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Garfield++ Simulations M OTIVATI O N

> State of the art ~30 ps

Already planned for the detector
upgrades at the HL-LHC both in
ATLAS and CMS for 2026

Time resolution (ps)
w
o

Future generation
experiments need an
even better time

resolution ~20 ps

L A thinner LGAD

design could match
the requirements




TEST BEAM SETUP

? CERN PS East Hall (beam facility T10) .u””
| — —

| Digital oscilloscope
LeCroy WaveRunner - —
9404M-MS (4 GHz) Q
Sampling rate: 20 GS/s |
Time discretization: 50 ps n



PUBLISHED RESUTS — Beam Test of November 2021

First 25 and 35 um thick FBK LGAD sensors were tested for the first time in a beam
test with 12 GeV/c pion beam
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TIMING PERFORMANCE: 25 pm LGAD
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New ‘double LGAD’ concept

One LGAD on \ I
each side of the g .

board, both . L PRO
connected to the | Higher signal
same amplifier il

— S Less power-consuming
25+25 um AT Ny front-end electronics

50 pm same/similar
electronics (only 1 channel of
front-end & readout)

——-50um

Garfield++ simulation

—~-25um % e b &
225 um, double S NY The benefit of a slightly better
. — time resolution

Just a proof of concept

> talk with foundries CONS
about assembly and
implementation

= Higher material budget

CFD(signal %)




TESTED LGADs & ELECTRONICS

First very thin LGAD prototypes
produced by FBK

25 pum and 35 pm -thick
FBK single channel

Area = 1x1 mm?

Standard sensors produced by HPK

50 pm -thick HPK

single channel

(W42 & W36 with different
doping concentrations)

Area = 1.3x1.3 mm?

SantaCruz single-channel LGAD
read-out board V1.4 SCIPP

08/18 (Gamplifier ~ 6)

LGAD READOUT BOARD V1.4
SCIPP 08/18

+ Second stage external amplifier
(Gamplifier ~11-1 4)




Configuration example

All the runs were repeated with both
the single sensors of each couple
using the same electronics

/ Ref-25um 50um  35um  25um

/ \ FBK HPK FBK FBK
\UX1 mm?)  (1.3x1.3 mm2) (1x1 mm2)  (1x1 mm2)

Ref-25um 50+50um 35+35um 25+25um

FBK HPK FBK FBK Ref-25um  50pm  35um  25pm
1x1 mm?2 2 2 2 FBK HPK FBK FBK i
“ ) {0-&5l8 ) - (b ) {05l [ )/ Qm mm?)  (1.3x1.3 mm?2) (1x1 mm2)  (1x1 mm2)/ R
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Time resolution extraction example:

Single 25 pm Single 25 pm
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Comparable time resolution for the two single LGAD at a same gain

« Benefit of a slightly better time resolution for double LGADSs (~15%)
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Comparable time resolution for the two single LGAD at a same gain
« Benefit of a slightly better time resolution for double LGADs (~24%)
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* Very uniform LGADs with a standard thickness of 50 pm
« Benefit of a slightly better time resolution for double LGADs (~23%)



COMPARISON TIME RESOLUTION
DOUBLE 25+25 &
SINGLE 50
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The results show that: single 25, 35 um thick LGADs and the ‘double LGAD concept’
can reach a time resolution near to the requirement of 20 ps

FUTURE PLANS

For ALICE 3 in 2023 all the maturated experience will be focused on the
new CMOS LGADs we are going to receive:

Looking forward CMOS LGADs tests

Test of thinner LGADs with a more uniform doping concentration

down to 10-15 pum LGADS, single and double

17



BACKUP SLIDES




Difficulties in the production 2 Different doping concentrations
25 ym-thick LGAD

process

‘ High doping
p

| e
p++ p++

35 pm-thick LGAD

n++ n++
_— —_—
p* process p*

‘ Type inversion

oxygen diffusion
(support wafer >
active substrate)

p-type bulk n-type bulk




Noise =0

Noise = 1000
Noise = 2000
Noise = 3000
Noise = 4000

Garfield++ simulation

|
50

Sensor thickness (pum)




amplitude

Signal example

Trigger: all the signals
Slmultaneouslyabovethe .................................................................................................................................................
threshold

