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High Luminosity LHC Era is coming
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Å LHC beam optics and injectors are upgrade to increase the intensity

Å Purpose to increase the LHC performance to maximize the potential for new 

discoveries after 2029

Å The luminosity will increase from 1.7 x 1034 cm-2s-1 up to 7.5 x 1034 cm-2s-1

ÅCurrent collected data (2009-2025) : ~ 400 fb-1

Å Target luminosity (2029-2042) : > 3000 fb-1 (1 year data equivalent to ~ 10 

years of collected data)

Today
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Å The luminosity will increase from 1.7 x 1034 cm-2s-1 up to 7.5 x 1034 cm-2s-1

ÅCurrent collected data (2009-2025) : ~ 400 fb-1

Å Target luminosity (2029-2042) : > 3000 fb-1 (1 year data equivalent to ~ 10 

years of collected data)

Å About 400 collisions/beam crossing (expect a lot of pileup events) 

Å ~130 vertices in one bunch collisions

ÅNeed to weed out the experimental observables in pileup events
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ÅGo to 4D tracking : need precise timing information (timing resolution ~ ætå 30 ps)
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ÅGo to 4D tracking : need precise timing information (timing resolution ~ ætå 30 ps)

Particle ID will be possible !!!

Wonderful advantage for 

Heavy ion crew
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Mip Timing Detector (MTD)

6

ÅMTD will be installed at the space between tracker and calorimeter.

Å Barrel Timing Layer (BTL) : LYSO crystal + SiPM

Å Endcap Timing Layer (ETL) : LGAD sensor + ASIC (ETROC)
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ÅMTD will be installed at the space between tracker and calorimeter.

Å Barrel Timing Layer (BTL) : LYSO crystal + SiPM

Å Endcap Timing Layer (ETL) : LGAD sensor + ASIC (ETROC)

Å Korean CMS group is responsible for 25 % of MTD Endcap Timing Layer (ETL) 

production.
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Design of MTD ETL
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ÅTwo double-sided disks for each side

ÅMaximize geometrical acceptance 

(85%/disk)

ÅWidened coverage : 1.6 < |ɖ| < 3.0

ÅAverage of 1.8 hits per track

ÅTime resolution per track < 35 ps

ÅLow-Gain Avalanche Diode (LGAD) sensor 

bump boned readout ASIC (ETROC)
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Low Gain Avalanche Diode (LGAD) sensor
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Å LGAD characteristics 

Å 16x16 pixel matrix, 1.3x1.3 mm2 pixel size

Å Highly improved radiation tolerance

Å Very low gain factor (10-30) : excellent S/N ratio

Å Thin implanted gain layer (35-50 ɛm)

Å Gain uniformity (>8 fC of charge)

Å Additional gain layer : highly boron-doped thin layer

Å Able to generate the high E filed enough charge 

multiplication
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Korean CMS MTD Group
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ÅHeld 1st intensive MTD workshop in Gangneung, Korea

Å4 institutions and ~ 20 members
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Korean CMS MTD Group Contributions
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ÅParticipated wafer market survey 

ÅLGAD post-processing, bump bonding and module assembly
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Market Survey for wafer companies
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ÅContributed to market survey : comparison study of wafer companies. 
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Test setup for wafer and sensor level
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Å Six probe arms that use magnets to connect with 

the station

Å Signal read-out, bias voltages supplying, and 

4 for grounding

Å Two types of tray available for wafer-level and 

sensor-level tests

Å KCMS will prepare a probe card and switching 

matrix for 16x16 sensors

Probe card

Switching matrix
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Test results for wafer and sensor level
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ÅBias voltage applied from 0 V to -350 V

ÅTested in room temperature

ÅBreakdown voltage 

ÅVBD ~ 320 V in W14 and VBD ~ 250 V in 

W18

ÅNot depending on the sensor structures in 

the W14

ÅComparable with Torino group results

UFSD-K1 (HBK)

Full size

16x16

Test structure

1x1, 1x2, 2x2, 5x5
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Bumping and flip chip bonding 
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ÅBump bonding test with dummy wafers

ÅSearching for appropriate venders

ÅResistance test, 3D imaging inspection

Resistance test



10th ATHIC 2025 @ India, 2025/01/15, Dong Ho Moon

Module assembly
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Module assembly
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ÅVisiting Fermi Lab. to participate assembly process

ÅPreparation of the full assembly process is 

completed and ready to go. 

Å50% throughput demonstration with mockup 

components ongoing at assembly sites.

ÅRobotic gantry shows good subassembly alignment 

below the 100 ɛmlimit.
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QA/QC preparation at Korea site
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ÅBuilding Quality Assurance (QA)/Quality Control (QC) facility in Korea

ÅLeakage current, breakdown voltage, VGL uniformity etc.
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Irradiation test in KOMAC
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ÅIrradiation damage has been tested with beta source 

(90Sr) at FBK

ÅSingle event burn-out (SEB) observed at high radiation 

environment

ÅFollow up irradiation test has been carried out at 

KOMAC facility in Korea (100 eV proton beam)

KOMAC accelerator

Å Beam size : 30 mm

Å Beam flux : 1010 ~ 1011 /pulse

Å Beam energy : 20 MeV, 100 MeV
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Irradiation test in KOMAC
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ÅFollow up irradiation test has been carried out at KOMAC facility in 

Korea (100 MeV proton beam) 

Å2 LGAD itself

Å2 Bump-bonded 

dummy wafer + chip

UFSD-K1 (after post process)

ÅAnalysis is ongoing. 
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Summary and plan
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ÅCERN-Korea CMS sign up MoU in 2022

ÅKorea CMS is responsible for 25 % of LGAD sensor, post-process, module 

assembly of MTD ETL production. 

Å2.2 MCHF budge approved by National Research Foundation (NRF)

ÅFirst Korea-Italy LGAD sensors (UFSD-K1,K2) were produced, and 

evaluation is ongoing in Korea.

ÅQC/QC facility is ongoing to build.

ÅIrradiation test results are ongoing to analyze.



Backup
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Advantage for heavy ion crew 
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Å Post process KNU, KU
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Timing Resolution
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Å Post process KNU, KU
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MTD BTL
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Å Post process KNU, KU



10th ATHIC 2025 @ India, 2025/01/15, Dong Ho Moon 26



10th ATHIC 2025 @ India, 2025/01/15, Dong Ho Moon 27



10th ATHIC 2025 @ India, 2025/01/15, Dong Ho Moon

ETROC test in Fermi Lab.
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Test results for wafer and sensor level
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UFSD-K1

(HBK)
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