Radiation hardness of Carbon
enriched LGAD sensor
developed by IHEP-IME
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Radiation Concerns

Radiation Fluences = acceptor removal =» loss gain =

compensate gain =»increase bias voltage = maintain
charge & time resolution =» SEB (single event burnout)
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Collected charge as a function of bias voltage for different
fluences for HPK-3.2. Target charge: 4 fC at 2.5 x 10'®* n,, cm™2,
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HV stability in the beam:
» Bias voltages >700 V
» SEB risk for all sensors
» Permanent damage

Solution:

» Small acceptor
removal factor

» Thicker sensor

eam — dimensions are few tén; pfr?

HPK-P2 sensor at ATLAS
DESY 2020 test beam
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IHEP-IME LGAD Sensor Design
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Test unit including a LGAD
sensor and two PIN sensors

IHEP-IMEV2 1_4 layout mask
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carbon implantation

aluminum

50 um

p- substrate thickness

area = 1250 um X 1250 um Anode

C.+1+=C, vs Bs+Il&B;
Carbon competing for Interstitial with Boron

m Thermal Process

0.2C-10C Fast Annealing

7,8 0.2C-10C Longtime Annealing
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Sensor IV & CV

D Fast: 1100 C 1 min
L © Long Time: 700-1100 C 2.75 h ©
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Carbon Dose

Carbonated Sensor: IV, CV, leakage current, and V,
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Carbon Dose
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Bias Voltage (V)
€ Sensor simulation and test in good consistency

€ Carbonated sensor:
» Leakage current increase with carbon dose
> Vg slightly increase with carbon dose



Time Resolustion [ps]

Irradiated Sensor Test
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W?7-1l Sensor after 2.5 x 10 n,q cm™2:
» collect 4 fC with bias voltage < 350 V
» Time resolution around 40 ps at 450 V
» Acceptor removal factor about 1.2
> Efficiency higher than 95% at 450 V
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Acceptor removal constant [1e-16 cm?]

Carbon dose [a.u.]

W?7-Il Acceptor removal factor
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Radiation Campaign

Comparing with HPK, FBK, CNM, NDL, and USTC, IHEP-IMEv2

ATLAS-HGTD preliminary
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W7Q2 have the best radiation hardness. g \
» Smallest acceptor removal factor 5 % o
» Lowest bias voltage for 30-50 ps time resolution = a0 ——e-HRK-P2-W28p
> b I f 4 fC Ch ” . 8 -#FBK-UFSD3.2-W19
Lowest bias voltage for arge Collection € 0 e cnmrz96W1
» Reach HGTD specifications for 2.5e15 with < 450 V £, IHEPIMEVI-WI
> Survived in the test beam several days with man I DVt
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Thanks for your listening!
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