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ALICE ITS Upgrade Overview 
Luciano Musa – CERN 

ALICE	  ITS	  Upgrade	  

ITS	  Upgrade	  –	  Readou	  Electornics	  PRR	  
13	  April	  2018	  
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ALICE	  Upgrades	  –	  Layout	  and	  key	  systems	  	  
ALICE	  Upgrades	  

New	  Inner	  Tracking	  System	  (ITS)	  
•  CMOS	  Pixels	  	  
g	  	  improved	  resoluGon,	  less	  material,	  faster	  readout	  

New	  Muon	  Forward	  Tracker	  (MFT)	  	  
•  CMOS	  Pixels	  	  
g	  	  vertex	  tracker	  at	  forward	  rapidity	  

New	  TPC	  Readout	  Planes	  
•  4-‐GEM	  detectors,	  new	  electronics	  	  
g	  conGnuous	  readout	  	  

New	  trigger	  detectors	  (FIT,	  AD)	  
•  Centrality,	  event	  plane	  

Upgrades	  readout	  for	  TOF,	  TRD,	  MUON,	  ZDC,	  Calor.	  

Integrated	  Online-‐Offline	  system	  (O2)	  
•  Record	  minimum-‐bias	  Pb-‐Pb	  data	  at	  >	  50kHz	  

(currently	  ~	  1	  kHz)	  

ITS	  

L.	  Musa	  (CERN)	  –	  Current	  R&D	  in	  the	  ALICE	  Experiment	  	  -‐	  Nov	  2017	  

InstallaGon	  in	  LS2	  

X	  50	  rate	  capabiliGes	  
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(ML)	  

Outer	  layers	  
(OL)	  

Inner	  layers	  
(IL)	  

Outer	  Barrel	  
(OB)	  

Inner	  Barrel	  
(IB)	  

Layer	  	  #	  	   3	  4	  5	  6	   0	  1	  2	  

N.	  of	  	  Stave	   24	  30	  42	  48	   12	  16	  20	  

è	  The	  ITS	  is	  consGtuted	  by	  :	  
	  	  	  	  -‐	  7	  layers;	  	  	  	  	  	  	  	  	  	  	  3	  (IL),	  	  	  	  	  2	  (ML),	  	  	  	  	  	  2(OL)	  
	  	  	  	  -‐	  192	  Staves;	  	  	  	  48	  (IL),	  	  	  54	  (ML),	  	  90	  (OL)	  
	  

ITS	  Layout	  
ALICE	  ITS	  Upgrade	  
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r	  coverage:	  23	  –	  400	  mm	  

05/05/17	  

27cm	  

84cm
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Flexible	  PCB	  

9	  sensors	  

Cold	  Plate	  

Space	  Frame	  

Outer	  Barrel	  

Inner	  Barrel	  

FPC	  side	  

sensor	  side	  

Stave	  Layout	  
ALICE	  ITS	  Upgrade	  

05/05/17	  
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130,000	  pixels	  /	  cm2	  	  	  27x29x25	  µm3	  
Charge	  collecGon	  Gme	  	  <30ns	  (Vbb	  =	  -‐3V)	  
spaGal	  resoluGon	  ~	  5	  µm	  
max	  parGcle	  rate	  ~	  100	  MHz	  /	  cm2	  

fake-‐hit	  rate:	  <	  10-‐9	  	  pixel	  /	  event	  

INVESTIGATOR and ALPIDE – the ALICE Pixel Detector

3	November	2016	 IEEE	NSSMIC2016	|	JvH,	CERN/ALICE	 3	

1. Overview
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•  ALICE experiment will fully replace its present Inner 
Tracking System (ITS) during the second long shutdown 
of the LHC  in 2019/2020

•  New ITS will be fully equipped with monolithic CMOS 
pixel sensors

•  Development of dedicated pixel chip for the ITS 
upgrade – ALPIDE

•  Fabricated in TowerJazz 180nm CMOS Imaging Sensor 
(CIS) process

•  Chip development started end 2011, including 4 MPWs 
and 5 engineering runs, containing various small and 
full-scale prototypes

è  one of them: INVESTIGATOR

Inner Barrel	

•  7 layers, grouped into two barrels 
•  radial coverage 22mm - 406mm

•  ~10m2 acFve area, ~25000 chips 
•  ~12.5 Gigapixels with binary readout

Outer Barrel	

Ø  M. Mager: The Upgrade of the ALICE Inner Tracking System with the 
Monolithic Ac?ve Pixel Sensor ALPIDE, Session N12: High energy physics 
instrumentaFon I: Silicon, Monday, Oct. 31, 18:00

