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HARDROC / MICROROC

HARDROC is u 6d-channel front-end ASIC designed to readout negative fast
(<Ins) and short (<10ns) current pitises from various deteetors (Multi Anode
Photo Multipliers, Resistive Plate Chanthers. HARDROC provides a semi-
digital readout with three thresholds tunable between 10.fC up to 10 pC and
integrates a 128-deep digital memory to store the 2 x 64 discriminator outputs as
well as the buneh erossi tification coded over 24 bits.

The three thresholds are set by three integrated 10-bit
DACS. The gain of each chanmel can be tuned individually
from 0 to 2 ever 8 bits, allowing the compensation of won-
wniformity between the 64 detector channels. Each
channel can aute trigger down to 5 fCwhich corresponds
to the 5 & noise linit.,

A multiplexed charge measurenent up to 10pC is integrated and can be dais)
chained. §72 slow control parameters allow versatility and various sentings. The
pewer consuwmption is about 1.5 mWehanuel and the chip can be fully power-
puised allowing a significant power reduction by disabling unused blocks
MICROROC is a variant of HARDROC and integrates an ultra low noise churge
preamp (0.1 fC for a detector capacitor of 80 pF) allowing to set the threshold
owa to 1 C.

Contact : Nathalie Seguin-Moreau
SKIROC

SKIROC2 is a 64-chanuel front-end ASIC designed to readout silicon PIN
diodes. Each chamnel is made of o variable-gain and low-noise charge
preamplifier followed by two shapers — one witle a gain of 1 ad the other witl
gain of 10— ta provide a charge measurement from 0.2 fC up to 10 pC. A time
ing is performed by a 12-bit TDC ramp. The charges and times are stwored in
~depth Switched Capacitor Arrays (SCA), the values of which are converted
by a nmilti-chanmel 12-bit Wilkinson ADC and sent to an integrated 4 Khytes
ntemory. The analog valie of the charge is also available on an output i
The trigger chain is composed of a high gain fase shaper
and a discriminator and allows each chunnel to auto trigger
down tor 8.2 fC. Thresholds of the 64 di
by a common 10-bit DAC and an individual 4-bit DAC per
channel. Euch discriminator output is sent to an 8-bit delay
cell (delay time tunable between 100 ns and 306 ns) to 3
provide the Hold signal for the SCA cells of the slow
channel. T
and each stage can be individually shut down wien not
used. 616 slw control parwmeters are available to set
various configurations and ensure the versatility of the chip.

riminators are set

ponver consimpiion is about 1.5 mW/ckammel

Contact : Stéphane Callier

PARISROC

Parisrocis a I6-channel front-end ASIC designed to readeut photomultipiier
tubes (PMT5) in large scale applications such as water Cerenkov experiments. The
concept of the ASIC is to combine an auto-trigger chip vo 16 PMT to obrain an

attorromons macro-cell for large area of detection

An adjustment of the gain of each channel compensates the
gain variation of the PMTS and allows to use only one HV cable
for the 16 PMTS. Iit the ASIC, the 16 channels are totally
independent, it each channel, the autostrigger starts the charge
and time measurements which are ther converted and stored.

Ouly the hit chamels are read out by ane serialized output. The time
measurement is done by @ 24-bit counter at 10MH: for the coarse time and u

time to amplitude converter for the fine time, giving with a resofution better
than 1 us. The charge measirement is done by u 2 gain preamplifier followed
by u shaper with variable shaping tinres (25ns, $ns or 100ns). Charge and fine
time values are converted by a 10 bit ADC.

