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U Innovations in the design of silicon sensors (LGAD + RSD)
U Simulation of DERSD devices

C Spice (circuit level)
C TCAD (device level)

U Reconstruction of the particle impact positions

C Spatial resolution analysis

0 Design and optimization of ERSD
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Innovations in the: design off silicom sensors (1/2)) -
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V Segmentation
Y fill factor < 100%
Y low spatial precision

particle
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V Internal low-gain
Y large signals & low
noise
Y excellent temporal

precision (figeaitor
timing

No gain area ~ 50 pum
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V Internal low-gain
Y excellent temporal

precision
timing

V Resistive reaebut
Y signal sharing
Y 100% fill factor
Y excellent spatial

precision[ Ideal for ]
position

particle

GQONSL

V AGcoupled readout
Y longtail bipolar signals
Y baseline fluctuation
Y positiondependent
resolution
Y not easily scalable to
large area sensors
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Innovations in the: desigm of silicom sensors (2/2)) - v “RD50
... DCCoupledRSADCRSD

particle

V Resistive reaebut
Y excellent spatial precision
V DGcoupled readout
Y unipolar signals
Y absence of baseline fluctuation
Y controlled charge sharing
Y large sensitive areas (~ cm)

V Internal low-gain
Y excellent temporal precision
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Simulation of DC-RSD dlevices RD50

V Issue charge sharingverlarge distanceg~mm)
V Hybrid simulationapproach

Spice = TCAD

V Circuit level V Device level
Y Fast simulations Y High accuracy, but time consuming
Y High abstraction level Y Added values
Y Proof of principle, but limited information 1. technological/design optimization

2. accurate modelling of particle hit
(position, energy deposition)
3. radiation damage effects
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Spice simulation (1/2) ; *\?R‘DSO

V Equivalent lumpegatlement electrical model  Output waveformsfor different pitch sizes
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Spice simuilation (2/2)

V Reconstructiorof the particle impact positions
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L.Menzioet al.,DGcoupled resistive silicon detectors for 4D trackMgclear Instr. Meth. in Phys. Res. A, Vol. 1041, 2022.
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TCAD simulation (1/3) RDSO

V Simulatedayout (full 3D geometry) V Simulateddoping profile(LGAD)

ta Sheet resistance
Ry =52 [0 ]

o  Width (W) 100 pm

0  Thickness (T) 55 um

o PadLlength (L) 15 pm 1
= ————— [Qum
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TCAD simuilation (2/3)

V Static(DC) behaviour V Transient(TV) behaviour
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TCAD simullation (3/3) Q?DSO

V Reconstructiorof the particle impact positions
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Reconstruction of the impact positions Ya

Resultsfrom Spicesimulations VS. Resultsfrom TCABsimulations
T . Thereconstructed points
e ~~ tendtocluster in the centre. v, Thelargerthe pitch size
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[*] H. Wagner et alOn the dynamic twalimensional charge diffusion of the interpolating readout structure employed iMitr@eCATdetector, Nuclear Instr. Meth. in Phys. Res. A, Vol. 482, 2002.

T. Croci et al., 41RD50 Workshop, SevilleDecember 1, 2022 L YAIDA (INFN - tommaso.croci@pg.infn.it

#innova



Design and optimization of DC-RSD

V Reduced distortiorby addingresistive stripsbetween the readout pads

viAu T

O Injection points
* Recon. w/o Strip
€ Recon. w/ Strips

U)

Si IStrip ‘..’
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Design and optimization of DG-RS

D

V' Impact of differentstrip resistivity (Rs,) on the reconstruction
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Design and optimization of DC-RSD RD50

V Impact of thepad size(L,,p on the reconstruction
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Conclusions ‘*’x\-ff‘iiDSO

V Novel evolutionof the LGADresistive silicon detectodesign: theDGcoupledRSO(DCGRSD
V Strategyfor the simulation of DGRSD devices$iybrid approach
=> combination of CADand Spicesimulation tools

