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An impossible challenge?
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An intriguing candidate for future colliders

Resistive Silicon Detector

Innovation Sensor property Experimental feature
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Experimental Results: FBK RSD2 performance summary

RSD2 crosses: spatial and temporal resolutions
when total AC amplitude = 60 mV (gain = 30)
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RSD LGAD: AC or DC coupled electrodes?

/ AC-RSD LGAD \ DC-RSD LGAD
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Spice results comparison: TCAD (device-level) simulations
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Seeking to limit charge sharing: Cross-shaped pads
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Temporal evolution of current density maps
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Temporal evolution of current density maps

a

D

“(Qs?“

Cross-shaped pads

4**,%**&
Ol -1

Lyym = 2 pm
Loyym = 4 pm

Loyym = 12 pm
Warm = 2.25 um

DC-RSD LGAD

A. Fondacci et al., FAST 2023 - May 29, 2023 alessandro.fondacci@pg.infn.it 26




7))
8 HIT 1
o
k5 ' f d '
] Temporal evolution of current density maps
_‘CU z
D
)]
2 £ ¢ g
S [\ 5 <
O T I
gt E
'Qs § '43
S £
() 0 w Q
é (- T
g E
- § = § ;
) ~ ~
(dp)
5
O | -
D A. Fondacci et al., FAST 2023 - May 29, 2023 alessandro.fondacci@pg.infn.it 27




28

59 ~ v ~ B ~ w 59 ~ & ~ & ~ v

alessandro.fondacci@pg.infn.it

wr 560 ="M wr g7 ="

Ei N — E&\G\N Ei w — E&\G\N

Temporal evolution of current density maps

A. Fondacci et al., FAST 2023 - May 29, 2023

e
sped padeys-sso.) avo1 asy-od



29

596 ~ w -~ & ~ & 56 ~ w6 -~ 6 ~ »

alessandro.fondacci@pg.infn.it

Si mho — SL@\_\— Si mNN — SL@\_\—
x > m
z.IL £3333%% z.IL fsgsssss
ifagdgdd SEREERE
I 1 B 1

wr 560 ="M wr g7 ="

Ei N — E&\G\N Ei w — E&\G\N

Temporal evolution of current density maps

A. Fondacci et al., FAST 2023 - May 29, 2023

e
sped padeys-sso.) avo1 asy-od



Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Temporal evolution of current density maps
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Temporal evolution of current density maps
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Temporal evolution of current density maps
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Distribution of collected charge between pads as a function of their size

Lom = 2 um
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Temporal evolution of current density maps

Cross-shaped pads

DC-RSD LGAD
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Temporal evolution of current density maps

Cross-shaped pads
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Distribution of collected charge between pads as a function of their size
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Seeking to limit charge sharing: Bar-shaped pads
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Temporal evolution of current density maps
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Bar-shaped pads

DC-RSD LGAD

Temporal evolution of current density maps
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SO0 cross or bar pads?

Loy = 12 pm Loyym =12 pm

W = 2.25 um z W = 2.25 um
arm B_'X arm E_.X

DC-RSD LGAD

TotalCurrentDensity (A*cm”-2) TotalCurrentDensity (A*cm”-2)
5.00e-01 2.94e+00 1.73e+01 1.02e+02 6.00e+02 5.00e-01 2.94e+00 1.73e+01 1.02e+02 6.00e+02
A. Fondacci et al., FAST 2023 - May 29, 2023 alessandro.fondacci@pg.infn.it 84




SO0 cross or bar pads?
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SO0 cross or bar pads?
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SO0 cross or bar pads?

Loy = 12 pm Loyym =12 pm

W = 2.25 um z W = 2.25 um z
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DC-RSD LGAD
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SO0 cross or bar pads?

