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Spatial resolution 
~ 5 µ𝑚
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Spatial resolution 
~ 5 µ𝑚

Temporal resolution 
~ 10 𝑝𝑠
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Spatial resolution 
~ 5 µ𝑚

Temporal resolution 
~ 10 𝑝𝑠

Very low material
budget
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Spatial resolution 
~ 5 µ𝑚

Temporal resolution 
~ 10 𝑝𝑠

Very low material
budget

Very low power 
consumption
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An intriguing candidate for future colliders

14alessandro.fondacci@pg.infn.itA. Fondacci et al., FAST 2023 - May 29, 2023

-------------

+++++++++

-------------

+++++++++p-bulk

n++

p++

!	~	$%&'(/√+,

Standard Tracker RSD-based tracker

Resistive implant

~ 50 µm 

---
- --
++

+++

Pixel size 
~ 250 x 250 µm2

Silicon bulk

Contacts

Electronics ~ 150 µm
 

Gain implant

--
---

- --
+

++
+++

Pixel size 
~ 25 x 25 µm2

Standard Tracker RSD-based tracker

Resistive implant

~ 50 µm 

---
- --
++

+++

Pixel size 
~ 250 x 250 µm2

Silicon bulk

Contacts

Electronics ~ 150 µm
 

Gain implant

--
---

- --
+

++
+++

Pixel size 
~ 25 x 25 µm2

Standard silicon detector Resistive Silicon Detector

N
. C

ar
tig

lia
, T

he
 p

ow
er

 o
f g

ai
ni

ng
 a

nd
 s

ha
rin

g:
 in

tro
du

ci
ng

 in
te

rn
al

 g
ai

n 
an

d 
bu

ilt
-in

 c
ha

rg
e 

sh
ar

in
g 

in
 s

ili
co

n 
se

ns
or

s,
 U

LI
TI

M
A,

 2
02

3



- +
- +
- +
- +
- +
- +

n+

p-bulk

Gain implant

p++

Coupling dielectric

- +
- +
- +
- +
- +
- +p-bulk

Gain implant
n+

p++

- +
- +
- +
- +
- +
- +p-bulk

Gain implant
n+

p++

Coupling dielectric
Coupling dielectric

An intriguing candidate for future colliders

15alessandro.fondacci@pg.infn.itA. Fondacci et al., FAST 2023 - May 29, 2023

-------------

+++++++++

-------------

+++++++++p-bulk

n++

p++

!	~	$%&'(/√+,

Standard Tracker RSD-based tracker

Resistive implant

~ 50 µm 

---
- --
++

+++

Pixel size 
~ 250 x 250 µm2

Silicon bulk

Contacts

Electronics ~ 150 µm
 

Gain implant

--
---

- --
+

++
+++

Pixel size 
~ 25 x 25 µm2

Standard Tracker RSD-based tracker

Resistive implant

~ 50 µm 

---
- --
++

+++

Pixel size 
~ 250 x 250 µm2

Silicon bulk

Contacts

Electronics ~ 150 µm
 

Gain implant

--
---

- --
+

++
+++

Pixel size 
~ 25 x 25 µm2

Standard silicon detector Resistive Silicon Detector

N
. C

ar
tig

lia
, T

he
 p

ow
er

 o
f g

ai
ni

ng
 a

nd
 s

ha
rin

g:
 in

tro
du

ci
ng

 in
te

rn
al

 g
ai

n 
an

d 
bu

ilt
-in

 c
ha

rg
e 

sh
ar

in
g 

in
 s

ili
co

n 
se

ns
or

s,
 U

LI
TI

M
A,

 2
02

3

Internal gain

Resistive read-out

Innovation

Thin

Large signals

Continuous gain layer

Signal sharing

Large pixels

Continuous cathode

Sensor property

Low material budget

100% efficiency

Excellent temporal precision

100% fill factor

Excellent spatial precision

Reduced power consumption

Space for electronics

Uniform weighting field

Uniform carriers drift velocity

Experimental feature



Experimental Results: FBK RSD2 performance summary
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Layout

Device made and bonded
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RSD LGAD: AC or DC coupled electrodes?
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3. Controlled charge sharing

4. Large sensitive areas (~cm)
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Proof of concept: Spice (circuit-level) simulations
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Sheet resistivity: 1 ÷ 3	 %& '(⁄

Strip resistivity: 2.0 ÷ 6.5	 Ω µ1⁄

Sheet resistance: 1 ÷ 3	 %Ω '(⁄

Strip resistance: 2.0 ÷ 6.5	 Ω µ0⁄

Proof of concept: Spice (circuit-level) simulations
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Spice results comparison: TCAD (device-level) simulations
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Structure with many 
pixels to study signal 

confinement

↓
For computationally 

acceptable 3D 
simulations each 

pixel must be small

↓
Footprint of
100×100 µ𝑚!

Seeking to limit charge sharing: Cross-shaped pads
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Structure with many 
pixels to study signal 

confinement

↓
For computationally 

acceptable 3D 
simulations each 

pixel must be small

↓
Footprint of
100×100 µ𝑚!

Seeking to limit charge sharing: Bar-shaped pads
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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
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So cross or bar pads?
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So cross or bar pads?
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Conclusions

■ RSD LGAD, a new silicon sensor based on internal 
multiplication and built-in charge sharing;

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

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

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

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

■ Alternatives being studied, again using TCAD tools;

■ A new batch of TCAD simulations taking into account 
the radiation damage effects.
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Charge centroid ~ Cross-shaped pads
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HIT 1HIT 3

HIT 2

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

II. crossing of the device by a MIP (Heavy Ion model).

• Temperature: 300 K;

• Avalanche model: Massey;

• New (non-irradiated) devices.

Pad Size ↑
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X-coordinate
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HIT 1HIT 3

HIT 2

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

II. crossing of the device by a MIP (Heavy Ion model).

• Temperature: 300 K;

• Avalanche model: Massey;

• New (non-irradiated) devices.

Pad Size ↑
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Heavy Ion Model
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§ A MIP can be modelled through the Heavy Ion Model, whose 
generation rate is given by the following expression:

𝑮 𝒍,𝒘, 𝒕 = (𝑮𝑳𝑬𝑻 𝒍 𝑹 𝒘, 𝒍 𝑻(𝒕) 𝒊𝒇 𝒍 < 𝒍𝒎𝒂𝒙
𝟎 𝒊𝒇 𝒍 ≥ 𝒍𝒎𝒂𝒙

§ 𝑻 𝒕  is a function describing the temporal variation of the 
generation rate;

• In particular, it’s a Gaussian function whose mean value 
represents the moment of the heavy ion penetration.

§ 𝑹 𝒘, 𝒍  is a function describing the spatial variation of the 
generation rate;
• It too is a Gaussian and 𝑤 𝑙  represents its standard 

deviation.

§ 𝑮𝑳𝑬𝑻(𝒍) 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 µm crossed?

§
9:;<=> ?@AA ;B/DE

2.7F ;B

§ 𝐸𝑛𝑒𝑟𝑔𝑦 𝐿𝑜𝑠𝑠 ⁄𝑘𝑒𝑉 µ𝑚 = 0.027 ln 𝑑𝑒𝑝𝑡ℎ + 0.126 S. Meroli et al., Energy loss measurement for charged particles in very 
thin silicon layers, Journal of Instrumentation, vol. 06, P06013, Jun. 2011