=>signal spreadin@nd100% fill factormpreserved in the D&SD design

<

Optimizationof the performance e.g. accuracy of thgosition reconstruction
=>improvementby usingesistive stripsbetween the reaebut electrodes
Afirst batchof DCRSD is planndd the next few months(produced by FBK, Italy)

Extensivecampaign of measurementsn bothnot irradiated and irradiatedDGRSD structures

< < <

New batch offTCAD simulationtaking into account th@adiation damage effects

<

Guidelinedor future production ofradiation-resistant DERSD
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Inmovations in the: di

Innovation

Resistive reaebut

Vertex 2022, Resistive Readout

Internal gain

zsign off silicam sensors %
Sensor property Experimental feature
Continuous gain layer ——»| 100% fill factor |

Uniform weighting field |

Continuous cathode

Uniform carriers drift velocity |

Reduced power consumption |

Large pixels

Space for electronics |

Signal sharing — Excellent spatial precision |

Thin — Low material budget |

100% efficiency |

Large signals

Excellent temporal precision |
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Second design immovation: resistive read-out
A Thesignalisformed onthe n* electrode=>no signalon the AC pads
A TheAC padoffer the smallest impedance to grountbr the fast signal

A Thesignal discharges to ground

short RC short RC

Fast signal ,= Fast signal, =
l\long . —\W I\

Vertex 2022, Resistive Readout

(Trediconf. 2015)

4
= lt* Inresistive readoutthe signalis naturallyshared among pad&s-6)
"; without the need of B field or floating pads
Thanks to thenternal gain full efficiency even with sharing
Results presented here are from tR8K RSD2 production
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QA

Signal propagation on a resistive surface

Prerequisite: study the signal propagation on a silicon resistive surface

A Large structures (2 mtnesistive

sheet fromRSD1 production  [ome ——

A Contact at the periphery toread s &, @ &
out the n** ; S

“C odge T h::m":’..,

A Theshape changewith center & el
propagation:smaller and longer £ oo

with distance

L.Menziog 17" "Trento" Workshop on Advanced Silicon Radiation Detectors
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Example of signal sharing

50-mm thick FBK RSD, Gain ~ 20

Pad 2

S ¢ 60
£
= 3 Pad 1
S 4t 40
2
2 E
E 2L 20
<<
0 & 0

Amplitude [mV]

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Pad 4

Time [ns]

Time [ns]

The laser is shot at the position of the red dot: the signal is seen in 4 pads

Nicolo Cartiglia, INFN, Torino, VCI2022, 25/02/22

Resolution [um]
=

<

Spatialprecisionof resisitive read-out

Spatial resolution for pixels with different geometries as a function of Metal-Pitch

L *MF ] L
3 different position
L OLA reconsiruction methods

r AaDPC

o |

50-100 100 - 200 300 - 500

= = N
o N & O 0O N A& OO
T T 1

200 - 500
150 - 200 )
70-100 * l#
o b
50 100 150 200 250 300 350

Pitch - Metal [um]

RSDs reach a spatial resolution that is
about 5% of the inter -pad distance
=> 5 um resolution with 150 pum pitch

RSDshave the «usualk> UFSDtemporal
resolution of 30-40 ps
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Signal spread vs pixel size i " RD50

| | OSed I the reconstructio
]\I‘/

Used in the
reconstruction

Inlarge pixels the signal is visible only on
the nearest pads.

Thefull signalisused in the reconstruction

Not used

In small pixels the signal is visible on many

Vertex 2022, Resistive Readout

pads.
When only 4 pads are useohly a partof
the total signal isised in the reconstruction

In small pixels, for equal gain, the sigr@l-noise ratio is worse since part

of the signal leaks to pads not used in the reconstruction

T. Croci et al., 41RD50 Workshop, SeviteDecember 1, 2022
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Final goal of RSD IR&D: acompletely mew tracker

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

S% = FSFSESISISISESS Z0R0r
"2l -l e S Y~ 3 S SN - a1
§ Standard tracker RSDbased tracker

ig The design of a tracker based on RSD is truly innovative

A 1t delivers ~ 2630 ps temporal resolution

A For the same spatial resolution, the number of pixel is reduced by D

A The electronic circuitry can be easily accomodated

A The power consumption is much lower, it might even be air cooled (0@ W/cn?)
A The sensors can be really thin

