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ALICE upgrade in LHC LS2 (2019/20)

Physics objective
Improve physics reach
for rare probes: B, D, A,
via higher:
vertex resolution
tracking efficiency ;
readoutrate  =-e-_ [
Main improvements
Smaller beam pipe
New Inner Tracker
Muon Forward Tracker
GEM TPC readout chambers
Fast Interaction Trigger
New Online/Offline DAQ: 02
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New ITS layout: closer to IP,
more granularity and less material

Present New

First layer at 39 mm

First layer at 22 mm

Layers 1-2: Layers 0-2
Hybrid pixels 27 x 29 um
50 x 425 pm 0.3 % X,/ layer
1.14 % X, / layer Layers 3-6
Layers 3-4: 27 x 29 pm
Silicon drift 1.16 % X, / layer
250 x 294 um
1.2 % X, / layer '
Layer 5-6: /
Silicon strips P, e .
95 um x 40 mm - -

0.84 % X, / layer
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Silicon pixel detectors:
Hybrid -> Monolithic (MAPS)

electronics chip

100 pm
v
bump
sulatc
A :
4™ diode ~implant
-/* depletion
- zone
150 um | |/ doped silicon
sensor
v

particle track \\ =%
Pixel pitch: ~50 um
Material budget: ~1 % X, per layer

Custom technology ->
High cost
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Pixel pitch: ~25 um

Material budget: ~0.3 % X, per layer

Commercial technology- >
Low cost
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ALPIDE — ALICE pixel detector

C TTIT ==y * Towerlazz 0.18 um
- = CIS process
.: _oon — HIDEEP PWELL .
* 2 um low capacitance
YA N (~fF) NWELL diode
smreme WL e ~. " ¢ Deep PWELL shields
o100 PMOS transistors
e 25 um thick high
resistivity

(> 1kQ-cm) epitaxial layer

* Reverse bias (down to
-6V) to increase depletion
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ALPIDE — ALICE pixel detector
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* Chip size: 30x15 mm?
* Pixels: 1024x512

* In-pixel amplification,
shaping, discrimination and
multi-event buffer

AMP comp

>

* In-matrix data sparsification

Bias, Data Buffering, Interface

23/10/2018

* On-chip high speed data
link (1.2 Gb/s)

* Power consumption:
40 mW/cm?

More details on ALPIDE
in the talk by Thanushan Kugathasan
Thursday at 09:30
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Detection Efficiency (%)

Resolution (ocm)

ALPIDE — radiation tolerance
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e Radiation requirements:
e 270 krad
* 1.7x10%n,, /cm?

10°

©
©

e N 10°
Fake-hit Rate @ VBB=-3V X
— —e—  W?7-R10 Non Irradiated
—. —a—  W7-R7 Non Irradiated

96

107

Fake-Hit Rate/Pixel/Event

94 —o— —eo— W7-R17TID Imadiated, 206 krad

—8— —8—  W7-R5 TID Irradiated, 205 krad

—A—  —A— W7-R38TID Irradiated, 462 krad 10°
92 ¥ —s— —$— W7-R41TID Iradiated, 509 krad

\ —— —¢— WB8-R5NIEL, 1.7e+13 IMeV n, q/cm
W8-R7 NIEL, 1.7e+13 IMeV n, / cm’

e After 10x lifetime NIEL
irradiation
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From 3 to 5 times better
pointing resolution
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Detector-barrel construction

Quter layers

Total surface: 10 m?
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ALPIDE production started in 2017

OB assembly

1200 CMOS wafers 60,000 chips :
5 sites

CMOS Manufacturing Thinning & Dicing
Towerdazz (lsrael) FUREX (South Korea)

Wafer Probe Testing 50 pm Chip Series Testing
CERN CERN
ors/ l

T

100 pym Chip Series Testing
Yonsei, Pusan/inha (South Korea)
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# chips tested

ALPIDE series testing:
two main sites and one backup site

30000

25000 |-
20000 -
15000 -
10000 -

5000 -

0 L
Jul 2017 Sep 2017

— CERN
— Pusan
— Yonsei

\ i i
Nov 2017 Jan 2018 Mar 2018

Date
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; ;
May 2018 Jul 2018 Sep 2018

CERN:
Wafer testing
50 um chip testing

Yonsei:
100 um chip testing
24/7 schedule
1200 chips per week

Pusan/Inha:

100 pum chip testing
Backup site
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Fraction of NOK/Bronze/Silver/Gold chips

ALPIDE series testing - yields
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Fraction of chips in given category as a function of applied parameters

— NOK

—— Bronze
Silver
Gold

38 % BAD

' 25 % GOLD
- ///—/' 24 % SILVER

" 13 % BRONZE

Powering
Back bias
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| | |

DACs Memory Dead pixels

Inner barrel: GOLD only chips
Outer barrel: GOLD and SILVER
Outer barrel spare: BRONZE
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Inner barrel staves produced at CERN

Equip 3 innermost layers
9 chips per stave |
Chip thickness: 50 um

Aluminum FPC (Flexible
Printed Circuit)

Material budget: 0.3 % X,
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Placement of chips
oy the Module Assembly Machine

)