Ø  H. Hillemanns: Radia?on Hardness of Monolithic Ac?ve Pixel Sensors for 
the ALICE Inner Tracking System Upgrade, Session N53: New Concepts in 
solid-state detectors and radiaFon damage effects III, Thursday, Nov. 3, 
10:30

ALPIDE

pads	  over	  matrix	  

IB:	  50µm	  thick	  
OB:	  100µm	  thick	  

ALICE	  Upgrades	  

e e

e
e

h

h

h

h

PWELL PWELL NWELL

DEEP PWELL

NWELL
DIODE

NMOS
TRANSISTOR

PMOS
TRANSISTOR

Epitaxial Layer P-

Substrate  P++

ze
ro
	  	  	  
su
pp

re
ss
io
n	  

ze
ro
	  	  	  
su
pp

re
ss
io
n	  

ze
ro
	  	  	  
su
pp

re
ss
io
n	  

ze
ro
	  	  	  
su
pp

re
ss
io
n	  

Bias,	  Data	  Buffering,	  Interface	  

THR	  

COMP	  AMP	  1024	  pixel	  columns	  

signal	  processing	  
circuitry	  integrated	  

in	  pixel	  matrix	  51
2	  
ro
w
s	  

R&D:	  CERN,	  CCNU,	  IPHC,	  INFN,	  IRFU,	  NIKHEF,	  RAL,	  Yonsey	  

ALPIDE	  –	  A	  novel	  CMOS	  Pixel	  Sensors	  for	  the	  ALICE	  Upgrade	  	  	  

pixel	  capacitance	  2.5	  fF	  (@	  Vbb	  =	  -‐3	  V)	  	  a	  MIP	  signal	  ~	  50mV	  	  	  

25µm	  

L.	  Musa	  (CERN)	  –	  Current	  R&D	  in	  the	  ALICE	  Experiment	  	  -‐	  Nov	  2017	  

CMOS	  180nm	  



Inner	  Barrel	  Stave	  

Half	  Inner	  Barrel	  
Inner	  Barrel	  
The	  mechanics	  of	  layers	  
assembled	  with	  dummy	  staves	  

9	  CMOS	  pixel	  chip	  sensors,	  

FPC	  

ITS	  Inner	  Barrel	  
	  	  	  	  	  	  	  	  3	  layers	  

6	  

Non	  convenGonal	  use	  of	  CFRP	  
high-‐rigidity	  high-‐stability	  	  

L.	  Musa	  (CERN)	  –	  ALICE	  Jubilee	  -‐	  Mar	  2018	  

Inner	  Barrel	  Layout	  
ALICE	  ITS	  Upgrade	  
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Outer	  Barrel	  Stave	  

Half	  Outer	  Barrel	  

ITS	  Outer	  Barrel	  
	  	  	  	  	  	  	  	  4	  layers	  

Half	  Outer	  Barrel	  
The	  mechanics	  of	  
layers	  assembled	  with	  
dummy	  staves	  

ITS	  producGon:	  the	  outer	  barrel	  mechanics	  

1.5m	  	  

Outer	  Barrel	  Layout	  
ALICE	  ITS	  Upgrade	  



ALICE	  ITS	  Upgrade	  
Readout	  Electronics	  
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Readout	  Unit	  vers.1	  

2015 -‐16	   	  Readout	  Components	  radiaGon	  test	  and	  selecGon	  
	   	  Readout	  Prototype	  Board	  RUv0	  

Engineering	  Design	  Review	  (Jan	  2017)	  	  

2017	   	  Readout	  Prototype	  Board	  RUv1:	  	  system	  integraGon	  (DAQ,	  trigger	  and	  DCS),	  integraGon	  with	  services	  

Readout	  Unit	  ProducGon	  prototype	   	  Jan-‐Apr	  2018	  
ProducGon	  Readiness	  Review	   	  	  	  	  	  	  	  	  	  	  a	  Apr	  2018	   ProducGon	  &	  test	   	  May-‐Dec	  2018	  

CharacterizaGon	  ongoing	  	  

AusGn,	  Bergen,	  Berkeley,	  CERN,	  NIKHEF,	  Prague	  	  

L.	  Musa	  (CERN)	  –	  LHCC	  Referees	  MeeXng,	  Feb	  2018	  



ALICE	  ITS	  Upgrade	  
Overall	  ITS	  Planning	  (Simplified	  Global	  View)	  
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Oct	  2017	  è	  

Nov	  2017	  è	  

Apr	  2018	  è	  

L.	  Musa	  (CERN)	  –	  LHCC	  Referees	  MeeXng,	  Feb	  2018	  

Dicing + Test 


