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The ATLAS experiment

ITK:the upgraded tracking system

u Large multi -purpose HEP experiment
u At LHC, CERN
u Upgraded for HL-LHC (2025+)
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Inner tracker: 'silicon pixel detectors

Outer tracker: Silicon strip detectors

layer (~30 cm from vertex) expected:

A 1.5-10'% n.,/cm 2 fluence

Bunch crossing: 25 ns



Hybrid Silicon pixel detectors in HEP 3

u One of the standard technologies for tracking systems in HEP experiments
u High resistivity Silicon substrate i
High and fast signal (charge ~ /" t w)
u High reverse bias voltage applied

u Good tolerance to radiation (  ~5-10% n.,/cm ?)

u Some limitations:
u Read -out chip bump -bonded to the substrate

u Expensive and time -consuming process




CMOS detectors 4

Read -out integrated with sensor u Charge collected via diffusion

Process used in many applications u Slow

u Robust B u Low signal

u Cheap u Radi ation tolerante?

Can we use them in the harsh HEP environment (HL -LHC)?
Necessity of depleting the substrate
Some modifications to the standard fabrication process:
u High resistivity substrate

u High reverse bias add -ons

p-substrate




CMOS detectors 5

Read -out integrated with sensor u Charge collected via diffusion

Process used in many applications u Slow (>> 25ns)

u Robust B u Low signal

u Cheap u Radi ation tolerant

Can we use them in the harsh HEP environment (HL -LHC)?
Necessity of depleting the substrate
Some modifications to the standard fabrication process:
u High resistivity substrate

u High reverse bias add -ons

u Deep N -well
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CMOQOS sensor development in ATLAS

u Large collaboration with many institutions involved

u Sensors produced by 3 foundries currently under investigation:
u TowerJazz (https://indico.cern.ch/event/615961/contributions/2659613

u ams (https://indico.cern.ch/event/615961/contributions/2659636 )

u LFoundry mssss) Subject of my talk

u Goal : fabricate and test a fully monolithic CMOS module for ATLAS
high luminosity upgrade ( 2025+)
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LFoundry process 7

u High resistivity wafer
u High bias voltage provided by multiple (4) nested wells
u 150 nm technology

u Radiation tolerant Large fill factor N-well

u Large fill factor approach W P-well
u Read -out inside N -Well v

u Back-side process

u Back biased
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LFoundry sensors

CCPD _LF LFCPIX
u Small prototype u Large prototype
u 5x5 mm? u 9.5x10mm 2

u CSA and comparator implemented in the sensor

u Can be capacitative coupled to standard R/O
chip or single pixel standalone read  -out

Y

Active CMOS
u  Submitted Sep. 2014 u  Submitted Mar. 2016

Design by SiLab Bonn, CPPM Marsellle, KIT Karlsruhe and Irfu

@ Silizium Labor Bonn

Institut de recherche
sur les lois fondamentales
de |'Univer




LFoundry sensors 9

CCPD _LF LFCPIX LFMONOPIX
u Small prototype u Large prototype u Large prototype
u 5x5 mm? 4 9.5x10mm 2 u 9.5x10mm?
u CSA and comparator implemented in the sensor u Full in-pixel read -out (FE-I3)

u Can be capacitative coupled to standard R/O
chip or single pixel standalone read  -out

Active CMOS Fully Monolithic
u  Submitted Sep. 2014 u  Submitted Mar. 2016 u Submitted Aug. 2016

Design by SiLab Bonn, CPPM Marsellle, KIT Karlsruhe and Irfu

@ Silizium Labor Bonn

Institut de recherche
sur les lois fondamentales
de |'Univer




Tests 10

u Signal in substrate and depletion with

u Edge -TCT (Transient Current Technique) u Test beam

HV
A ELSA facility (Bonn)

A 3.2 GeV electrons
A Telescopes available
(MIMOSA or FE-14)

Chip surface

.J IR pulsed

Depleted area
laser
Not depleted area

\

u Gain and noise on active structures
u X-ray characterization
u Different irradiations

Neutrons Protons X -rays



CCPD_LF and LF-CPIX: overview 11

Large (>60%) fill factor
Larger signal and collection area
Larger capacitance (noise)

CCPD _LF, size: 125x33 pm?

Base Line
FeedBack control

AC coupling source
follower Th
Psubstrate Read -out
3 oflavourso of Preamp
NMOS PMOS CMOS

T.Hirono HW [Raracterization of Fully Depleted CMOS Active
Pixel Sensors on High Resistivity Substrates for Use in a High Radiation

LFCPIX, size: 250x50 pm?2 (QYLURQPHQWpuH DU;LY



