : Weeroc

• Startup company created in 2012 for 
industrial applications

• Cadence tools for industry (price !!)

• Contracts with space industry, nuclear 
industry, medical imaging

• 5 people + support from OMEGA

• http://weeroc.com/

• contact person: Julien Fleury

CdLT IHEP visit 30
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Summary

• Main activity : Analog and mixed-signal ASIC design

• Research topics :

– multi-channel ASICs for particle physics and astrophysics detectors

– BiCMOS SiGe and deep submicron CMOS technologies

– ultra-low noise, low power and high speed design

– radiation tolerance, reliability and space applications

– integration with sensors and System on Chip (SoC)

– chips for photodetectors, semiconductors or gaseous detectors

• Specific Applications  :

– medical imaging

– low light "single photon" imaging

– utilization in space

CdLT IHEP visit 31
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ROC family

MAROC SPIROC EASIROC HARDROC MICROROC SKIROC PARISROC SPACIROC

Technology
0.35µ SiGe 0.35µ SiGe 0.35µ SiGe 0.35µ SiGe 0.35µ SiGe 0.35µ SiGe 0.35µ SiGe 0.35µ SiGe

Packages 

available
•Naked

•QFP240

•Naked

•TQFP208

•Naked

•TQFP160

•Naked

•TQFP160

•Naked

•QFP160

•Naked

•QFP240

•Naked

•QFP160

•Naked

•CQFP240

Detector 

compliant

PMT, MAPMT, 

SiPM, µmegas, 

RPC

PMT, MAPMT, 

SiPM, µmegas, 

RPC, GEM, PIN

PMT, MAPMT, 

SiPM, µmegas, 

RPC, GEM, PIN

PMT, MAPMT, 

SiPM, µmegas, 

RPC

µmegas RPC, GEM, PIN PM matrix MAPMT

Optimized 

for
MAPMT SiPM SiPM RPC µmegas PIN PM matrix MAPMT

Nmber of 

channels
64 36 32 64 64 64 16 64

Kind of 

measureme

nt

•Threshold

•Charge

•Threshold

•Charge

•Time

•Threshold

•Charge

•Threshold

•Charge

•Threshold

•Charge

•Threshold

•Charge

•Threshold

•Charge

•Time

•Threshold

•Charge

Outputs

64 triggers,

1 mux charge 

(analogue),

1 mux charge 

digitized

1 digital 

formatted output,

1 mux charge 

(analogue)

32 triggers,

2 mux charge 

(anlogue),

1 mux trigger

1 digital 

formatted output,

1 mux charge 

(analogue) 

1 digital 

formatted output,

1 mux charge 

(analogue)

1 digital 

formatted output,

1 mux charge 

(analogue)

16 triggers,

1 digital 

formatted output,

1 mux trigger

64 triggers,

9 mux charge

Input 

Polarity
Negative Positive Positive Negative Negative Positive Negative Negative

•
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Challenges for electronics

 High altitude and low air pressure  decreased heat

dissipation

 Large number of channels  increased density,

complexity and power consumption

 Harsh environment and remote location  require

stability, reliability and maintainability

 Design based on IC  simplified design, decreased 

power consumption, increased reliability

• Compact design

• High stability

• High reliability 

• Easy to maintain

34

HV baseABDB

4x4 PMTs

The ASICs can be used to simplify

the electronics of LHAASO
Prototypes in YBJ, Tibet

256 channels

We focused on 

WFCTA at first
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PETIROC2

• Time of Flight read-out chip with 

embedded TDC (25 ps bin) and ADC

• Dynamic range: 160 fC up to 400 pC

• 32 channels (negative input)
– 32 trigger outputs

– NOR32_chrage

– NOR32 time

– Charge measurement over 10 bits

– Time measurement over 10 bits

– One multiplexed charge output

• Common trigger threshold 

adjustment and  6bit-dac/channel for 

individual adjustment

• Variable shaping time of the charge 

shaper

• 32 8bit-input dac for SiPM HV 

adjustment

• Power consumption 6 mW/ch

• Front-end
– common emitter SiGe fast amplifier, DC coupled 

to detector

– Fast SiGe discriminator
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PETIROC2: « S-curves »

• Trigger efficiency measurements:
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 PETIROC is a versatile high speed readout chip for SiPMs

 A 64 channel version (TRIROC) has just been produced (see talk by Salleh AHMAD)

 Engineering run (0.35µm SiGe AMS) foreseen at the end of this year

SUMMARY

http://omega.in2p3.fr/

http://www.weeroc.com/

http://omega.in2p3.fr/

