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Can a Synopsys based model be ported into Silvaco?
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Perugia radiation damage model

Perugia 2019 surface damage model

Acceptor-like Donor-like

Energy (eV) Ec - 0.56<Er<Ec Ey <Er <Ey +0.60

Width (eV) 0.56 0.60

Dir (eV~'em™) Drr,.. (¢) Dire,, (¢)

N (¢) cm™) N, (0) + ANir. (¢) Nity,, (0) + AN, (¢)

Oelectrons (sz) 1.00 x 10716 1.00 x 10715

Oholes (€M?) 1.00 x 1078 1.00 x 107'®
Fixed oxide charge

Qox (¢) (cm™) Qox (0) + AQox (¢)

TCAD Modeling of Surface Radiation
Damage Effects: A State-Of-The-Art Review,
A. Morozzi et al., Frontiers in Physics 2021

New Univ. of Perugia bulk damage

Acceptor Acceptor Donor

Energy [eV] Ec —0.42 Ec - 0.46 Ec -0.23
n [em™!1] 1.6 0.9 0.006
o [em?] 1.0x10°5  70x107% 23x10714

o, [em?] 1.0x107% 70x10713 23x10°15

N Na,puik(0) + gcd O<¢p <3 X% 103 neq/cm2
A,bulk =
4.17x10 - In(¢) — 1.41 x 105 ¢ > 3x 10" nyq/cm?

where g, = 0.0237 cm™'.

TCAD simulations for radiation-tolerant
silicon sensors, A. Morozzi et al., Vertex 2023
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Physics models

* Fermi-Dirac statistics

* Scharfetter - Shockley Read Hall recombination
* Schenk band-to-band tunnelling

e Slotboom bandgap narrowing

* Van Overstraeten impact ionization model
— Massey model not available in Silvaco
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imulated structure
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Scenarios & observable

Simulated scenarios

e Radiation damage models: bulk only & bulk + interface
* Fluences: 1.5x10% & 1.0x10%* n,,/cm?

* Temperatures: 248 & 300 K

Observables

* |V & CV curves

e Electric field profiles

* Traps ionization profiles
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RESULTS
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First, results for unirradiated device
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Models: just oxide charge at the interface, no traps

Slight difference in breakdown voltage, potentially mesh related
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Irradiated device: IV curves
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Models: full model (oxide, bulk and interface traps)
T=248 K: overall great agreement! Slight difference in breakdown voltage, potentially mesh

related
T = 300 K: worse agreement but conditions are less relevant for real applications
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Irradiated device: CV curves
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Irradiatec
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® =1.5x10% n,,/cm?, T = 248 K, bulk only
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® =1.5x10% n,,/cm?, T = 248 K, bulk only
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® =1.5x10% n,,/cm?, T = 248 K, bulk & surf
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® =1.5x10% n,,/cm?, T = 248 K, bulk & surf
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® =1.5x10% n,,/cm?, T = 300 K, bulk only
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® =1.5x10% n,,/cm?, T = 300 K, bulk only
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® =1.5x10% n,,/cm?, T = 300 K, bulk & surf
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® =1.5x10% n,,/cm?, T = 300 K, bulk & surf
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® =1.0x10% n,,/cm?, T = 248 K, bulk only
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® =1.0x10% n,,/cm?, T = 248 K, bulk only
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® =1.0x10% n,,/cm?, T = 248 K, bulk & surf
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® =1.0x10% n,,/cm?, T = 248 K, bulk & surf
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® =1.0x10% n,,/cm?, T = 300 K, bulk only
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® =1.0x10% n,,/cm?, T = 300 K, bulk only
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® =1.0x10% n,,/cm?, T = 300 K, bulk & surf
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® =1.0x10% n,,/cm?, T = 300 K, bulk & surf
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Conclusions & Outlook
I Excellent agreement (down to 2%!) between TCAD tools when
comparing electric field projection along the bulk at T = 248 K

' Good agreement in IV and CV curves, need to work on breakdown
voltage —and implement Massey model into Silvaco

" Traps ionization probabilities within the same order of magnitude.

" Need to implement Massey impact ionization model in Silvaco

" Need to test electric field maps in Allpix?
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