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Time resolution
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Inter-pad(IP) gap or2x2 LGAD arrays

Gainon single pad sensors

Summary and outlook
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Motivation

Low GainAvalanchédiode (LGADs)sensors

Originallydevelopedoy CNM to explore the possible improvement towards radiation
hardnesgthrough charge multiplication)

Later proposedfor timing applications

Achieving a time resolution of abo@0 psbefore irradiation

Interestto study LGADs and theiperformance ahigh fluences beyond 10* n,/cm?

Performanceremains challenging due to degradation of the gain layer

Investigatenew dopingmaterials (B, Gajubstrates and new geometries

Deliver thin sensors providing good time resolution, fine segmentation, radiation hardness

ATLASand CMS experiments have chosen the LGAD technologyhfeiH igh
GranularityTimingD etector (HGTD) and for theEnd-Cap TimingLayer (ETL)

ATLAS: 4 fC at 2.5<10% n/cn¥ at (max)600V, S0pstime resolution (alk)
CMS 10fC at 1.5¢<10" n./cn¥ at (max)600 V, 50pstime resolution (talk)
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https://indico.cern.ch/event/797047/contributions/4455187/
https://indico.cern.ch/event/861104/contributions/4514661/

Radiation damage

Silicon pixel detectors are especially important for the precise determinatidracks and
vertices enabling the selection of interesting events throughitiemtificationof b-jets (btagginy

Particleaccelerators are improved to further probe the energy frontier delivermgherenergies
andincreasing the number of collisions per unit  time

At High Luminosity LHC (HELHC):
The numberof collisions peibunchcrossingwill be increased
Theinstantaneoutuminositywill be approximately &actor of ~5 higherthan theLHC nominalalues

Several LHC experiment stdystems will requir@nupgradein order to cope with the high rate, hit
occupancy and radiation environment ~

Two main types of radiation damage:

Bulk damage due to Non lonizing Energy Loss (NIEL)

Effective doping concentration, acceptor removal, leakage current, tra,,, sw s = " am
R2E proje: M\A il -P5 m‘ installation
Surface damage due to lonizing Energy Loss (IEL)
Accumulation of positive charge _—— e e mgge e B
_ . e s Exa B
New solutions have to be found for the silicon sensors and

DESIGN STUDY & 7 PROTOTYPES / CONSTRUCTION | INSTALLATION & COMM.| PHYSICS

the associatedront-end electronics

HL-LHC CIVIL ENGINEERING:
DEFINITION EXCAVATION BUILDINGS
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CNM LGAD technologies

A CNM Run 10478 B, B+C, h
10924 Ga (2017-2018)

50 um active thickness
4 6 -orgSi wafers
W4 B:wox o phid x 1 ¢hld * p oo

W5 B+C:o x o i x T ¢fw

WXPPTMPT MW

W6 Ga.
WX o¢ @ * Tt P mhd X pTI o

Expected gain higher than 20

B dose S
1.5x10'3 at/cn? m
Ga dose: | f
6x103 at/cn? o

1.0mm

/CNM Run 13002 EPI (2021)
60 epitaxial
55/525um

/ CNM Run 12916 AIDAZOZO\
50 pum active thickness
Ston-Siwafers

W* o Phd x T chd x Yu at
room temperature

B dose 1.8<10'3 at/cn?

TOE] Z ATLAS 5x5, 1.3 mm, IP 37

Substrate resistivity = 0.00165cm
Eptlayerr e si st i vemt y

WX oTmhd*xocuvid x 1 1T abd

\

waf e

ATLAS 5x5, 1.3 mm, IP 47

SrEE

room temperature

B dose2x10!3 at/cn?

ATLAS 5x5, 1.3 mm, IP 57

LGAD Pad, 1.0 mm, IP 57
LGAD Pad, 1.0 mm, IP 47
LGAD Pad, 1.0 mm, IP 37

PiN Pad, 1.0 mm, IP 37
PiN Pad, 1.0 mm, IP 47
PiN Pad, 1.0 mm, IP 57

PiN Pad, 1.3 mm, IP 37

PiN Pad, 1.3 mm, IP 47
PiN Pad, 1.3 mm, IP 57

LGAD Pad, 1.3 mm, IP 37
LGAD Pad, 1.3 mm, IP 47
LGAD Pad, 1.3 mm, IP 57

Multiplication Layer P-Stop

f
JTE

Collector Ring
ATLAS 2x2, 1.3 mm, IP 57 High resistivity epitaxial wafer
ATLAS 2x2,1.3 mm, IP 47
ATLAS 2x2,1.3 mm, IP 37

ATLAS 2x2, 1.0 mm, IP 37
ATLAS 2x2, 1.0 mm, IP 47

Low resistivity epitaxial wafer
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https://indico.cern.ch/event/637212/contributions/2608652/
https://indico.cern.ch/event/719814/contributions/3022492/
https://indico.cern.ch/event/896954/contributions/4106303/
https://indico.cern.ch/event/896954/contributions/4106303/

Current (A)

Electrical characterization
(I-V room temperature)

Unirradiated
devices
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Electrical characterization Ulfiecizies
(C-V room temperature) devices
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