T. Croci et al., 41RD50 Workshop, SevilleDecember 1, 2022 L YAIDA (INFN - tommaso.croci@pg.infn.it
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RSD and DCRSD

Cathode

Anode

Vertex 2022, Resistive Readout

This design has been manufactured This design is presently under
in several productions by FBK, BNL, development by FBK
and HPK The main advantage of the DC-RSD

design is to limit the signal spread

T. Croci et al., 41RD50 Workshop, SevilleDecember 1, 2022 L YAIDA @ tommaso.croci@pg.infn.it
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Technology-CAD simuilaiions “RD50

U TCAD simulation toolsolve fundamental, physical partial differential equations, such as
diffusion and transport equation for discretized geometries (finite element meshing).

U This deep physical approach gives TCAD simulatemhictive accuracy

U Synopsys© Sentaurus TCAD

eeeeeeee

-

t(C - % n (O 0 n &) Poisson
T € p . R
—. - it @ Electron continuit
< T 0N y o
T—n E te @ Hole continuity
T on
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TCADsIimulation of LGAD deviices

\RD50

V Fully-3Dstructure

Doping profile(TOR

_| npeak —20
i -—-3D
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Gaussian % EE
Gain Layer 8
profile 3 i prpiedal
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—2D
—-=3D
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/ o
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Methodology

RD50

DC / AC analysis mmmm)p  Transient analysis EEEEp Gain calculation

ADC biasingstatic)
0 n cathode: 0 V

0 p anode:sweep
V start=0V
V step =- 25V (from 100 V)
V stop =-1000 V
o Temperature
V 300 K fomotirr., 253 K foirr. [7]

AAC biasingsmalksigna)

o For each DC bias step,
superimpositiorof a 1, 1 kHz
sinusoid

o Impedance matrix for each node of
the discretizedgrid

o Temperature 300 K farotirr. / irr.

AFor each DC bias step, one

AlLeakage current calculation

Time-Variant(TV) simulation of o instant = 0,9 ns

Impinging particle N11P),
following thedHeavylorg model
0 instant of penetration 1 ns

o through the whole device
0 Linear Energy Transfer (LET)

ALeakage current offset subtracted
from the simulated I(t) curve

ACalculation ofCollected Charge
(CQ as theintegral of the current

[E =]y
4 I_ilz;?H |_|.I =i= :.Eu_ 6]

Fﬁu

where
0 ofp YQ w

T EBoss TG XEWD TP G ¢ —

[5] S. Meroli et al.Energy loss measurement for charged particles in very thin silicon,|aie8T 6 P06013, 2011 [7] A.ChilingaroyTemperaturedependencef the current
[6] V. Sola et alFirst FBK production of 50 pm ulfiast silicon detectorsNucl. Instrum. Methods Phys. Res. A, 20aeneratedin si bulk JINST 8 P1000&)13.
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Transient responce: "Heéavylono model
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Simulation setup

\/RDSO

Physical models

V Generation/Recombination rate
=> ShockleyReadHall (SRH), Baritb-Band
Tunneling (BTBT), Auger

Radiation damage model
V dPerugia@
=>combinedsurfaceandbulk damagescheme

:>Ava|anche Generano:nthe |mpact energy (eV) intr. rate (cm™) | eXsect (cm®) | hXsect (cm?)
.. . . D E-0.23 0.006 2.3e-14 2.3e-15
ionizationmodelis Massey onor © ~
. .y . . Acceptor E-042 16 1.0e-15 1.0e-14
V Carriersmobility variation TV Py — — —
=> doping and fieldependent
V Physicabarameters Acceptor-like Donor-like
=> % = O Cm/S Energy (eV) Ec -0.56<Er<Eg Ev <Er<Ey +0.60
_ _ Width (eV) 0.56 0.60
—>_n —p~ 1E3 s Drr (eV"em™) Dir... () Dite, (9)
Nir (¢) (cm™3) Nit,. (0) + AN, (¢) Nt (0) + ANir,, (¢)
Oelectrons (sz) 1.00 x 10_18 1.00 x 10_“’
Ohoies (€M) 1.00 x 107'° 1.00 x 107'©
Fixed oxide charge Pre-irradiation values
Qox (0) = 8.0 x 10410
Qox (¢) cm™) Qox (0) + AQox (9) Nir. (0) = 7.0 x 10°%
Ny, (0) =7.0 x 10+
T. Croci et al., 41RD50 Workshop, SevilleDecember 1, 2022 L YAIDA (INFN- tommaso.croci@pg.infn.it
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TCAD radiation damage models used

