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UFSDPROJECT

Ultra-Fast Silicon Detectors (UFSD) is a project born in Torino in collaboration with the Fondazione Bruno
Kessler and the University of Trento.

| The aim 1s to develop Silicon detectors based on the Low-Gain Avalanche Diode technology optimized for timing
measurements with an R&D work through various productions providing continuous design refinements.

. Sensors features:

* Fine segmentation

* Excellent timing resolution
* Radiation resistant

Multiple applications:

~ + Timing layers for high energy physics experiments: timing information associated to events for pile-up minimization
(CMS and ATLAS at High-Luminosity LHC)

H + Particle counting: possibility to withstand very high rates

+ 3D imaging and robotic vision: improvement of reconstruction accuracy thanks spatial resolutions of few mm

' | + Positron Emission Tomography (PET): improvement of image quality and reduced dose on patients |

UFSD 3.2 PERFORMANCES

|

Devices are tested on wafer at FBK and as single structures in Torino.

For each wafer and device type, the current distribution of every single pad is plotted |
at a fixed value of bias.
Yield is evaluated as the ratio of good pads on the total number of measured pads, |
where we consider as “bad" pads or devices those that show a leakage current out of the ‘
safe range defined for a structure in each wafer. |
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UFSD3 production has an yield corresponding to: !l

» 99.3% for 5x5 matrices with 1.3x1.3 mm? pads
» 99.8% for the 11-strips devices
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The same strategy is applied to UFSD3.2 data, whose analysts is in progress. |
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| INTERPAD #

» 99.9% for 4x24 matrices with 1x3 mm? pads ) ‘
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| ii UFSD3.2 BATCH Latest UFSD batch produced by FBK in 2020

| Production goals:

‘ * 9 interpad designs

|
y | Wafer # | Thickness DEPTH |Dose Pgain| Carbon | Diffusion s e
| l | 1 45 |standard | 0.98 1*A | CH-BL v Optumize Carbon level
| M 2 45 |Standard| 098 | 1*Ab | cHBL | v Manufacture sensors with deep-carbonated gain implants
| 3 45 Standard 0.98 0.8*A CH-BL .
1 4 45 |stndard| 098 | oa*a | cne | ¥ Explore thinner sensors
| | v Reduce the no-gain interpad area
| | 7 55 Standard 0.98 1.*A CH-BL
| ‘ | J 8 45 deep 0.70 1.*A CBL Batch features:
‘ | 9 55 deep 0.70 1.*A CBL .
l | 10 45 deep 070  06*A _ CBL , * Produced with stepper
|
11 45 deep 0.70 BL - . .
| b 5 | deep | 07¢ BEEEN oL / S || 11 * Wafers with 2 values of thickness
| | 138 45 deep 074 _06'A CBL FEE | L * 5 Boron doses for the gain layer
a 14 45 deep 0.74 1.*A CBH i=
1 | 15 55 deep | 0.74 1.*A CBH * 4 Carbon doses
| | 16 45 deep 0.74 0.6*A CBH .
‘ | 17 45 deecp | 0.74 BH * 2 gain layer depths
| 18 45 deep 0.78 A CBH . q s
| ' 19 45 deep | 078 | 0.6*A | CBH * 3 gan lay er diffusion types
|
|

i PROTOTYPE DESIGN
| | Four different structures are included in UFSD3.2 stepper reticle:

| 2x2 arrays with 1.3x1.3 mm? pads, one for each of the 9 UFSD3.2 interpad

| layout Types, chosen among UFSD 3.1 designs
1| % LGAD-PiN pairs
| | Single pads with 1.3x1.3 mm

2 area

% 5x5 matrices with 1.3x1.3 mm?*pads,
with Type 8, 9 and 10 interpad design

N

Type Nominal width [um]| Interpad design Strategy
1 16 grid + extra grid | Aggressive
2 21 grid Medium
4 24 grid
5 25 grid

| 7 28 grid + extra grid S
8 28 grid + extra grid
9 38 2 p-stops
f

10 49 2 p-stops + bias grid Super safe
11 21 grid Medium
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'RADIATION TOLERANCE|

| Boron acceptors in the gain layer: N, (¢) = N, (0)e .

FBK UFSD3.2 gain layer active fraction after irradiation

In an n-in-p device, one of the main radiation effect is the deactivation of |

TIME RESOLUTION

\ Measurements performed with the Torino Beta-source setup provided with a DUT +trigger telescope in a climate
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