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Introduction

1. Development of several LGAD models to test gain variation with bias and n+/pwell doping
2. Improvement in the LGAD models compared with experimental data

3. Analisis of radiation effects in LGAD

4. Work in progress: dopant removal simulation

5. Work in progress: 50um LGAD with traps
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Sentaurus TCAD Simulation SetUp Simulation Setup:
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LGAD IV Experimental
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LGAD IV
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LGAD Red Laser Back Transient Experimental 293K

Red back: signal 200V
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Red back: signal 600V
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LGAD Red Laser Back Transient (area factor 1.2 in all laser slides)
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LGAD Red Laser Front Experimental
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Red front: signal 600V
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LGAD Red Laser Front
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LGAD IR Laser Experimental
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LGAD IR Laser
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Parasitic Effects of Signal Conditioning
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Radiation Damage Models CMS Proton Model

Defect Energy (eV) 0. (cm?) o3 (cm?) 7 (cm™!) Concentration (cm )
Acceptor E.— 0.525 1014 1014 — 1.189x P+6.454 % 1013
Four damage models Donor E, +0.48 1014 1014 — 5.598 x -3.959 x 1014
1. Pennicard Model ¢ =1e12 up to 1e14 n,/cm? CMS Neutron Model
2. CMS Proton and Neutron model ¢ = 1e14-1e15 n_ /cm?2 _Defect  Energy(eV) oc(em®) oy, (em?)  y(em~7) Concentration (em~?)
5 €q Acceptor E.—0.525 12x10° ™% 12x10 ™ 155 1.55x ®
3. Two Level Model Proton ¢ = 1e14-1e15 n,,/cm Donor  E,+048  12x107% 12x10~1 1395 1.395x &
4. New Perugia Model ¢ =1e12 up to 2el6 neq/cmz Simulation of Silicon Devices for the CMS Phase Il Tracker Upgrade CMS Note 250887
Pennicard Model N(cm3)=n;, X ¢
Parameters for fluences up to 7 » 10" njcm® i
P * f New Perugia Type Energy (eV) Defect g, (cm?) on (cm?) n(em™')
c o 3 -2 -2
Defect L L€Y) o (CM™7) on (M%) g Acceptor Ec —042  VV 4055 105 9.5 % 10~  1.613
: : . Acceptor Ec — 0.46 VVV 50 x 107 5.0 x 10714 0.9
L —15 — 14
Acceptor L_f U':u_ 1.00 = 10 ) 1.00 = 10 Lo Donor Ey +0.36 GOy *3.23 x 107" %3.23 x 107" 0.9
Acceptor k. —0.46 7.00% 107" 700x 10" M 0.9
Donor Ey+0.36 393w 1013 399« 10~ 0.9 Simulations of radiation-damaged 3D detectors for the Super-LHC, D.Pennicard

et al. NIMA 592(1-2), 2008, pp16-25

Parameters for fluences within 7 = 10" n/cm? and 2.2 = 10" n/cm?,

Eremin et al two level model* N(cm3)=g;,, X ¢
Defect E (eV) o (cm~?) o (cm—?) g No. | Trap Energy Level | gy (ecm™') | o, (em™2) | oy(cm™2)
Acceptor E.—0.42 1.00 = 1018 100 = 10~ 1.6 1. Acceptor | E. —0.525eV 0.8 4% 1071 45 10
Acceptor Fe—0.46 300 < 107" 3.00 < 107" 09 2. | Donor | E,+048eV 0.8 4x10°14 | 4% 1014

Donor Ev+030 323 . 1012 323 . 10 ™ 0.9

Combined effect of bulk and Surface damage on strip insulation properties of
Modeling of radiation damage effects in silicon detectors at high fluences proton irradiated n+-p silicon strip sensors, R.Dalal et al. JINST 2014 9 P0O4007

HL-LHC with Sentaurus TCAD, D.Passeri et al, NIMA 824 (2016), 443-445 *The origin of doublé peak electric field distribution in heavily irradiated silicon
’ ’ ’ detectors, V.Eremin, E Verbitskaya, Z.Li, NIMA 476 (2002) 556-564
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ElectricFieldAnalysis (0.8ns after laser hit)
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LGAD 300 um RedLaserBack 293K New Perugia

PINLGAD 300um 293K RedLaserBack(670 nm 50W/cm2 200ps 10um) New Perugia Trap Model Read Qut Electronics 400V bias

LGAD 300um (293K) LaserBack (670nm 50W/cm2 200ps 10um) New Perugia Trap Model ReadOut Electronics
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LGAD 300 um RedLaserBack 253K New Perugia

PINLGAD 300um 253K RedLl (670 nm 200ps 10um) New Perugia Trap Model Read Out Electronics 400V bias

LGAD 300um (253K) LaserBack (670nm 50W/cm2 200ps 10um) New Perugia Trap Model ReadOut Electronics
400V bias
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Work in Progress: Acceptor Removal+Trap Model (New Perugia)

N, = NAe—cqb Beyond 1el15 neq/cm2 there is no p mult.layer for all practical purposes,
c=10e1® cm™ We have to discuss this model in deep
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Radiation effects in Low Gain Avalanche Detectors after hadron irradiations, G.Kramberger et al., JINST 2015 10 PO7006
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LGAD 50um (work in progress)
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50 um 293K New Perugia RedLaserBack

LGAD 50um 293K RedLaserBack(670 nm 50W/cm2 200ps 10um) New Perugia Trap Model Read Out Electronics 150V bias

PINLGAD 50um 293K RedLaserBack(670 nm S0W/cm2 200ps 10um) New Perugia Trap Model Read Out Electronics 150V bias
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50 um 253K New Perugia RedLaserBack

PINLGAD 50um 253K RedLaserBack(670 nm 50Wicm2 200ps 10um) New Perugia Trap Model Read Out Electronics 150V bias
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Conclusions

LGAD model from CNM, with JTE, guard rings, p-stops and c-stops.

Now in process of detailed fitting to experimental data

Waiting for new experimental data

Starting the modeling of dopant removal
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Thanks for your attention
fpalomo@us.es

21-23th November 2016 RD50 Workshop CERN https://indico.cern.ch/event/580875


https://indico.cern.ch/event/339943/
mailto:rogelio@zipi.us.es

