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History of collaboration

& Structured collaboration 1n JPY2022 and approved as D_RD_23 project
& JPY2022 and JPY 2023 we had effective collaboration for AC-LGAD R&D.
& Exchanged staff and students to exchange expertise.

& This year is 3" year of the project.

& Newly included ASIC experts who are working on Electron Ion Collider (EIC)
experiment

& Strong collaboration with Omega lab in France.
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* Tentative Requirement

— (hadron collider) ~0(10'®)n, /cm? radiation tolerance
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150ps difference at R=1m

; e.g. Mass measurement
Solve pileup hits in an event K+ n+ separation for Long lived chargeno
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Operating and Planning Collider Experiment

N b International Linear Collider (ILC)
or ghest energy collider !

sl arge Hadron Collider (LHC experiment) / Focusing on Higgs measurement (e+e-)

13.6TeV Proton collider .
Preparing

construction

X

Electron Ion Collider (EIC)—_—

The Electron-lon Collider
A machine that will unlock mgemls of the strongest force in Nature

Planning Experiment

x10 Luminosity ‘
Approved & constructing

gh Lum1nos1ty Large Hadron Colhder (HL LHC)

High Energy LHC

Twice Energy

7 times Energy

14TeV Proton Collider

lbOTeV Proton Colhder
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Low Gain Avalanche Diode (LGAD)
& Low gain Avalanche Diode (LGAD)

& General #n*-1n-p type sensor with p* gain layer under »* implant to make very
high Electric Field at the surface.

- Good timing resolution. ,
Gain measurement (AC-LGAD):

&

o'
Gain=26.7 f_
' ' :  best timing resolusi
Slgnal drlvers : e Timing F:es.c:lugtg o, [ps] g u 5
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Time [ns]

Cartiglia et al., NIMA 796, p141-148, 2015
FJPPL 2024 23rd May, 2024 6


https://www.sciencedirect.com/journal/nuclear-instruments-and-methods-in-physics-research-section-a-accelerators-spectrometers-detectors-and-associated-equipment/vol/796/suppl/C

Spatial resolution of LGAD

& Segmented LGAD : ] :
| | . Normal-LGAD Al S10 5
& To have spatial resolution, strip sensors has been
processed.
¢ Need Junction termination extension(JTE) and p-stop g Low fill factor
L

structure to have individual gain layer 2
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Spatial resolution of LGAD

& Segmented LGAD : Normal-LGAD Al SIOZ

& To have spatial resolution, strip sensors has been
processed.

& Need Junction termination extension(JTE) and p-stop
structure to have individual gain layer 2

¢ Need optimization of n+ resistivity
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p+ doping concentration

Achievement : Spatial resolution

& Charge split : Impedance ratio

R imp

Read out principle of AC-LGAD

Q= Qo

7

imp Ccp
C e & Amount of produced charge:Q,
¢ Readout Charge :Q

signal readout
crosstalk/sharing

— Signal fit

Signhal MPV.
122.4%£5.5mV

— Pedestal fit

0.25 0.3
Pulse Height [V]

3 First fine segment AC-LGAD detector !
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Improvement of timing resolution
& To reduce Landau noise : Fabricated 50um, 30um and 20um thick sensors

& Signal size (amplitude) is smaller in thinner sensors.

&
&

FNAL 120 GeV proton beam Preliminary 20 FNAL 120 GeV proton beam Preliminary
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HPK 50 um FNAL board ¥  HPK 50 um UCSC boarc

¢ HPK 30 um FNAL board o HPK 30 um
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Readout ASIC development MEGA

Microelectronics
¢ HL-LHC upgrade : ATLAS High Granular Timing Detector (HGTD)

& Insert 2 disks of HGTD detector between Inner Tracker and Calorimeter.

& ALTIROC ASIC IJC/IN2P3
ALTIROCI ASIC

¢ Targetting a 25ps time resolution M _
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Secondary Ion Mass Spectrometry and Simulation

¢ SIMS measurement

¢ Analytical technique to characterize the impurities near surface(<30um) by

ionized secondary particles.

& Good detection sensitivity for etc down to
with

& Synopsys TCAD simulation

& Process simulation:
& Simulate implantation and resulting concentrations.

®

¢ Device Simulation :

& Simulate Electric field to understand the performance of silicon device.

& Possible to perform simulation for charge correction of MIP signal.

FJPPL 2024

SIMS system at Analyseur ionique du GEMaC

(CNRS/ UVSQ Umver51te Paris-Sacla —]I g o

. 3
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VTT low resistivity wafers
100 nm Screen Oxide, Etched
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CYRIC : Irradiation Facility in Japan
 CYRIC@Tohoku Univ.

— An 1rradiation facility with &

).

* 3-5 hours for 3x10"°n,,/cm? irradiation with (600nA beam)

— This allows 2-3 pixel modules with Al plate at the same '
time(3% E loss/module).

— Operated at with dry N, gas.
— Scanning over full pixel range during irradiation. S
— Historically French prototype samples have been tested i

at CYRIC as a collaborative work. % o 1R
* Facility for AC-LGAD development ( e é’;ege) MK
— Using this facility by sensor development very often
(KEK)

— In future, ASIC and module radiation tolerance test
will be performed to develop AC-LGAD module (1.e¢.
with sensor and ASIC)
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Exchange people and experience

Japanese team visiting IJClab and Omega lab
to learn and discuss electronics (ASIC) 2023.11

Japanese team visiting [JClab to discuss plan
and to exchange experience. 2022.9
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Summary

& Silicon tracking detector with spatial and timing resolution is promising to
improve physics performance for future collider experiment.

& AC-LGAD developed by HPK/KEK should be a strong candidate

& Need improvement especially for radiation tolerance n
& Laser setup to test general LGAD is in preparation at IJClab m

& ALTIROC ASIC developed for ATLAS HGTD detector 1
& This technology will help to readout AC-LGAD signal.

-> Synergy of these activities will make extremely effective R&D

& Existing collaboration with following Facility and expertise

& Secondary Ion Mass Spectroscopy (SIMS) 1

Mainly we request funding for
1) Exchange people between FR-JP share experience.
2) SIMS measurement to understand AC-LGAD

& CYRIC proton irradiation facility
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AC-LGAD collaboration

Collaboration for EICROC
EICROC

»2 Si- Ge B1CMOSMomst1c

@*% UNIVERSITE P,TLP‘S cO\ ' ,, e e S N1
NEVE ration ™ BROOKHFAEN
JP AC'LGA Sel’l Sap 80 a' O at O Fermilab NATIONAL LABORATORY

us- collaboration
AC-LGAD sens
i b \HENTHIHUZ
collabora 101}31 C

QS ASIC for EIC

HGTD (ATLAS LGAD) Sensor Development

Will focus on HPK AC-LGAD in this seminar ™ | ASIC Development
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