Contact : Giséle Martin-Chassard

MAROC
MAROC for “Multi Anode Read Out Chip” is u 6d-channel chip designed to
readous negative fust input current pulses such s those provided by Mulii Anode
Photo Multipliers. Each channed provides a 100% trigger rate for signal greater
than 13 photoctectron and a charge measurement up to 30 photoelectrons (~
SpC) with u firearity of 2%. The gain of each channel con be tuned between 0 and
2 thanks to an 8 bif variable guin preamplifier allowing to compensate the non
uniformity between detector channels. A stow shaper combined with two Sample
and Hold capacitors allows storing the churge up to 3pC as well as the baseline.
In purallel, 64 trigger outputs are obiaired thanks to
no possible trigger pathes : one made of a bipolar or
unipolar fust (13 s} shaper followed by oie
discrintinator for the photon connting and one made
with a bipolar fust shaper (with a lower gain) followed
by a discriminator to deliver riggers for larger input
charges (> Ipe). The discriminafor thresholds are set
by two interaal 10-hit DACs. A digital charge output is
provided by an integrated 8, 10 or 12 bit Wilkinson
ADC. 828 slow control parameters allow versaility
and various sertings.

Contact : Sylvie Blin
SPACIROC

SPACIROC (Spatial Photonmltiplier Array Counting Integrated ReadOut Chip)
is a 64-channel chip designed to readout negative fast input current pulses such
as those provided by Multi Anade Photo Multipliers and for spatial and low
power applications, The 64 inputs from MAPMT Anodes are amplified by an 8-
bit variable gain preamplifier alfowing 1o tne the gein of each channel hen
0 and 4 and so io compensate the non-wniformity between detector chanmels
Euch channel provides a 100% trigger rate for signal greater than 1/
photoeiectron. Charge measurements from 2pCup to 22

0

220pC are performed using
 Time-over-Threshold. A fast Photon Counting (56 MHz) is done thanks to
fast shaper followed by a discriminatot, the threshold of which is set by one
internal 10-bit DAC.

The digital part operates confimiously and handles
duta conversion of each Photon Counting and Time-
Over-Threshold —channel.  The  digital data  are
trawswiitted via dedicated paraitel conmunication links
and within the defined Gate Time Unit (GTU). The
ASIC data output rate is 40MHz. Spacirac is radiation
tolerant and its poser conswmption is lower than
ImWechannel.

Contact : Sylvie Blin

SPIROC / EASIROC

SPIROC iy o dedicated very front-end electronies for an ILC protofype of
hadronic calorimeter using SiPM. This ASIC is due to equip a 10,000-channel
demonstrator in 2016, Tt embeds cutting edge features that fulfil 1O final
detectar requirements. It has been realized in 0.35 mn SiGe technology.

It has been developed to match the requirements of large
dymamic range, low noise, low consumption, high precision
and large mumber of readont channels needed. SPIROC is an
aito triggered (down to SOfC), dual gain, 36-channel ASTC
wikich allows to measure on each channel the charge fr
e photoelectron (0 2,000 photoeleciron and the time with «
Ins acenrate Time-to-digial Converter (TDC). An analogue
memory array with a depth of 16 for each channel is used o
store the time information and the charge measurentent, A 12-
bit Wilkinson Analogue-to-digital Converter (ADC) has beer
embedded to digitize the analogue mentory content (time and
charge on 2 gains).

The data are then stored in a 4 Kbytes RAM. A very complex digital part has been
integratedto manage all these features and to transfer the duta to the DAQ.

In parallel, a *spin-off” chip, EASIROC, has been developed. EASIROC, standing
for Extended Anaiog
front end A
His versatility allows its use in many phote detector experiments and is already
used for v, MuRAY, J-PARC and medical imagin

Contact : Ludovic Raux

Sicpin Brtegrated ReadOut Chip is a 32 chamels fully

' dedicared o readaonr § i detectors.

analoy
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Electronique a froid

U Evolution du circuit depuis 2007 A

Version 6 : LARZIC measures
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O Test a froid de différents blocs

O Ajout de fonctionnalités

QO Test en cours al'lPNL sur détecteur 128 voies

Tarei Faci Bty i1 Loy [IPNIL)
Fows qarm of s AR Ve b 1eaed

Q 4 cartes de 4 circuits o~ I
O Points délicats : filtrage des alimentation: 4
O Perspectives 2015 -

O Test au CERN sur chambre de 6x6x6 [m3] . pseudo mﬂerenualvenhed

O Dynamique : -3fC a-1.2pC ' —i—;
. . . o __..-" Il-lfl-.r:m"nl:ml ,l'\
QO Intégration 16 voies par chip | 7|

