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Outline

• ALICE detector and its upgrade strategy during LS2 

• The Muon Forward Tracker principle 

• ALPIDE Chip 

• MFT R&D overview  

• Ladder assembly 

• Disk assembly 

• Readout
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The ALICE experiment
• LHC experiment dedicated to the study of Heavy Ion collisions 

• Detectors designed to identify and reconstruct particles in a large pT domain 
(>100 MeV/c)
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• Central Rapidity (|η|<1) 

• Tracking (ITS, TPC) 

• PID (TOF, TRD) 

• Calorimetry (EMCAL, PHOS) 

• Forward Rapidity, muon 
spectrometer (2.5<η<4) 

• PID (Muon absorber) 

• Tracking (MWPC) 

• Trigger (RPC)

Andrea ALICI 
talk, Monday 

morning
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Upgrade strategy for LS2
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FIT = T0+ and V0+

T0+ modules

− Improved T0
− Rectangular quartz radiators
− New sensors MCP-PMT
− Larger acceptance
− More channels
− Upgraded electronics and readout

− Improved V0
− Faster plastic scintillator
− Monolithic structure
− Reduced fiber length
− New sensor (SiPM or MCP-PMT)
− New electronics and readout

V0+ sectors

Zhongbao Yin@LHCP201720/5/2017

New Minimum 
Biais trigger 

detector

8 February 2017 QM2017  R. Majka, Yale University for the ALICE Collaboration 7

Several year R&D program developed a solution with 4-GEM chambers
- Different GEM hole patterns on each GEM helps to block ion backflow
- Tradeoff between energy resolution (large gain in first foil) and ion back 

flow (IBF) (small gain in first foil)
Standard Pitch
not rotated

Standard Pitch
rotated

Large Pitch
rotated

Large Pitch
not rotated
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Eight voltages (DV on 4 GEMs and DV on 4 gaps) makes huge parameter space to scan
Curves of energy resolution vs ion backflow show a region that meets our design goals and a larger 
region that gives acceptable performance to meet the physics goals.
Calibration method for correcting space-charge distortions is already in use for the current run 
and handles variations even larger than we see in prototype chamber.
→Poster: Space-charge distortions in the ALICE TPC in RUN 2, Ernst Hellbar

90-10-5 Ne-CO2-N2

400 V/cm drift field

DV=270 V

DV=230 V

DV=359 V

DV=288 V

DV=800 V

DV=20 V

DV=800 V

DV=800 V

Solution – Technology Choice

dE/dx res. =8.0%

dE/dx res. =8.5%
New TPC GEM 

Chambers

New Readout 
system

Grid Computing Center – Computer Room A 

Computing O2

New Online/
Offline 

Computing
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Upgrade strategy for LS2
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New Central Inner Tracking System
High resolution ; low material budget 

New Muon forward Tracker 
High resolution ; low material budget 
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The Muon Forward Tracker
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Absorber

IP

MUON spectrometer

µ

µ

Dipole

Present MUON spectrometer blurred in muon track extrapolation 
• No constraint in the primary vertex region (no charm/beauty separation)
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The Muon Forward Tracker
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µ
MFT
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The ALICE inner trackers
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MFT design goals

Vertexing for the Muon Spectrometer at forward rapidity 

• 5 detection disks with detection on both side, O(5 µm) spatial resolution 

• 0.7% of X0 per disk 

• -3.6 < η < -2.45 

• Disk#0 at z = -460 mm, Rin = 25 mm (limited by the beam-pipe radius) 

Good matching efficiency between MFT and Muon Spectrometer 

• Disk#4 at z = -768 mm (limited by the frontal absorber). 

Fast electronics read-out 

• Pb-Pb interaction rate ~50 kHz, pp interactions ~200 kHz 

• Integration time and dead-time < 20 µs
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MFT Layout
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IP region
z=0

Disk 0 
(z=-46 cm)

Disk 1

Disk 2

Disk 3

Disk 4 
(z=-76.8 cm)

-3.6 < η < -2.45

920 silicon pixel sensors (0.4 m2) on 280 ladders of 2 to 5 sensors each

10 Half-disks — 2 detection planes each

MFT doses 
< 300 krad  
< 2x1012 1  MeV neq/cm2 
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MFT Layout
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MFT Half-MFT cone

Mother Boards

Power Supply Unit

Half-Disks
Half-Disk

Support
PCBLadders

Sensors

Heat Exchanger
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Material Budget

Ladder contribution (two sides): 0.3% 

• Sensor: 0.09% 

• Flex substrate: 0.08% 

• Al circuitry: 0.1% 

Total Disk: 0.7% of X0
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ALPIDE pixel sensor characteristics
CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 µm technology 

• Sensor Thickness 50 µm 

• Sensor Size 15 mm x 30 mm. Pixel pitch 29 µm x 27 µm 

• Spatial Resolution 5-6 µm 

• Event time resolution ~ 2 µs 

• Low power consumption ~40 mW/cm2 

• Expected radiation load in ALICE Run3 and Run4                                     
<300 krad, <2.0x1012 1 MeV neq/cm2 

• In-pixel amplification/discrimination/multi-event buffering 

• In-matrix zero suppression 

• Triggered or continuous acquisition 

• High speed serial data output up to 1.2 Gb/s
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ALPIDE Production 
started December 

2016
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ALPIDE Technology

• High-resistivity (> 1kΩ cm) p-type epitaxial layer (25µm) on p-type 
substrate 

• Small n-well diode (2 µm diameter), ~100 times smaller than pixel => low 
capacitance (~fF) 

• Reverse bias voltage (-6V < VBB < 0V) to substrate (contact from the top) 
to increase depletion zone around NWELL collection diode 

