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RADIATION HARDNESS REQUIREMENT ON VERTEX DETECTOR

• Radiation tolerance (per year): 1 MRad &2×1012 1 MeV neq/cm2

• Need to re-visit the radiation hardness requirement
• For smaller beam pipe design

• May need to deal with higher dose (need input )
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CMOS PIXEL SENSOR
• Monolithic pixel (CMOS imaging CIS process or SOI process) is ideal for CEPC application

• low material budget (can be thin down to 50μm)

• Material budget is about 5-10 times smaller than Hybrid pixel technology

• Lots of development on going:
• CEPC Jadepix and Taichu chip…

• ATLAS CMOS pixel development
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Hybrid pixel
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TWO TYPE OF CMOS SENSOR

CEPC Jadepix and Taichu

AMS and Lfoundry (CCPD for ATLAS) 
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• TJ180 CIS technology
• Neutron Irradiation up to 1013 Neq/cm2

• Signal to Noise ratio above 50 after irradiation
• Jadepix-1 met CEPC requirement

CEPC JADEPIX-1 RADIATION HARDNESS

Signal Noise
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LFOUNDRY HV-CMOS SENSOR
Ø Lfoundry HV CMOS technology
ØProton Irradiation up to 1015 Neq/cm2 : efficiency ~99% after irradiation 
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LFOUNDRY HV-CMOS SENSOR

ØX ray irradiation up to 50Mrad  
ØTiny impact to overall efficiency
Ø20% higher noise
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ØAMS 180nm CMOS technology (for ATLAS pixel ) , HV-CMOS
ØProton Irradiation up to 1015 Neq/cm2

ØCollected charge decreased to 30% after irradiation
Ø Still much higher than noise level (100~200e), still have high efficiency 

AMS HV-CMOS SENSOR
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MALTA CHIP DEVELOPMENT FOR ATLAS PIXEL

ØTJ-180 CIS technology
ØProton Irradiation up to 5*1014 Neq/cm2
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MALTA CHIP DEVELOPMENT FOR ATLAS PIXEL
ØTJ-180 CIS technology
ØNeed to modify lots of process to reach 1015 Neq/cm2: efficiency ~97%



• Need to re-visit the radiation hardness of vertex detector for small beam pipe
• CEPC vertex detector requirement in CDR 

• Radiation tolerance (per year): 1 MRad &2×1012 1 MeV neq/cm2

• CEPC Jadepix study showed TJ180 technology works after 1×1013 1 MeV neq/cm2

• ATLAS CMOS sensor R & D showed
• CMOS sensor can work at fluence 1×1014 1 MeV neq/cm2 , 50MRad 
• Lfoundry HV-CMOS technology performed better in high does
• Need modifications for TJ-180 technology to reach 1×1015 1 MeV neq/cm2

• Inefficiency start to show up after 1×1014 1 MeV neq/cm2

• For CEPC design: 
• Vertex detector better to operate below the fluence 1×1014 1 MeV neq/cm2

• Otherwise, we need to re-visit the pixel technology
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SUMMARY
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MODIFICATION OF TJ180 TECHNOLOGY

Modification of TJ-180 CIS technology to increase its radiation hardness  
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MODIFICATION OF TJ180 TECHNOLOGY
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VERTEX DETECTOR WITHOUT ENDCAP ?
Ø Long barrel was not ideal in the past, with hybrid thick pixel sensor (300μm)

Ø Charge sharing in small incident angle track help to improve resolution
Ø Large incident angle track cause large charge sharing à low S/N
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VERTEX DETECTOR WITHOUT ENDCAP ? (LONG BARREL )
Ø Using thin CMOS pixel sensor, charge sharing effect is small

Ø Cluster size and charge sharing can be control using thin active layer silicon
Ø In-pixel amplifier in electronics improved S/N
Ø No major technical issue of long barrel design

Conventional pixel detector