Contact : e bechetollle @ipnl.inp3.ir
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Pdie d¢ mcrodiecrongus Rhine-Ausengng

dépasser les

QO Projet de valorisation: circuit ALARMIC
O Mesure et surveillance de 3 gaz polluants sans fil
O VFE, comparateurs et DAC trés basse conso.
O R&D: circuit TROPIC
O T&H et bloc numérique pour ADC 2GHz 6 bits
O Application: filtrage optimal temps réel (TEP TOF)
0 R&D: TDC haute résolution
O Dédié aux chambres RPC a muons pour CMS
O Reésolution visée: 10 ps
O Architecture basée sur la différence de périodes

d'oscillation de 2 oscillateurs

Projets de valorisation et R&D @ MicRhAu
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CrOMCTONG.8 Rhine-Ausngng

O Trigger a muons ALICE : circuit FEERIC

O Front-end analogique / Précision en temps

QO Tracker CMS : circuit PRACTIC_32
U0 Front-end analogique multivoie
O TileCal ATLAS : circuit FATALIC/TACTIC

O Front-end analogique a sortie numerique

O Tracker LHCb : circuit PACIFIC

U Front-end analogique multivoie

O Tracker CMS : circuit Concentrateur

O Circuit de traitement numérique

O MFT ALICE : circuit SDS

O Circuit de traitement numérique

Les upgrades HL-LHC @ MicRhAu

= B Hich Le péle MicRhAu est engagé sur 'ensemble des up-
//—‘\ @ Luminosity grades des expériences pour le HL-LHC, avec pour cer
¥ LHC
MICRHAU r
P B i

taines expériences jusqu'a deux développements.

PACIFIC : tracker LHCb

+ Chaine de lecture compléte pou

FEERIC : trigger a muons ALICE

voiesfeircuits

TACTIC : ADC pi
# Nombre de bit :
Fre

SDS : MFT ALICE

Contact : nicolas.pillet@clermont.in2p3.fr

Ecole de microélectronique de I'IN2P3
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Electronique intégrée pour
applications en hadron thérapie

Pole de microélectronique Rhone-Auvergne

Apercu des circuits intégrés réalisés dans le
cadre des problématiques de hadron thérapie
un ASIC multivoie pour la lecture de SDD
double polarité a été fondu et testé

O une deuxieme version est prévue

un ASIC multivoie mixed-signal pour

I’étiquetage temporel et I’enregistrement de la

position de hits provenant de fibres

scintillantes a été soumis pour la fabrication

en Juin 2013

Ecole Microélectronique—IN2P3@Porquerolles—juin 2013
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In hadron therapy, energetic onizing partices are aimed at the target tumour inrder to damage the DNA of tissue cels: cancerous cell are more wulnerable
to this attack. The energy lost by these particl thei until the point where it reaches a
maximum. Beyond that point (the Bragg peak in the energy-loss vs. pathenﬂh mm] their energy is almost zero and the dose released in the surrounding
healthy tissue is at its minimum. The accuracy of the dose delivering and deposition is crucial in treatments where protons or carbon ions are usad: a real
time monitaring of the Bragg peak positian makes it possible to detect and ta correct any deviation bet dose delivery,
without the intraduction of excessive safety margins.

A monitoring method based on the detection of photons in the range of 1-10 MeV (prompt-y emitted within much less than a picosecond after the nuclear
reactions) and whose production rate is highly correlated with the deposed dose, has been proposed and a protatype detection system showing the feasibility
of the method exists [1-2] .

Two of the ASICs developed by MICRHAU aiming at the realisation of a real time controlling system for prompt-y imaging during ion beamn therapy are here
reviewed and placed into context.

lon-range monitaring during ion therapy:
prompt-y detection using a C
The hodoscope provides:
« tme refe
- spatial tagging of the incident ions in a beam crossing plane: 1mm reschution
+ counting rate capability of 10" lon pulses/s
Compton camera:
slectronic collimation through the use of multiple scatter detectors and an absorber
Classical Compton camera approach obtains the 30 information from cone intersections
ot nplifies the 1o the intersection cone/ling

