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Sensor requirement

• LGAD: low gain avalanche diode
Gain>10 or charge>2.5fC better 4fC

Breakdown voltage>200V

Irradiation hardness>6*1015 neq/cm2

• Status of other Institutions
HPK\FBK\CNM

Gain-- ok

Breakdown –ok

Irradiation hardness is not ok only 3*1015 neq/cm2

?Other things 
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Status
Sensor fabrication: first and second versions:
Company: maximum injection energy is 130keV, and diffusion temperature is 1150℃, 6 inch line.

• Buy wafers---done
Wafer type: 4 inch and 6 inch, 50μm 15kΩ.cm/low resistivity wafer, 15kΩ.cm FZ wafer

• Sensor design---done
about spaces between each structure and process for each structure

• Layout design---done
the space and field plate, including single sensors and 2*2\5*5 arrays

• Company to fabrication ---ok

• Mask---doing

• Process--- this week begins

• Sensor got---1.5 months then we can test them
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Status
Other institutions(that may also involved in this part)
 Beijing Normal University(BNU or NDL):
• 2x2 sensors (tested before irradiation , to be irradiated )

• Based on Epi layer (33um, medium resistance 100Ω~300Ω)
• Two type without guard ring (BV60, BV170), EPI layer resistance is difference.
• Three type with guard ring has been fabricated.
• will do proton irradiation in China and Japan, and X ray irradiation in IHEP

• 5x5 sensors ( MPW submitted, to be tested with ASIC)
• Full size sensor (to be submit after testing 5x5 sensor)
Beijing Institution of Microelectronics(IME):
• 8 inch line

• Injection energy is about 600keV
• Diffusion temperature is 1300C
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Towards HGTD TDR
• Sensor characteristic
Our sensor and results

Irradiation hardness

Guard ring optimisation

• Test
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Issues
• Time is urgent!

The first sensors should be finished asap and improve them 

• Irradiation hardness is important!

How?

（surface damage and bulk damage）

By deeper B implantation？

Or C spray？
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Further plan

• Finish the first and second versions and test

• Test the BNU sensors and more?

• Test about the failure or reliability? of HPK /CNM sensors

• Sensors fabricated by using higher injection energy(IME)

• Guard ring modify(simulation and fabrication)
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• Thanks!
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BACKUPS
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BACKUPS
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BCAKUPS

LGAD (Low Gain Avalanche Detector ) Structure Simulation, Design, Fabrication 
 TCAD model building, performance simulation, process simulation 

 Fabrication: draw layout mask, purchase high resistance wafer, modify process parameters, tape out IHEP 1st

LGAD
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BACKUPS
Chip design and process design:

1 Process simulation 2 Structure simulation
Gian layer doping

concentration vs

breakdown voltage and

Gain

3e16cm-3, Vbd>400V,

Gain>10

Gap size between JTE and

guard ring vs breakdown

voltage
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• Layout，real process and parameters
BACKUPS

wafer clean
JTE Implantation 
Deposit oxide layer, photolithographically etching the oxide layer, (mask 4/0)
Phosphorus ion injection, remove oxide layer, and thermally diffuse
P-stop Implantation 
Deposit an oxide layer, photolithographically etching the oxide layer, (mask 5/0)
Boron ion injection, remove oxide layer, and thermally diffuse
P layer Implantation 
Deposit oxide layer, photolithographically etching the oxide layer, (mask 38/0)
Boron ion implantation, thermal diffusion, and remove oxide layer
n++ Implantation 
Deposit oxide layer, photolithographically etching the oxide layer (mask 41/0)
Phosphorus ion implantation, remove oxide layer, and thermally diffuse
Deposit oxide layer
1.3 μm thickness, photolithographic etch oxide layer (mask 44/0)
Deposit metal layer
Photolithography etching metal layer (mask 45/0)
lithography etches out the window area (mask 25/0)
p++ Implantation 
Boron ion implantation from backside
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Process
1. Implant Phosphorus with N-JTE and WN-ring mask (dose=4e13<cm-2> energy=100<keV> diffuse

temperature=1200<C> time=10.0<min>)

2. Implant Boron with P-stop and DC-stop mask (dose=2e14<cm-2> energy=40<keV> diffuse 

temperature=1200<C> time=10.0<min>)

3. Implant Boron with P+ layer mask (dose=❓❓❓<cm-2> energy=100130<keV> diffuse 

temperature=12001150<C> time=60.0<min>) 

4. Implant Phosphorus N++ layer with mask (dose=1e15<cm-2> energy=40<keV> no diffusion)

5. Implant Boron from back without mask (dose=1e15<cm-2> energy=40<keV> diffuse 

temperature=1050<C> time=10.0<s>)
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BACKUPS:NDL sensor
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Doping profile for NDL sensor
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(UCSC measurement) IHEP measurement



Timing performance
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Laser test Beta test
(UCSC measurement)


