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TIMESPOT — INFN Perugia

vV INFN PG Activities/Involvements

- 3D Diamond and Silicon TCAD modeling.
- Radiation damage model development.
- DAQ development and test activity.
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INFN Perugia Activities Timeline

Numerical Analysis and Physical Modeling VLSI Design and Characterization of Integrated
of Solid-State Devices. CMOS Active Pixel Sensors
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INFN Perugia TIMESPOT related expertise

v Long term TCAD silicon particle detector simulation and radiation
damage effects modeling (CMS, AIDA2020).

v DIAMOND TCAD modeling
(RAPSODIA, 3DSOD, 3DOSE).

Vv Test and characterization of semiconductor / 3D diamond sensors and

read-out systems for high rate/high performances detectors (NA62,
3DOSE).

v VLSI monolithic Active Pixel Sensor design & characterization
(RAPS, SHARPS, VIPIX, SEED).
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INFN Perugia TIMESPOT related expertise

v Long term TCAD silicon particle detector simulation and radiation
damage effects modeling (CMS, AIDA2020).




TCAD Radiation Damage Modeling

v OLD Perugia Model — CMS Silicon Tracker design (since
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Comprehensive Modeling of Bulk-Damage Effects in

Silicon Radiation Detectors
Daniele Passeri, Paolo Ciampolini, Gian Mario Bilei, and Francesco Moscatelli

Abstraci—In this paper, the issue of numerical modeling of radi-

ation-damaged silicon devices is discussed, with reference to radia-

tion detectors employed in high-energy physics experiments. Since

the actual physical picture is far too complex to be accounted for

at a first-principle (i.e., defect kinetics) level and not vet fully un-

derstood, a hierarchical approach has been followed looking for a
titable changes of

at a negligible fraction of the development time and expense
required by experimental evaluation.

Such a capability gains further appeal when looking forward
to experiments carried out at new hadron colliders, e.g.. the
CMS detector at LHC [6]. where radiation fluences well in ex-
cess 1044 n/em? are expected and devices are required to en-

havior y
a three deep-level trapping mechanism is accounted for by means
Read

(v on
val model.

dure such a harsh for ten years. For this reason, the
need emerges of equipping simulation tools with accurate, yet
models of the functional damage

the radiation is considered by means of a d
Index Terms—Radiation damage, slicon detectors.

1. INTRODUCTION
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induced by the accumulated radiation. In this paper, we discuss
such an issue, b drad damage model,
which extends the two-deep-level modeling technique adopted
in [7] by accounting for a third level within the gap and consid-
ering the shallow-level sensitivity on the radiation by means of
a donor-removal model.
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TCAD Radiation Damage Modeling

v NEW Perugia

Model (2017)
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INFN Perugia TIMESPOT related expertise

v DIAMOND TCAD modeling
(RAPSODIA, 3DSOD, 3DOSE).




TCAD Diamond Modeling

v Innovative diamond modeling for DC, TV analyses within TCAD tools
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2D Diamond simulated structures

v 3D layouts (5x%5x0.5 mm?3) and simulated 2D cuts (5%0.5 mm?) of
the same device with planar or segmented contact strategy.

vV The effect of a single particle hit has been considered.
Particle Hit

Planar
contacts

Segmented
contacts
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Timing issues in transient simulations

v Proper time discretization of the stimulus with respect to the
simulation time-step is critical for timing analysis.

].055_' rTTrT T T T T T T T T T L L I_E 14__1 I L — T T e LA LAL N E
E . -09 E - -09 ]
E - ~ shi=510 "s| J - . — shi=5-10 "s| 3
090F B'partlde — shi=410""s| 3 2t a-particle — shi=410"%| 3
- 0.75%— — shi=2-10"s _ _ 10¢ & — shi=2.10"%5s E
< < 9F e
Sosp I 12 g E
5§ g '
£ 045F 4 B 6f .
= E EI 1
Ok O gf 3
0.30F E : ]
3F -
é PR R R S R R PRI R P TS B g Ctt T L TR P TR ]

0'0%5 40 45 50 55 60 65 70 %5 40 45 50 55 60 65 70

Time (ns) Time (ns)
Transient analysis behavior as a response to Transient analysis behavior as a response to
B particles irradiation: different values of s_hi. o particles irradiation: different values of s_hi.

12




Validation/extension of the diamond model

v Comparison between simulation results and measured data in terms
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3D Diamond simulated structures

v 3D layouts: two adjacent cells.
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3D Diamond simulated structures

V Effect of sense node biasing: same potential.
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3D Diamond simulated structures

Vv Effect of sense node biasing: opposite polarity sense nodes.

Abs(ElectricField-V) (V*cm”-1)

. 2.567e+04

- - 2.142e+04
1.717e+04
1.292e+04
Vsensl =3V, Vsens2 =-3V 8.667e+03
Vsensl =10V, Vsens2 =-10 V 4.417e+03
Vsensl =20V, Vsens2 =-20 V
I Vsensl =30V, Vsens2 =-30 V \ 1.657e+02
4e+04 Vsensl =40V, Vsens2 =-40 V
i Vsensl =50V, Vsens2 =-50 V
Vsensl =60V, Vsens2 = -60 V . .
g Vsensl =70V, Vsens2 =-70 V \ ngher CO”eCtIOI"l
= ) Vsens1l =80V, Vsens2 =-80 V L H
% ‘ \ Vsens1 =90 V, Vsens2 = -90 V /~ eﬁ:ICIenCy reg 10N
o | B V: 1=100V, V 2=-100 V |/ ‘ o . >
L enal ‘“ ‘/}.\» (higher |E| value
L | ”,. It “\“ ,/'A I'L', -
' ‘ | L regions)
0 — "
3 1

ﬁ% 16



