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New Inner Tracking System based on CMOS sensors for ALICE

New Inner Tracking System (ITS)
* CMQOS Pixels
= improved resolution, less material, faster readout

- ™ : " LHCLS2
-' - 2019/20

- 6 layers: 7 layers:

2 hybrid silicon pixel all Monolithic Active Pixel Sensors
2 silicon drift
2 silicon strip
Inner-most layer: Inner-most layer:
-~ radial distance: 39 mm radial distance: 23 mm
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L. Musa — EIROforum,Topical Workshop, CERN, May 2018




Production

Beam pipe

Schematic view




ITS Planning (Simplified Global View)
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L. Musa (CERN) — ALICE Upgrade Asian Workshop, Hiroshima, lune 2018




Pixel Sensor

Monolithic Active Pixel Sensor
180 nm CMOS Image Sensor line

Pixel, Front End/ Digitization /Memory cell
/Readout electronics, all in one.

Size of 15(mm) x 30(mm) x 0.1/0.05(mm)
27(1)x29(u) pixel, 500k pixels

Low noise (efficiency 99%, fake hit rate < 10°)

Low power (40 mW/cm?)

NIM A824(2016) 434
M. Mager, on behalf of ALICE.

Radiation hardness:
~10% (1 MeV n,,/cm?), 2700 (krad)



Pixel Sensor
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Characterization of pixel sensor: participation by Pusan/Inha university and Yonsei University



Pixel Sensor
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Front-End Electronics: participation by Yonsei(Dongguk) university



Pixel Sensor

SEM cross-section of 2x2 pixels

Produced by Towerlazz, Israel

Finalized design



CMOS Production
produced by Towerdazz: 1123 wafer done

waiting for yield numbers

+ requests from other projects

shipped to Furex for thinning and dicing

2 wafers per lot to CERN for wafer probe testing and quick
feedback to foundry

M. Mager - Pixel Chip Production and Series Test — l1lth ALICE ITS upgrade. MFT and 02 Asian Workshop - Hiroshima. Japan - 11-13 June 2018




Probecard to test sensor

Electronics fabricated by NOTICE Prober fabricated by EQENG



NOTICE, Probecard electronics
(Anyang, Gyeonggydo, S. Korea)

i Joupe. % 4
% " -
40

SDB-2012

Shaper and Digitizer board SDB-2012
shaper and digitizer board is a electronic
board for Belle experiment in KEK
laboratory. It performs shaping of the
signals from calorimeter detector’s
preamplifiers. The shaped signal is
sampled and...

Custom electronics




EQENG, probecard prober
Sungnam, Gyeonggydo, S. Korea

Single (COF)

250 um

Tester : TB372 PIN Count : 26832 PINS Type : SPECIAL Pitch : 170 um
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FuRex, thinning & d
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Wafer Thinning & Dicing

Processed by FUREX, Korea (Die-picking of 50 u thick ones done by hand at CERN)
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Thinning and Dicing (50 pm for Inner, 100 pm for Outer Barrel) \
- done by FuRex: production ongoing b

- 100 um chips to Seoul (Yonsei University) and Pusan (Pusan and Inha Universities)

- 50 um chips to CERN ’,
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M. Mager — Pixel Chip Production and Series Test — 1Lth ALICE ITS upgrade. MFT and 02 Asian Workshop — Hiroshima. Japan — 11-13 June 20L&



Automatic Production Test Equipment

‘f__,__.,--'-""
ALICIA, IBS (Pusan/Inha) COREA-YS-01, C-On (Yonsei)




C-On, COREA-YS-01
(Namdonggu, Incheon, S. Korea)




COREA-YS-01 in operation
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ALICIA-2 @ Pusan/Inha towards outer barrel Hybrid Integrated Circuit production.
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Module assembly and distribution (100 um)
at Bari, Pusan, Liverpool, Strasbourg, Wuhan
production ongoing

Stave assembly




Under development

MEMSPACK
(Uiwang, Gyeonggydo, S. Korea)



Stave assembly TN i
at Berkley, Nikhef, Daresbury, Torino, Frascati
production ongoing ) 4

Detector integration
at CERN
ongoing

fi. fHager = Pixel Chip Production and Series Test = 33th ALICE ITS wupgrades AFT and 02 Asian Workshop = Hiroshimas Japan = 11-13 Jume 2014




Staves for Inner and Quter Barrel
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The 15t Assembly

Assembly of First Inner Half-Barrel Completed
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Installation & Commissioning Timeline

Activities in the ALICE PIT in 2020 ALICE

Install MFT

and FIT-C Install FIT-A

Bring TPC to
UX25

6 months
commissioning

Install cage and
central beampipe

LS2 ends
Install ITS

27 May

3 Feb ‘20 19 Aug 22 Feb 21

L. Musa (CERN) — ALICE Upgrade Asian Workshop, Hiroshima, June 2018




Outside near future discussions

Future experiments
o SPHENIX at BNL

o NICA(Nuclotron-based lon Collider fAcility) at Dubna

Nuclear medicine
o pCT



Summary & Prospect

We described the current status of the ITS upgrade with the focus on the contributions by the
Korean industry.

The upgrade includes fabrication and processing of ALPIDE, an advanced MAPS fabricated by the
CMOS image sensor process.

Medium and small sized Korean companies, FuRex, NOTICE, EQENG, and C-On have made
significant contributions in thinning & dicing, prober electronics, prober, and automatic test

equipment, and more contributions are expected from another Korean company, which shows
the strong Korean background in the ALPIDE-like sensor.

Application of ALPIDE to the next generation experiments and nuclear medicine is already under
discussion.

The collaboration appreciates the passion and devotion of the Korean engineers and technicians
from these companies, and welcome more contributions from Korea in similar future projects.
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