Integrated electronics for the scatter detectors
detector used: double-sided SDD (€, = 15 pF)
rwadout chain compased of a two-polarity CSA followed by two shapers in paralel
slow shaper {1y1¢) for L
fast shaper (15ns) for timing measurements
tw configurations are possible for P and N strips readout
8 channels pratotype realised in AMS C35 and successfully tested (3]
Performances summary:
10" hits/s counting rate
CSA ENC: 835 ¢ rms (electrons) 1186 & rms (holes)
CSA conversion gain (maan): 2.05 MV/IC (slectrons) 1,88 mV/IC (holes)
Upcoming
6

double sided SDD AC<oupled.

h added submied |8

]

HODOPIC single
channel readout

Beam tagging hodoscope
array of scintillating fibres coupled to multichanne| PM3
acquisition rate up to 10" events/s
Integrated electronics for the hodoscope
- 32 channals ASIC (HODOPIC) based on two previous designs [4,5]
single channel features:
525 fC—25.2 pC input dynamic range
about 2 Ohm input impedance
d of a current gale)
followed by & current comparator and a CSA in naﬂlul

ic internal nu:l’c
2 (internal

OLL): 140 ps resolution
mum.l event FIFQ memary stores tagging information

ggenng channel
he writes the tag

~channefs gain individually mr-ﬂprﬁh-n 1€ for bre ageing

-amy of for

monitoring of the injected charge

- & 3-state 32b-wide bus allows the direct readout of the DLL internal
state for debugging
Qo

)(Lwnmmm etal, " for prompt-y
Monte Carosimulation study’, IEEE Transactons on Nudear Sience, Vo %, No.1 Feb, 2011
12) Krimmer et ol, the ion range by
Confarence Record
13} WeDehcumace st Alow ks
*, IEEE Nuclea
[4] 5.Deng et al, "Front-end, multi-channel pmit-associated readout chip for hodoscope application”, NIM A, Vol.695, No.0, 2012

" ANIMMA 2013

Beam tagging 2x128 scintillating fibers

Contact : caponetto@.in2p3.fr
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for SuperNEMO Tracker
= LPC Caen

v’ Service Electronique-Microélectronique

S. Drouet / L. Leterrier (ASIC)

F. Boumard / J. Langlois (Cartes de tests)
v’ Service Instrumentation

J. Brégeault (Logiciel d’acquisition)
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= SuperNEMO

v Physique du neutrino (Etude de la double
désintégration B sans neutrino)
v’ Démonstrateur SuperNEMO

« Construction 2013-2014 b~

Blobal Architecture

e 2000 voies pour le tracker (150 ASICs) = uee

T graliel oot @ 33 M i’

= FEAST

v’ Techno: AMS 0,35um CMOS
v ASIC pour le trajectographe AT
v ASIC codeur de temps avec mise en forme -ER=| g
analogique du signal a traiter
v’ 54 voies indépendantes

FEAST: a dedicated Front-End ASIC

Pumin R e v g b braey 38 07 Lam WL

i FEAST: a dedicated Front-End Asic
for SuperNEMO Tracker

The SuperMNEMO Detector
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WP g Weomn  SCATS
Sixteen Channel Absolute Time Stamper

m e e L L e ]

—===—- Sixteen Channel Absolute Time Stamper

o

a high-speed time stamper for physics experiments

£ “TESSD
SCATS Front-end part (2}
SCATS i & Brord-ard Sime shomper ASTC, :rur-dhl'-""-ﬂ' ared Phase tuming:
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ASPIC: Analog Signal Processing Integrated Circuit
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IN2P3 IMOTEP
Les deux infinis pour IMagerie TEP

o Chaine de lecture pour I'imagerie médicale :
micro-tomographe a émission de positrons (WTEP)

’ IPHC i Groupe IMABIO ’ O O
— Plateforme AMISSA : s e ——

e Sujet/Domaine

— Circuit pour PM multivoies
* Mesure d'énergie corrélée en temps
 Dynamique d'entrée: 2 103 a 1%
e Dynamique 10 ps ,résolution 625 ps

* |nterlocuteur
— Xiaochao FANG

Ecole de Microélectronique —juin 2013- Porquerolles
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dépasser les frontiéres §

