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❑ AC-LGAD impact ionization:

▪ TCAD AC-LGAD structure

▪ Breakdown voltage (Vbd) vs TCAD models

▪ Impact ionization, E-field & Qcoll btw models

❑ AC-LGAD breakdown voltage: 

▪ T-dependence vs epi-thickness (tepi)

o Measured vs TCAD

o Vbd(T)-slope vs tepi

❑ Summary
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AC-LGAD impact 

ionization: TCAD models
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TCAD AC-LGAD: Device structure

  

30-μm p- epi-layer

p+-substrate

n-res layer

Analytical 

p-well: 

Similar to [1] 

(backup 2) 

gain-layer

❑ TCAD: Synopsys Sentaurus

❑ TCAD AC-LGAD: 

▪ n-resistive layer: BNL SIMS-profile 

reproduced by TCAD Process (backup 1) 

▪ p-well: Doping profile for known EB & D 

→ no Vbd → use effective profile

▪ Avalanche onset: ’e/hAvalanche 

(<Impact ionization model> Eparallel)’

❑ 2D-TCAD edge region:

400 µm 220 µm

100-µm wide 

AC-strip: Qcoll

250-µm wide 

DC-frame & GR

p-spray: 

Nps=

1e15 cm-3

30-μm p- epi-layer

100-nm SiO2: 

Nox=5e10 cm-2 
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[1] E.C. Rivera, M. Moll, IEEE T. Electron Dev., 70(6):2919, 2023.

[1] E.C. Rivera, M. Moll, IEEE T. Electron Dev., 70(6):2919, 2023. 

https://iopscience.iop.org/article/10.1088/1748-0221/18/08/P08001
https://ieeexplore.ieee.org/document/10114953
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ΔNp=+5.4%

ΔNp=+1.0–1.3%

Impact ionization (EI): Sentaurus models & Massey

❑ van Overstraeten-de Man (vO): Apply to E-

fields 1.75-6e5 V/cm

❑ Okuto-Crowell (O-C): Apply to 1-10e5 V/cm

❑ Lackner: Apply to 1-10e5 V/cm

❑ University of Bologna (UniBo)/New UniBo 

(UniBo2): Apply to 0.5-6e5 V/cm & extended 

T-range 25-400/500°C

❑ Massey [2]: Non-Sentaurus model (backup 

5) apply to 2-8e5 kV/cm & 15-420 K

❑ Np-tuning: Matching IV-curves (not Massey)

& Vbd btw models

Np: Fixed

Np: Varied for fixed Vbd Np increase 

for fixed Vbd

vO: Gain layer tuned to 

reproduce measured 

IV/CV (backups 3-4) 

T=295 K

T=295 K

ΔVbd≈83 V

ΔNp=+2.5%

[2] D.J. Massey, J.P.R. David, G.J. Rees, IEEE T. Electron Dev., 53(9):2328, 2006.

[2] D.J. Massey, J.P.R. David, G.J. Rees, IEEE T. Electron Dev., 53(9):2328, 2006. 

M1: Higher Ileak @ V≥Vfd

M2

https://iopscience.iop.org/article/10.1088/1748-0221/18/08/P08001
https://ieeexplore.ieee.org/document/1677871
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Fixed Vbd @ 150 V: EI, E-field @ gain-layer & Qcoll

pn-jct

Cut: Center 

of gain layer

E-field

TCT & 

Qcoll

❑ Peak EI: No dependence on Np → 

location/width shift btw models 

❑ Peak E-field: Lower Np → lower Emax

❑ Qcoll: ΔEI & ΔEmax btw models reflected 

by Qcoll

▪ Qcoll,min≈0.64*Qcoll,max

Np,max 

EI:

295 K

UniBo2

O-C
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vO
O-C: 
Extremely 

localized @ 

gain layer 

Lackner

UniBo2

UniBo

Fixed Vbd @ 150 V: Impact ionization @ epi-layer

Massey

EImax

→ which model 

best for LGADs?

3e3 

cm-3s-1

7 cm-3s-1

3e6 

cm-3s-1

6e5 

cm-3s-1

2.5e4 

cm-3s-1

0 cm-3s-1
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Breakdown voltage: 

Temperature & tepi 
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30 μm

LGAD Vbd(T,tepi): 295-253 K, 20-50 μm

20 μm

❑ BNL IV-measurements: Vbd(T)-slope 

dependent on epi-thickness

▪ EI-models (Np: Fixed): vO, O-C & 

Massey → Δslope btw thicknesses 

reproduced by all → Vbd increases w/ tepi

50 μm
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LGAD Vbd(T,tepi): Measured vs TCAD

❑ BNL Vbd(T,tepi): 20 μm & 50 μm 

❑ TCAD vO (O-C) [Massey]:

▪ 20 μm: 0.88 (0.39) [0.495] V/K 

▪ 50 μm: 2.04 (0.88) [1.07] V/K 

→ Massey best T-dependence model for LGADs

❑ Ratio Vbd(T)/Vbd(295 K): Essentially constant 

for all tepi → Vbd(T,tepi) Δslope due to smaller 

Vbd–values for given T, not physics
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Vbd(T)-slope: tepi-dependence

❑ EI-models: Only Massey reproduces measured tepi-dependence of Vbd(T)-slopes

❑ O-C w/ tepi=24.7 μm: Vbd(T)-slope=0.46 V/K → match w/ highest BNL 20-μm slopes → real 

tepi(0.38 V/K)<20 μm or tepi(0.47 V/K)>20 μm? → same nominal tepi but consistent ΔVbd(T) → 

evidence of Δtepi btw LGADs

❑ Tuned parameters [1] (backup 6): Beneficial only for van Overstraeten
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Conclusions

