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 TRACS with LGAD structure
* TCT measurement on HPK Type3.1
* |rradiation prediction

e Summary and plan



Introduction of TRACS

 TRACS[1] is a multi-threading fast simulator tool of transient currents for silicon
strip detectors
* The transient current from Shockley-Ramo’s theorem:

—

i(t) = qu(t)Ey
* The electric field from the Poisson's equation:
V2 = _p(T)

€

& advantage compared to WeightField 2

e Multi-threading to reduce execution time when fitting

» Predict irradiated detector behavior(electric field, charge collection) and extract
detector parameters(effective space charge, trapping time) by fitting

[1] J. Calvo, TRACS: A multi-thread transient current simulator for micro strips and pad detectors, Nuclear
Instruments and Methods in Physics Research Section A, Volume 917, 11 February 2019, Pages 77-85



TRACS with LGAD structure

The design of LGAD is based on a modification of doping profile.

An additional thin, highly doped layer of p+ material is introduced close to the n-in-p junction.
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A Gaussian function to the doping is one of the inputs for LGAD simulation.

---- effort from Ryuta Kiuchi, Jordi Duarte Campderros, Marcos Fernandez Garcia
https://gitlab.cern.ch/ihep-rd50/tracs

This doping profile is measured in CV curve at the probe station.



TRACS on HPK Type3.1

Effective doping profile Electric field
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* Doping profile is extracted from CV measurement to describe gain layer as input.
* Constant effective space charge in PIN leads to linear electric field.

* The gain layer in LGAD leads to pretty high electric field near the surface.
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TRACS on HPK Type3.1

Current contribution using edge IR laser on PIN and LGAD
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* From edge IR laser simulation:
* The PIN current is dominated by initial holes.

* The current from generated holes contributes equally to total LGAD current.
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TCT set-up at CERN Solid State Detector lab
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Schematic view of the edge-TCT technique

Experimental set-up

Edge-TCT is discussed in next slides. Thanks for the support from M. Moll’s group!

Thanks the help from Marcos Fernandez Garcia, Isidre Mateu, Yana Gurimskaya, Moritz Oliver Wiehe
and other colleagues!
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TCT measurement on HPK Type3.1 PIN

Waveform at different Vbias
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TCT waveform with TRACS
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 The signal becomes larger as bias voltage goes up from 0V to 200V and it goes to saturation.

* Relative collected charge is calculated by integration of voltage to time from Ons to 20ns dividing the

laser power.

* The charge from TCT is estimated to be 70 at -200V in detector region(0Omm — 0.05mm).
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TCT measurement on HPK Type3.1 PIN

Waveform at different Vbias
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—— TRACS simulation

* Velocity profile is calculated by integration of voltage to time from Ons to 0.5ns.

* Linear velocity profile is extracted, which is positive correlation to electric field: v=u(E)E

e TRACS simulates PIN electric field well with TCT measurement result.
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TCT measurement on HPK Type3.1 LGAD

Waveform at different Vbias TCT waveform with TRACS Charge collection in 20ns at -200V
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» Signal goes up quickly once over depletion voltage ~48V, no saturation.
* The charge is estimated to be 1750 in detector region(Omm — 0.05mm).

* The gain of LGAD is calculated to be 1750/70 = 25.
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TCT measurement on HPK Type3.1 LGAD

Waveform at different Vbias Velocity profile Electric field
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* Velocity profile is pretty high near the surface where the gain layer is.

* A small second peak in velocity profile is shown near bottom, caused by the different carrier density
between p bulk and p++ layer.

* The high electric field caused by thin gain layer is hard for laser to detect, which is one of the reasons

why the electric field from TCT cannot agree well with TRACS. Further study needed.
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Irradiation prediction on LGAD

_Effective doping profile Electric field
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* Doping profile decreases to 1e16cm-3 by experimental CV measurement, which is used to describe the

effective doping profile after irradiation.
 The electric field close to the surface becomes lower after irradiation

---> need to be compared with TCT measurement
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Irradiation prediction on LGAD

Current contribution using edge IR laser on LGAD before and after irradiation of 1e15
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* The current contribution from generated holes decreases after 1e15 irradiation.

* The signal shape changes after irradiation.
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Irradiation -- acceptor removal effect

* Acceptor removal effect is being considered to predict the effective doping profile after irradiation.

pa(9) = gesrd + pa(0)e™?

Acceptor creation by deep traps \

The initial acceptor removal mechanism

8o = 0.02cm?, ¢ the irradiation fluence, pa(0) the initial acceptor density,

pal®) the acceptor density after a fluence ¢, c a constant depending on pA(0) and the type of irradiation.

4th June, 2020 36th RD50 Workshop, TRACS development for LGAD sensor 14



Summary and plan

e LGAD structure has been added to TRACS and preliminary simulation has been compared with

TCT measurement.

* Irradiation prediction based on doping profile from CV measurement could give us some

information about the LGAD, and experimental measurement is needed.
(] Difference on electric field between TRACS and TCT measurement needs to be further studied.

1 Add acceptor removal effect to TRACS.
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TRACS Laser carriers

* |IR(1064nm) laser for edge injection and red(640nm) laser for top injection are
generated to be as input for simulation.

IR edge laser Red top laser
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Collection charge and laser power

o Laser Power
Charge collection in 20ns
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