A CMOS Pixel Sensor with In-Pixel Discrimination
for ALICE-ITS Upgrade

Tianyang Wang Pham Thanh Hung. Andres Derokhow, Chiitine His-Guo, Yann by

 |PHC - Groupe PICSEL
— Upgrade ITS ALICE
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e |Interlocuteur
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CIrs — MIMOSA32 N1 & N2
W ..o Etude du bruit "Random Telegraph Signal"

Study of Random Telegraph Signal Noise on CMOS Pixel Sensor
ina 0.18 um CMOS Image Sensor

* |PHC - Groupe PICSEL
— Upgrade ITS ALICE

e Sujet/Domaine

— Optimisation des pixels
e SF pour lecture de la chaine

* Etude en fonction de la taille et la
géométrie du SF

* |Interlocuteur
— Frédéric MOREL
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SUZEO2

CIlrs
y IN2P3

esdemxiniins . SUpPression de ZEro des capteurs MISTRAL / ASTRAL

Development of a Data Compression Circuit for the MISTRAL & ASTRAL
Sensors dedicated to the Upgrade of the Inner Tracking System of

the ALICE Experiment

* IPHC - Groupe PICSEL
— Upgrade ITS ALICE ST L) =

e Sujet/Domaine E A
— Suppression de zéros [ | P —
— Gestion mémoire —
— Transmission de données e

* |Interlocuteur
— Abdelkader HIMMI
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Réticule ITS1
180 nm Engineering Run

dépasser les frontiéres '

IN2P3

Les deux infinis

An Engineering Run in a 0.18pm CMOS Imaging Sensor
(CIS) process for the ALICE ITS Upgrade

. C. COLLEDANI, F. MOREL
suloawn 6037 Srmboarg
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pefoarmd of ST loe 8 eee pacrFicial dicing The iotel warfece of ke prresh ard e sesbe b ropreweehs 99T % of e rpficwls arse

* IPHC - Groupe PICSEL
— Upgrade ITS ALICE ——— - |2
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* |Interlocuteur

— Grégory BERTOLONE e
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MIMOSA 34 & CERNWIET
IN2P3 Nouveaux procédés de fabrication

dépasser les frontiéres '

Les deux infinis Mono“thique & Hybrlde

Mew fabrication and packaging technologies for CMOS pixel sensors:
closing gap between hybrid and meonolithic approach

IPHC - Groupe PICSEL
- R&D avancée = S **'

TO'AER Jlazz CMOS image Senanmn
[FIe i Wil Frooess

* Sujet/Domaine =
CMOS sur substrats HRES — )
Capteurs/Flex ultraminces L — v ——

relatppe FEOL [EEET w# A  Tor s
Esbcaind oo veriyly of wafery. soi 89 peyThid om, [ayh = 55§ C] om. Elest resaion. froen Mimsosall protooygs: JIPHC - Boin )

Tedu | Poix b rumis ol mard s, CHKIE Spparn s b wnsy neaal bppsially 18 o Tor i a0bas dosd B gon buy bede v e L L e ———
Irparnl. Thew'or MAPS Cas be thineed doem iz leas than 3 pre, withost locaing their m:hmmmﬂh Bawn very smEl naerial budget snd
ORI 3] Pt U || GRS LE e IR AP i qaie P sl ST 1 T e fead iy of Lige area | sira-bght (< B 1% aedation
lPr.I | varnax leddurs w duvwiop naeel pec lthrlllllod Thirmed sermean [<8 micmes| srr snbedded m polprer [sapios| e sieckcel comecion o

* Interlocuteur — T

NI o = =

Wojciech DULINSKI ——
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MIMADC
Leslﬂugiﬁﬁs ADC 3 bits intégrés au pixel

A CMOS Pixel Sensor with 3-bit Pixel-Level ADCs
for ILD Vertex Detector

* IPHC - Groupe PICSEL R e ———

ool W i s g 4 (5 kim0 bl A § gLl e i [l imdin i e b chotii L Thie

- R&D avancée

e Sujet/Domaine

— Pixels a discriminateur embarqué

* Faible consommation

e Grande vitesse de lecture

— Etude de 3 architectures

* |nterlocuteur
— Yang ZHOU
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Cnrs COMETH
IN2P3 COunter for Monitoring the Energy and
M Les deuxinfinis Type of charged particles in High flux

