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Basic Activity Lines

Photon Detection Particle Detection
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Reach-Through Avalanche Photodiodes (RT-APD)
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Device O_ptimisation: Edge termination structures
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O Edge termination techniques reduce the parasitic effects induced by the charge and
defects at the passivation layers and interfaces.
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Device Optimisation: Edge termination structures
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O Overlap and Guard Ring structures should be placed at optimized distance to avoid

cylindrical breakdown and undesired electric field peaks at the multiplication junction edge.
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Device Optimisation: Breakdown & Dark Current
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O By an iterative process, the doping profiles and edge termination characteristics are
adjusted to optimize the electrical performances
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Device Optimisation: Gain fitting
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O N* and P - layer diffusion profiles determine the electric field
distribution at the multiplication region

O In order to fit the expected gain, multiplication region diffusions

P- layer

should be adjusted.
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@N" P m p* Device Optimisation: Gain fitting
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1D Simulated Gain and Breakdown voltage with respect to the Boron implant dose
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First technological processes (2 runs) . DeVice Fabrication
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" O Different sizes and layouts

Devices fabricated at the
IMB-CNM Clean Room
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* Square (10x10 mm?2, 5x5 mm2, 1x1 mm?
& 0,3x0,3 mm?2)
* Rectangular (10x5 mm?2, 10x1 mm?2, 5x3

mm2 & 5x1 mm?2)

U Different edge termination structures
* Overlap (20 pm, 50 pm & 100 pm )
* Guardring (at 10 pm, 20 pm & 30 pm)
U Different doping profiles to adjust the P-

I

layer effective charge - Gain fitting

* Single Phosphorus implant for a Gaussian

N+ layer

° Double Phosphorus implant for a step N+
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First Characterisation Results

On-wafer electric characterisation (Dice size=5x5mm) oo nne
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First Characterisation Results
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First Characterisation Results

Detection characterisation
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First Characterisation Results
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First Characterisation Results
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First Characterisation Results
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Strip Sensors

a. Irradiated devices suffer displacement damage that change their charge

collection dynamics
* Defects induced by radiation increase the electric field at the junction

of the N* diffusion
* The electric field increase leads to a multiplication of the collected

charge in irradiated devices

b. Project: fabricate a p-type strip detector with small gain 2> Similar signal
before and after irradiation
* Multiplication occurs at low bias voltage
* Gain should be limited between 2 and 10:
- Avoid Crosstalk
- Avoid exceeding the dynamic range of readout electronics
* Capacitance should not increase

- Higher capacitance > Higher noise
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Technological proposals
I. Trench filled with doped polysilicon along the centre of the strip pitch

A N* contact is created into the silicon bulk that modifies the
electric field in the collection region > multiplication

- 80um Poly trench
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Technological proposals

II. P-type diffusion along the centre of the strip pitch
— Under reverse bias conditions, a high electric field region is created
at the N*- P junction 2> multiplication

) 80um ~ P-type diffusion
> 8T1>m \

S5pum

«—> — p-stop
32um  20pm

wngge
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Simulation of the Electric Field
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Simulation of the Electric Field

High Electric Field peak
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~_ Strip Detector
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Simulation of charge collection: MIP
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We are developing a simulation
procedure to obtain the gain value
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Status of the Work: Fabrication

The fabrication run includes:
e Conventional Strip Detectors
e Poly Trench structures with

different trench depths:
— 5 um
— 10 pm
— 50 ym

e Structures with small P layer
along the center of the strip

e Devices with large P layer
along the center of the strip

e Oxide filled trench structures
with a P layer implanted

through the trench:
— 5 um
— 10 pm
— 50 um

CAM &
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Preliminary results: Strip Diodes

Now measuring in Liverpool (G. Casse) IVERSITY OF
In the framework of CERN RD50 LIVERPOOL
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