Pixel sensor for ALICE ITS
upgrade & CIS






Size: 16 x 26 meters
Weight: 10,000 tons
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ALICE
(Participation)

35 countries, 120 institutes, 1300 members




A possibility in Korea



SI sensor In general

Mature technology
Reliable performance
-Ine granule

Higher energy and time resolution (than
gaseous Ionization detectors)

Key burden is cost.




Microstrip silicon sensors in particle physics: a success story!
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Typical PIN-type Si sensor
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6 incﬁ?abrication line

8 Inch fabrication line

IT.

R&D environment

MEMORAND

(1) Youngl Ewon, Mann-Ho C
{2) Edward Kistenev, Andrey &
(3] John Lajoie, Physics and As
{4)Yongsun Yoon, BT division,
{5) Evam-bum Chung, Elecrop]
{6) Zheng 11, SDDPL, Instnumn

{7) Jnsoo Eim, MNational Nano

Purpose & Scope+

The purpose of this MOT is t

the ‘Radiation damage and

planning to contrbute their ov. 0 ) e

studies. This MOT clanfies the areas of pe ries will

collaborate by sharing their expertize and se 300 C m2 ~ $ 500 ticipating

parties for the stated academic goal. +

o

Eesponsibilities Under this MOT+

A Dr E. Kistenev, and Prof I Lajoie, and Prof. Y Kwon will propose silicon semiconductor
detectors/devices to achieve acadamic goals i their field of mterast  in the expenmental nuclear
and high energy physics.+

B. Dr. Z. Li will design the proposed silicon semiconductor detectors/devices using standards
approved by mdustry for large area madiation hard 51 devices and will advice on the radiation
mduced defectsin Si devices. +

C. Dr. A Sukhanov will advice on the electronic design and implementation of the readout
electromics for silicon semiconductor device testing.+

D. Dr Yoon will mspect designs of the proposed detectors/devices and advise on matching design
ideas to fabnication technologies. He will also perform his own radiation hardness testing of the
deviceshe develops.+

E. Prof M.-H. Cho, Prof G T. Park, and Prof K B. Chung will advise on possible defects n
silicon sensors/devices and will study radiation defects in the produced sensors/devices exposed
to differentkinds ofradiation.+

F. Mr Kim, leader of nano| patteming process team in Natiomal Nanofab Center, will assist in
ﬁbl@:/z@@l of the silicon sensors/devices with university discount program and consult on details
of silicon detector/device fabrication process.+




Traditional Si sensor operation
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How do we make
(CMOS process
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Processed Wafer




New challenge



Current ALICE ITS
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ATLAS pixel readout cell I ATLAS pixel structure ?“ £
— 1 Pixel 50pum x 400um R
""""""""""""""""""""""" - ”H“,,_M,  fully depleted silicon R
logic || FIFO | | FF J: layer~300um 3y i
L Il | one dedicated
5 readout chip with
complex architecture
possible
- pixel pitch limited by
o e o bump bonding
high resistivity n-type silicon
;ﬁ;ﬁz&hw lurninium layer

fip chip P
bonding with—____ %57,
solder bumps X

Hybrid pixel general structure:

1 sensor layer ( detector grade fully depleted silicon )
O bump bonding (50 um pitch )

1 read out chip ( standard ASIC chip )

i
electronics chip

?_ '_.-:T--.-'- |
"" ~._ single pixel

read-oul cell
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ALICE ITS Upgrade
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Main Physics Goal
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Figure 2.10: Track impact parameter resolution in r¢ and z (current and upgrade).



The MIMOSA ( Minimum lonizing MOnolithic Active pixel Sensors ) idea
Working principle: Use of the epitaxial layer of STANDARD CMOS
microelectronic processes as detecting sensitive volume.

R.Turchetta, et al. , “A monolithic active pixel sensor for charged particle tracking | Front
and imaging using standard VLSI CMOS technology”, NIM A 458 (2001) 677-689 l l l l * l * illumination
1 . o S B rr i Paﬂ_iu'a.tio_rl layers and
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w

- small signal ~80 e-h/ um, epi 2-14 um
d Undepledet detecting volume, charge
collected by diffusion and not by drift,
INEgx cluster size ~ 50-100 um, collection time ~ 150 ns
g M3 1 ivel 3 transist -1 3T basic readout allows noise: -~ 15-20 electrons
: e i Maps.  d only N-MOS transistors allowed in pixel area
configuration - easy access to technology through multiproject
runs: ~5-50 Keuro
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First MIMOSAs implementation

Mimosal |l (IreS and LEPSI, IN2P3/ULP), Strasburgo, (2001)
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Sensor + Digitization
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Samsung SSKBAA

Ultra thin HD image sensor for compact mobile application

HD 1/8" 1.4um BSI Pixel Image Sensor provides;

* HD sensor integrated Image Signal Processor suitable for slim mobile phone, tablet and notebook
* High speed HD 30fps and VGA 60fps
"P * BSI sensors providing clear and sharp still images in low light, YSNR10 86 Lux
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Foundry Service
World Class Fabs. Top Quality Wafer

I CIS (CMOS Image Sensor) | SPECIALIZED FOUNDRY
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As of now

« Would 1t work?

— In physics?... ITS upgrade is approved and is
also top priority.

— Technically?... Probably, R&D might be
Initiated.

— Financially?
— Politically?