❑ 5 Sentaurus + Massey TCAD EI-models: Distinct Vbd for all models w/ 

ΔVbd,max≈83 V for AC-LGAD w/ fixed parameters @ 295 K → ΔVbd=0 by p-well 

tuning w/ ΔNp,max=+5.4% → Vbd highly sensitive to varied Np

▪ Qcoll w/ fixed Vbd: Reflects influence of ΔEImax/ΔEmax @ pn-junction btw models

▪ O-C & Lackner w/ fixed Vbd: EI localized @ gain-layer

❑ PMI vs Sentaurus: PMI 16% faster for O-C → nonidentical IV-characteristics for 

AC-LGAD 

❑ AC-LGAD Vbd T-dependence: Close agreement w/ measured Vbd(T)-slopes by 

Massey model @ 295–253 K

▪ Epi-thickness: Vbd @ given T increases w/ tepi → Vbd-ratios @ varied T 

independent of tepi → Vbd(T)-slope contains info on active tepi
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Backup 1: AC-LGAD gain layer - n-res/p-well

❑ BNL info: AC-strip Al: t≈1.5um

▪ Oxide: Constant under & btw AC-

strips, t≈100 nm

▪ Epi-layer: Nepi “practically intrinsic”

▪ P-well doping: 1-MeV boron implant 

D=2e12 cm-2 → find profile w/ TCAD 

process

▪ N-res implant extension from p-well 

to DC-contact: 25 μm

▪ N-res/GR isolation: p-spray (no litho)

w3128 n-res layer: 

D(P)=2.11e13 cm-2, 

tox=100 nm

❑ P-well profile: Tune TCAD to reproduce 

BNL SIMS n-res layer profile → simulate p-

well doping profile w/ fixed parameters

❑ Crystal orientation: High influence on 

doping profile → most likely <111> for 

wafer 3128

❑ EP=210 keV: Best match w/ measured → 

real EP<250 keV?

P: n-res layer

B: p-well

Back to slide 4 



Timo Peltola - DRD3 WG4-meeting, May 18, 2026
14

Backup 2: LGAD SIMS measurement [1]

Back to slide 4 

❑ CNM LGAD gain-layer: EP / EB & D N/A
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Backup 3: AC-LGAD IV/CV - Gain/epi-layer tuning 

  ❑ CV/IV-measurements: TTU 1-ch probe 

station

❑ TCAD impact ionization: van Overstraeten

❑ TCAD CV/IV-tuning: Highly sensitive to Nepi 

& tp-well

▪ Fixed tp-well=4 μm → Nepi=8e12 

(5.5e12) cm-3: Close match w/ 

5mm_23 CV & Vfd (1cm_42 IV & 

double-slope @ Vfd) → no match for IV 

& Vbd (no match for CV) 

Double-

slope @ Vfd

Depletion of 

epi-layer

Vbd

Depletion of 

gain-layer

▪ tp-well=3.955 μm, Nepi=8e12 cm-3: 

Closest match for both CV/IV 

     → not possible to use ~intrinsic Nepi 

     (<1e11 cm-3) for reproduced CV-

     curve (Backup 4) 

❑ Measured: 1-cm strip AC-LGAD from 

BNL-wafer 3128 w/ ‘deeper’ n-resistive 

layer (1cm_42)

EI-model: vO 
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Backup 4: TCAD AC-LGAD CV/IV: Nepi-dependence

❑ BNL reported Nepi: Close to intrinsic (<1e11 

cm-3)

❑ TCAD Nepi=8e12 cm-3: Close match w/ 

measured CV/IV, Vbd & gain → >>intrinsic → 

possible to tune gain layer w/ low Nepi for 

matching CV/IV?

❑ IV @ Nepi=1e12 cm-3: Measured 

characteristics & Vbd reproduced

❑ CV @ Nepi≤1e12 cm-3: Measured CV- 

characteristics not possible to reproduce → 

real Nepi>>intrinsic? → fraction of p-well 

doping (~1e17 cm-3) diffuses to 30-μm epi-

layer?

Back to slide 5 

EI-model: vO 
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Backup 5: Massey [2] – Non-Sentaurus model

❑ Massey EI-model:

Back to slide 5 

❑ An = 4.43e5 cm-1, Ap = 1.13e6 cm-1

❑ Cn = 9.66e5 Vcm-1, Cp = 1.71e6 Vcm-1

❑ Dn = 4.99e2 Vcm-1K-1, Dp = 1.09e3 Vcm-1K-1

❑ Physical Model Interface (PMI): 

Implement C++ Massey.C → compile ‘cmi 

Massey.C’ → move generated .so.-file to 

TCAD library folder → activate in .cmd-file 

by ‘Avalanche(Massey Eparallel)’ 

❑ Massey vs measured AC-LGAD: CV/IV 

closely reproducible by tuning Nepi, Np & τe,h

Wallclock: Δt=16%

▪ PMI: 2h 50min 35s

▪ Sentaurus: 3h 17min 52s 

O-C: PMI vs Sentaurus

▪ PMI ΔVbd: +4.7%

▪ Sentaurus ΔIleak @ 120 V: +25.5% 

Nepi=6e12 cm-3 

Np=6.112e16 cm-3 

τe,h=0.15 ms 

CV 

IV 
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Backup 6: Optimized parameters – Massey, vO & O-C

[1]

Back to slide 11 
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