• Deep PWELL shields NWELL of PMOS transistors (full CMOS circuitry 
within active area)
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ALPIDE production

• ALPIDE production started December 2016 

• Wafers are delivered on tape, mounted on a dicing 
frame 

• Double cuts to separate the chips from their neighbors
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=-3VBB  @ VCluster SizeResolution      
     W7-R10 Non Irradiated
     W7-R7 Non Irradiated
     W7-R17 TID Irradiated, 206 krad
     W7-R5 TID Irradiated, 205 krad
     W7-R38 TID Irradiated, 462 krad
     W7-R41 TID Irradiated, 509 krad
  3 / cmeq   W8-R5 NIEL, 1.7e+13 1MeV n
  3 / cmeq   W8-R7 NIEL, 1.7e+13 1MeV n

ALPIDE test beam results
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10 Pixels masked

=-3VBB  @ VFake-hit RateEfficiency     
     W7-R10 Non Irradiated
     W7-R7 Non Irradiated
     W7-R17 TID Irradiated, 206 krad
     W7-R5 TID Irradiated, 205 krad
     W7-R38 TID Irradiated, 462 krad
     W7-R41 TID Irradiated, 509 krad
  3 / cmeq   W8-R5 NIEL, 1.7e+13 1MeV n
  3 / cmeq   W8-R7 NIEL, 1.7e+13 1MeV n

• High detection 
efficiency > 99% 

• Very low fake hit rate 

• Spacial resolution 
~5-6µm 

• Cluster size ~1-2 pix
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MFT Ladders
Base element of the MFT detector 

• Provide interconnection between sensors and the outside world 

• Transport data to the detector periphery and slow control to the sensors 

• Provide proper power supply and reverse back bias to the chips 

• Ensure adequate stiffness for handling and assembly 

• Protect and insulate sensors

17

Sensors

5-Sensor Ladder
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Flex Printed Circuit
Sensors are interconnected to a Aluminum Flexible Printed Circuit (FPC) 

• Ensure data, slow control, reverse back bias and power supply from/to the 
sensors 

• Choice of Al and thickness: minimize material budget and voltage drop 
(impedance 100 Ω)

18

Sensor 0 Sensor 1 Sensor 2 Sensor 3Connector 
to Disk
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Ladder assembly - Chip Gluing
Automatic sensor positioning/gluing on FPC using a Module Assembly Machine  

• Automatic chip picking from the tray 

• Precise (5 µm) and automatic alignment on the chip vacuum chuck 

• If needed, electrical test of the chip (probe card station available) 

• Visual inspection of chip quality (edges,…) and alignment correction 
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Sensor tray

Sensor probe card

Sensor vacuum chuck 

Glue dots deposition 
using a mask
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Ladder assembly - Wire Bonding
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Positioning target on 
the chip

Chip bonding pads

Bonding performed at CERN bonding lab 

• Prototype production on-going, process optimization  

• Production Readiness Review scheduled Oct’18
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MFT Ladder qualification

Ladder test bench fully operational 

• Definition of the mass qualification process 
on-going 

• Definition of tested parameters 

• Operational threshold and margins 
definition 

• Automatic filling of QA database
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MFT Disk Structure
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Heat exchanger

Disk supportPCB

Ladders

HE assembled view

Cold plates (front and rear)

Manifold (In and Out)

Core

K13D2U

Rohacel 
31 foam
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Disk Prototyping and tests

• Disk Prototyping performed 

• Results from thermal test bench positive 

• Disk Production Readiness Review 
scheduled Dec’ 17
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Heat Exchanger

Support + PCB

Thermal test (no sensors)
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MFT Half-Disk Assembly

Automatic glue deposition by the robot 

Ladder are glued on heat-exchanger                           
(Dow Corning SE4445 CV Thermally Conductive) 

Finalization of the assembly process
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Reference spacer: 100 µm

Glue deposition thickness measurement

GANTRY Robot
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MFT Readout 
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Central Trigger 
Processor

x80 Readout Units

Tr
ig

ge
r

G
B

T 
op

tic
al

Clock

Copper links 
1.2 Gb/s high speed data 

80 Mb/s clock and control 

D
at

a 
A

cq
ui

si
tio

n 
an

d 
D

et
ec

to
r C

on
tro

l S
ys

te
m

 
(C

om
m

on
 R

ea
do

ut
 U

ni
t)

Control

Control

ControlData

Data

Data

GBT 
optical

GBT 
optical



R. Tieulent — VERTEX 2017 — 10/09/2017

Readout Unit
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6U size board 
Pre-production version under test

5 Firefly Inputs
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Readout Unit Common to ITS upgrade and MFT
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Readout Unit
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Marcus Johannes Rossewij

• 3 GBTx chip, 1 GBT-SCA chip 

• 1 VTRxSM (trigger) 

• 1 VTRxMM (data/control) 

• 1 VTTxMM (data) 

• XCKU060 main FPGA                 
(upgradable to XCKU095) 

• PA600L scrubbing FPGA          
(upgradable to PA3000L) 

• 7 LMZ31710RVQ DCDC                        
(10A, rad and mag 1T tsd) 

• J1 back connection for power supply    
(non VME) 

• SEU hardening specific solution  
(triplicated FPGA IOs)

Developed by ITS Upgrade team
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Summary

• ALPIDE chip under production 

• Most of the R&D finalized — no showstopper 
found  

• All Engineering Design Review successfully 
passed 

• Ladder production will start fall 2017 

• Disk production in 2018 

• Ready for commissioning on surface fall 2019 
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CERN-LHCC-2013-014

CERN-LHCC-2015-001