Development of a CMOS Pixel Sensor for Space

Radiation Monitor

¥, Zhay, J. Baudod, C. Duresrger, Ch. Mu-Guo, ¥ Mo and M, Winber

 |PHC - Groupe PICSEL

— Space Radiation Monitoring

ABTRALT Furi | (] e—— L AT S A
rPe—

e Sujet/Domaine
— Dosimetry
— High flux environment

* |nterlocuteur
— Yang ZHOU
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R&D microélectronique au CPPM
IN2P3

Les deux infinis
- = Bompard, gnon, A. Calzas, D. Fougeron, F- Gensolen, S. Godiot,
on, J. Liv, M. Menouni, ROlive, B Pangaud, A. Wang
for

ent imy [Mue dans le drwhom-mmde dircuts front-end pour la physique

CPPM . ATLAS HL-LHC "

——— Dars le cade e Is conception des futurs pixels du détecteur

ATLAS pour HL-LHC, plusieurs chalenges dovvent étre reievés

- talle depinels rédut,

+ hamincsts seede (1 Grziem),

e e 0 p Gl

« bande passante de sorts 1-3 Gb

© o ebiorts conpiee (1 o), o grandatlle ot
& fable consommaton (14 Wiem?) pour mstrumenter de
randes surfaces tout en lmiant I matide.

Paur cals nous développons 3 axes tachnologiques « la 65 am,

la HV-CMOS, otfe 3D,

R&D Microélectronique au CPPM =

Equipe microélectronique
(conception - mesure - test)

Electronique 3D-IC pour pixels hybrides

L projet 30-IC FETCA et basd sur e projet
IR T

Electronique HV pour pixels monolithiques

e ATLAS / LHC et HL-LHC
— |IBL ( phase 0)
e circuit FEI4

— phaselet2
e Solution en 65nm

nesvelles mémosres et bacs 1P (12 BEADK, ref temsian, capteur )
athon vec e LAPY e mars 2013

e Solution en techno 3D o e
e Solution en HV CMOS : - SIC

* |magerie
Rétine artificielle

EVA Do m:mlmm ™ eg§, ,J\

Sonde intracérébrale
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Column ADC
7IN2PS for HR imaging applications

L=P==
@ 7= Column ADC é Jl

e LPSC Grenoble — Gravit for HR imaging applications -

Arch_[tectu re

* Massive Array ADC

1% prototype

* |nterlocuteur
— Fatah RARBI

O 14bit, .SMSPSADC
O  <500uW/ch,
O  30um pitch, (length<1.9mm)

DOCMDS 130nm
O Anslog powersupply: 1.5V
(w] Digitad power supphy: 1.2V
DOConverter array based on SAR architecture
014 bit resalution
DSpeed of SMSPS5/column
O =3pF
OPower Consumption: < 500uW/column
QPitch: 30wm (length < 2mm)




PEALL 12-b, 40-MSPS SAR ADC:
N2hs A Power Efficient and Low Latency SAR ADC

= PEALLSAR ADC: =2 L
e LPSC Grenoble A Power Efficient And Low Latency SAR ADC
B ATLAS Architecture .................
. "l e
o H Igh_s peed a nd IOW EER .: R :/ O 2segmented capacitor Array
‘ O NoPLLneeded: 640MHz clock

power ADC

* |nterlocuteur
— Fatah RARBI




Les deux infinis

AstroParticule & Cosmologie (APC)

F. Voisin, D. Préle

Description de I'ASIC réalisé pour
I'instrument QUBIC dédié a
I'observation du fond diffus

cosmologique

iNop3  Cryogenic ASIC in Standard Technology for

QUBIC Experiment

2 Cryogenic ASIC in Standard Technology for QUBIC Experiment
Ill?gi m F. Voisim, D, Préle, k. Pat, C |:|I-I|.'-I_1.‘-II
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