Radiation hard SiPM development

Zhijun Liang ( IHEP )
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SiPM introduction

SiPM--silicon photomultiplier: advantage:

® High resolution lactric
® Single photon counting signal

The goal is to develop Radiation hard SiPM
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Radiation SiPM application

Astrophysics: Space station scientific experiment (Herd .

Collider physics: calorimeter application

m CMS timing layer, calorimeter
m CEPC calorimeter and time of flight detector

CEPC PFA
calorimeter
prototype

Barrel Timing Layer
LYSO + SiPM

Endcap Timing Layers (ETL)
LGADs

)

GECAM

CMS Calorimeter



SiPM radiation hardness challenge

After 10 year operation of CEPC, fluence is above 10** n.,/cm?

SiPM typically work below 1krad or 10° n.,/cm?fluence

® Performance drop after 1krad or 10° n,,/cm?

B [n great need to develop radiation hard SiPM

Long term Satellite

or Space station

application

TID does 100 krad
~1079 ng,/cm?

CEPC
requirement

>100 krad
>10"3 ng4/cm?
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SiPM Radiation hardness

After 10%° n.,/cm? or 10Krad dose Energy resolution
, before/after irradiation
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SiPM radiation hardness theory

SiPM signal gain decreased after irradiation ( p+ acceptor removal )
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diation hard Low Gain Avalanche Detectors (LGAD)
IHEP developed radiation hard Low Gain Avalanche Detectors (LGAD)

Developed for ATLAS high granularity timing detector

LGAD and SiPM has similar structure

B Good foundation for radiation hard SiPM development

LHC ATLAS experiment
High granularity timing detector
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LGAD sensor after Irradiation

IHEP-IME LGAD with carbon-enriched doping

m Significantly lower acceptor removal ratio, the most irradiation hard LGAD sensor by far
After 2.5x10%* n.,/cm?, IHEP LGADs were operated at voltages below 350 V, avoid HV breakdown

m Test beams at CERN and DESY, confirm the feasibility of LGAD timing detector for HL-LHC

B |HEP made a leading contribution to radiation hard LGAD sensors
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LGAD pre-production for ATLAS experiment
IHEP-IME sensor Won CERN tendering for ATLAS timing detector

m |HEP-IME: 78% (54% from CERN tendering+24% in-kind contribution)
B CNM: 12% in-kind contribution
m USTC-IME: 10% in-kind contribution
The first time that Chinese irradiation hard sensor used at LHC experiment

Pre-production LGAD sensors from China

Share of
production

between vendors USTC-IME

Pre-production

CNM 12%

USTC-IME
10%

E
IHEP-IME
Pre-production

* 15x15 array sensors and
test structure

* 52 sensors on one 8inch
wafer



SiPM dark count after irradiation

Bulk damage after irradiation = dark count increased

Potential Solution:

B Design a special wafer to isolate the dark current from bulk damage

Special wafer
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Leakage current of LGAD before irradiation

First trial of this special wafer idea in LGAD development

m The leakage current of IHEP LGAD is low before irradiation

Bias voltage Vs Dark current (HPK LGAD) Bias voltage Vs Dark current (IHEP LGAD)
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Leakage current of LGAD after irradiation
After 200 MRad TID dose

® |HEP LGAD showed a low leakage current
m Validate the idea of special wafer

Bias voltage Vs Dark current (IHEP LGAD)

Bias voltage Vs Dark current (HPK LGAD) Dark current © ~2*108A

Dark current : ~107A
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Time line for radiation hard SiPM

2023 15t half :SiPM irradiation hard design validated in LGAD engineering run
2023 2" half : 15t Dedicated SiPM engineering run submission
2024: 1~2 more dedicated SiPM engineering run

2025: built modules or working device based on radiation hard SiPM
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SiPM sample from 1st trial MPW run

SiPM test system

| Pulse generator[

Synchronous LED/Laser
pulse .
Signals —%
I | I
readout board
K7Amplifier

t

- Oscilloscope — Data analysis
t,, trigger

Typical SiPM signal

SiPM layout and process has been validated

Found a bug in design

SiPM Leakage current is a bit high in 1st trial run
 Pstop and GR design has some issue
» Optimized the design for engineering runs
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Development for radiation hard SiPM

m Aim for CEPC and Astrophysics application
Key technology has been validated in ATLAS HGTD detector project

®m Radiation hard LGAD sensor developed by IHEP team
®m First domestic Radiation hard silicon sensor used in LHC experiment

Radiation SiPM R & D project

m 1sttrial run has been submitted, and preliminary result obtained
m Dedicated engineering run by the end of this year
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Barrel Timing Layer
LYSO + SiPM

=

]

Annihilation

Endcap Timing Layers (ETL)
LGADs

20



|AYMIZEE © SIPMRBYREITER

H 2N ERN S SensIZyalfYSiPME E PR _E $5tHY
E| N LALIMRRY SiPMafER
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_ EIAEHASIPM | Sensl SIPM__| JLIFANDL SiPM

3.0*3.0 mm? 3.0*3.0 mm? 3.0*3.0 mm?
|%‘,EE’JH§1+*& (keps) 2000 860 ~6000 |
Pitch 10 um 28 um 10 um
Micro-cell Number 90000 10998 90000

Peak PDE 10%@470nm 24%@420nm 31%@420nm
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1st MPW runs for radiation hard
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SiPM design
SiPM simulation
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