L nanl |
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weeks from production start

35 40

Vertex 2018

45

50

Production of 48 staves for first inner
narrel is completed

Yields:
HIC: 64%
Stave : 95%
Total: 61%

Additional
production:
24 staves for
spare half-barrel
16 spare staves
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Assembly of the first inner half-
barrel completed in June 2018

X\
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Production of Outer barrel modules in
Bari, Liverpool, Pusan, Strasbourg, Wuhan

__,.—r..oo.o..otoo ffffffff

2x7 chips

2 middle layers and 2 outer layers
14 chips per module

Chip thickness: 100 um

Copper FPC

2500 modules to be produced



Production started at all 5 sites
End of production: March 2019

400
350
300

Nominal production rate: 50 HICs/week
250

123 456 7 8 91011121314151617 1819 202122 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

PRODUCTION WEEK

emmwBarji essse|jverpool esswStrasbourg Pusan essse\\/uhan
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Module gualification
and endurance test

Every module is characterized by:
* Number of dead pixels
* Pixel thresholds
* Noise

All the qualified modules undergo
endurance tests of 300 cycles:
* Poweron

* Triggering

* Memory integrity scan
e Power off

e Cooling off
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Overall yield of HICs: ~85%

3 79 4.6%
. (o}

2.7%
4.2%
m GOOD FOR STAVE ASSEMBLY

m PARTIAL (1 chip missing)

= NOT WORKING - Mechanical Damage
© NOT WORKING - Permanent Short

m NOT WORKING - Undefined

84.8%

23/10/2018 Vertex 2018
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Middle and outer layer (OL) staves:
Daresbury, Frascati, LBNL, NIKHEF, Turin

54 middle layer staves:

2 half-staves
Power bus
x 4 modules

90 outer layer staves: woae
2 half-staves
x 7 modules

21
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OL stave assembly
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Assembled OL stave
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OL stave performance

Pixels
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Pixel noise and threshold values measured on stave
are compatible with single chip values.
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OB staves production:
planned end by August 2019

Jun Jul Aug Sep Oct Mow Dec lan Feh Mar Apr hay Jum Jul

15 ML Staves L4 bottom
: | : 12 ML Staves L3 bottom

~ 240L Staves L6 bottom | j
. § § M 15 ML Staves L4 top
! 21 OL Staves LS bottom ’ ’
E 5 12 ML Staves L3 top
24:01_ Staves L6 mm
| 21 0L Staves L5 bottom
2018 2019
23/10/2018 Vertex 2018
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All carbon fiber support structures are
ready for the barrel assembly at CERN

Half barrel structlire #1, view from A side

23/10/2018

L

g
Half barrelstructure #1, view from C side

Internal end-wheels are produced by INFN (Padua)

External structures (CYSS) are produced by LBNL (Berkley)
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nstallation in the cavern:
May 2020

23/10/2018 Vertex 2018
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New ITS readout chain

Inner Layers

9 data lines, 1 clock, 1 control

CHAD 00000 COOGMH MO0 DODDOT 000N GMLOWY  OMLAdiE

Middle Layers

A 000_1000

(4+4+4+4) data, (1+1+1+1) clock, (1+1+1+1) control

MODID = 001 MDD = 010

MODID = 011 RMODID = 100

MODID = 001 MODID = 010

Outer Layers

MODID = 011 MODD = 100

(7+7+7+7) data, (1+1+1+1) clock, (1+1+1+1) control

MOOID = 0 [ ule [ ] )

MODD = 011 MOOID = 100 WMODID =101

5 datz pairs,
1.2 Gbfs each

| ==k

16 data pairs,
400 Mb/s each

28 data pairs,
400 Mbys each

T T i GCID - 010 1 o0 = 011 =100 I =107 I T EIT] I
Detector barrel 8 meters
23/10/2018 Vertex 2018

Readout Unit

Readout Unit

Readout Unit

GBT optical

Data (3.6 Gby/s max)

Non-lonizing Dose:
1.6 x 10 n./cm?
High energy hadrons:

1 kHz/cm?2

28

CRU & 02

Total lonizing Dose: 5 krad




ITS Readout Unit — final version

SRAM-based Xilinx Ultrascale FPGA
Data readout
Trigger communication
Detector control and
monitoring
Power-system control and
monitoring

Production started in Sep 2018

192 boards + spares

to be completed by April 2019

G
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Global planning overview
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2016

¥ ALPIDE chip

Development

Hic and Stave

Mechanical Support

Development

Readout Electronics

Design & Prototyping

Y%

Stave Develop

0

Structures

Mar 2018 =

Design & Prototyping
EDR

2017
N

Sensor Series Production

Stave Mechanics

Nov 2017 <&

Feb 2018 -):I

| Dry Assembly Test |

2018
N

fisor Series Produc

HIC Production

$tave Production

Global Assembly

Production & Test

2019

Commissioning on surface

2020

May 2020

Installation —|
P

—

2017

Vertex 2018

2019

2020

the cavern
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summary

New ITS will feature
1000 times higher granularity
3 times lower material budget in the inner barrel

Production of all detector components has started
and is advancing well

Detector installation in the cavern in May 2020.
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