Loy = 12 pm Loyym =12 pm

W = 2.25 um z W = 2.25 um
arm B_'X arm E_.X

DC-RSD LGAD

TotalCurrentDensity (A*cm”-2) TotalCurrentDensity (A*cm”-2)
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m RSD LGAD, a new silicon sensor based on internal
multiplication and built-in charge sharing;

m A promising solution to simultaneously meet all the
specifications required for the next generation of
colliders;

Conclusions

m DC coupling of electrodes (DC-RSD LGAD) for better
control of charge sharing;

m TCAD simulations of multi-pixel structures to analyse
different layout alternatives to limit charge sharing;

m The use of resistive strips between the electrodes is
currently the best solution;

m Alternatives being studied, again using TCAD tools;

m A new batch of TCAD simulations taking into account
the radiation damage effects.
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Charge centroid ~ Cross-shaped pads

X-coordinate
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Position reconstruction using charge imbalance

10

Simulation phases:
l. polarization of the substrate contact at -200 V;

HIT 2 Il.  crossing of the device by a MIP (Heavy lon model).

5 >84_| «  Temperature: 300 K;

Avalanche model: Massey;

New (non-irradiated) devices.
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Charge centroid ~ Bar-shaped pads

A. Fondacci et al., FAST 2023 - May 29, 2023

X-coordinate
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Z-coordinate
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Bar-shaped pads

Position reconstruction using charge imbalance

107 B «  Simulation phases:
! I polarization of the substrate contact at -200 V;
HIT 2 Il.  crossing of the device by a MIP (Heavy lon model).

. _ «  Temperature: 300 K;
' |I/ Avalanche model: Massey;

New (non-irradiated) devices.
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Q Distribution of collected charge between pads as a function of their size
@© 7
i -
¢
| -
@©
m 525
a if °
o) . ¢ . X
3
§10\
"g ! 60 . 55
% N 58 5359. 0.54 A e
5 | . . ' ($048 3043 380 134
D § 0 56 51507 465'2 . . o 42 le fa7 :'32 27¢ 22
(<5 >\ e 41 {36 figq 3’26 018 -
—
D Lam = 2 um
arm = 4 UM
cn’:) I[arm=85m
O
D A. Fondacci et al., FAST 2023 - May 29, 2023 alessandro.fondacci@pg.infn.it 98




S HIT 2
©
Q.
-g)_ Distribution of collected charge between pads as a function of their size
CU Z
L
7p)
o
O
m .

215\ 60 55

10 89¢  54e  4ge 4z

5 o8¢ 53¢ g %48

© 5 . 8 ; *43 38e .

§ 56 515.7 > 3.47 42' MIP ' 837 320 273.3 5

0>\ 46 . 41 '- 36 l : 231 '26 210 16

Larm = 2 UM
Larm =4 UM
Larm = 8 UM

DC-RSD LGAD

A. Fondacci et al., FAST 2023 - May 29, 2023 alessandro.fondacci@pg.infn.it 99




Sentaurus Device manual

Heavy lon Model

= A MIP can be modelled through the Heavy lon Model, whose
generation rate is given by the following expression:

_ Grer(DR(w, l)T(t) if l < lyax
\'leavy lon GlLw,t) = { 0 if 12 Lyas
=  T(t)is afunction describing the temporal variation of the
K . generation rate;
~ \ 'L . . . . :
‘ < Track In particular, it’s a Gaussian function _whose mean value
Ol \ represents the moment of the heavy ion penetration.
\ 'max !
S W(')_ = R(w, 1) is a function describing the spatial variation of the
. generation rate;

. It too is a Gaussian and w(l) represents its standard
deviation.

= G er (D) represents the linear energy transfer generation
density, expressed in e/h pairs per cm3 by default .

How many e/h pairs are generated by the MIP for each um crossed?

Energy Loss [eV /um]

3.68 eV
_ S. Meroli et al., Energy loss measurement for charged particles in very
- Energy Loss[keV/um] = 0.027 ln(depth) + 0.126 thin silicon layers, Journal of Instrumentation, vol. 06, P06013, Jun. 2011
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