U daNew University of Perugia modél
V Combinedsurfaceand bulk
TCADlamagemodellingschemé’l
V Trapsgenerationmechanism
U Acceptorremovalmechanism

N (h) = Ny(0)e™? s | @
where 7 VALIDATION | ‘
A GainLayer GL) omgnon |
A ¢, removalrate, evaluatedusingthe
Torino parameterization*!

| PARAMETERS LIS TN
} E'XTRACTION C—YT —

CCE, I-V,C-V, é

Surfacedamage (+ Q) Bulkdamage

[3] AIDA2020 reportTCAD radiation damage modélERN Document Servef
[4] M. Ferrero et al.RadiationresistantLGAD desigiNucl Inst. AndMeth. Acceptor | Ec< Er<Ec-0.56 0.56 Dir = D(@)
In Phys Res. A, November 30, 2018.

Donor | E--0.23 | 0.006 2.3x101 2.3x1018

Acceptor | E.-0.42 1.6 1x10°1% 1x10°14

Donor Ey <E; < E+0.6 0.60 Dy = D(@)

Acceptor | Ec-0.46 0.9 7x104 7x1013
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http://cds.cern.ch/record/2705944
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Transient (TV) behavior G, (Center Cuy
V t=0.00ns

lror

100 BACK TOP

Abs(TotalCurrentDensity-V) (A*cm”-2)
3.512e+00
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1.358e-07
4.592e-10
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5.250e-15 X 1 E2 (_\Z
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Transient (TV) behavior i hit 1 C, (Center Cu

x 1E2 H
— Padl
1.5e-08| Pad2
—Pad3
/\ " |
Y / TOT x
M / \ 60
U se9)
80
@ |
1 7 3 00 BACK TOP
Time (ns) . .
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T
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Transient (TV) behavior - hit 1 C, (Center Cut

V t=1.01ns o
x 1E2 a
15608 /\ :Eé
Pt a0

cwd /N lror )
E 5.0

u.

1 2 3 100

Time {ns) 100 50 0
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HeavylonChargeDensity (cm?-3) 36122400 “
.9.0999+| 1 1.188e-02
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9933603 I 1.358e-07
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4.592e-10
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Transient (TV) behavior - hit 1 C, (Center Cu

V t=1.03ns o
x 1E2
— Padl
1.5e-08| Pad2
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@
o |
TOP
Time (ns)
Abs(TotalCurrentDensity-V) (A*cm?-2)
HeavylonChargeDensity (cm®-3) 3.512¢+00
lq.awen 1 1 1.188e-02
99160404 4.016e-05
9933603 1.358e-07
9.950e-10
9.9660-17 -:i:ze-:: Top
9.983¢-24 e- "
1.000e-30 X 1E2 5.250e-15 X 1E2 ('\Z

T. Croci et al., 41RD50 Workshop, SeviteDecember 1, 2022



Transient (TV) behavior i hit 1 C, (Center Cuy
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— Padl
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Transient (TV) behavior ¥ hit 1

C, (Center Cux
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Transient (TV) behavior ¥ hit 1 C, (Center Cu
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Transient (TV) behavior ¥ hit 1 C, (Center Cu
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Transient (TV) behavior ¥ hit 1
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Transient (TV) behavior ¥ hit 1
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Transient (TV) behavior ¥ hit 1 C, (Center Cu
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Transient (TV) behavior ¥ hit 1
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Transient (TV) behavior - hit 1 C, (Center Cut
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Transient (TV) behavior i hit 1 C, (Center Cuy
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