Completed signal waveforms recorded and analyzed offline
- DUTs time resolutions without problems relates to the front-end electronics
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CHARGE

DISTRIBUTIONS
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CHARGE

DISTRIBUTIONS

Charge MPV increases with the thickness
. Measured Charge MPV vs |deal
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TIMING PERFORMANCES

5 160 ~75V | 3 160 165V
< 25 um-thick LGAD —«s80v | & 35 um-thick LGAD  —-170V
S 140 —-90 V 5 140 —-—180V
= —~—100 V = ——=190V
% 120 110 V 3 120 ——200V
o 115y | & 205 V
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g 100 —~120v | g 100 210 V
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Trend and values of 50 pm LGAD totally in agreement with previous results
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TIMING PERFORMANCES

um LGAD~ ~

_I—> worse S/N, not optimized wafer production

Time Resolution (ps)
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10

Time resolution improves

v

confirms previous results
Better values for thinner detectors (v Landau term)
25 & 35 um are compatible within the uncertainties ~25 ps & 22 ps

Time resolution improves
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TIMING PERFORMANCES

Mm LGAD = ~34 ps confirms previous results
Better values for thinner detectors (v Landau term)

25 & 35 um are compatible within the uncertainties ~25 ps & 22 ps
_I—> worse S/N, not optimized wafer production

Time resolution improves R Time resolution improves R
. 80 . 80
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TIMING PERFORMANCES

DRIFT ELECTRIC FIELD CHARGE
80 _ 80
S e25um | & ° 25 m
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*Edrm -> Electric field inside the silicon bulk (drift region)
- extracted from the data considering V and Thickness (Weightfield simulation for the 25 um)




TIMING PERFORMANCE: 25 pm LGAD
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TIMING PERFORMANCE
vs CHARGE: single-double
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DATA ANALYSIS
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\
DATA ANALYSIS FOR THE TIMING PERFORMANCE

Constant fraction discrimination (CFD) technique

M in full Smoothing to remove
easurements in fu high frequency noise

bandwidth (4 GHz) 1 GHz
U) —
;OE) . Measure time difference distributions Entries 41286
uﬁ sl Mean 7.379e-11 . _
10 5 o o2 + 0% — o, — - Self-trigger from the DUTs:
- : 2 Sigma [3.59e-11] Difference between the threshold
- o2 4ot o Gvalue:e 123 crossing time of each couple
9 = 12 = = -value right 1.13
102 | 2 2 bbb :
E _ o4 + 6% — 0% . fit . .
- |37 2 Gaussian shape of the arrival times
10 _ small tails (2.5% of the measures)
— - solved for sensors
— time resolution -
E t35um J[25pm
B (CFD 70%)
TE =
1 11 I P 1 A0 O I I s | 0_9
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
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REFERENCE W5_5-2
45

Time resolution extraction
25 LM REFERENCE

-> Results compatible with the July beam test ~-120g
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TIME RESOLUTION
VS CFD
FOR DIFFERENT

VOLTAGES

DOUBLE 35 (W6_8-5/ W6_7-5)
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SINGLE 50 (HPK2W42 A)

TIME RESOLUTION 0

VS CFD %
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TIME RESOLUTION .
VS CFD -
FOR DIFFERENT
VOLTAGES
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NOISE AND S/N RATIO




TIMING PERFORMANCE: ¢
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NOISE RMS
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RMS BACKGROUND & S/N RATIO
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Capacitance (pF)
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Capacitance (pF)
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ALICE 3 EXPERIMENT




TOF SPECIFICATIONS

Inner TOF Outer TOF Forward TOF

Radius (m) 0.19 0.85 0.15-1.5

z range (m) -0.62-0.62 -2.79-2.79 4.05
Surface (m?) 1.5 30 14
Granularity (mm?) 1x1 5%5 1x1to5x%x5
Hit rate (kHz/cm?) 74 4 122

NIEL (1 MeV neg/cm?) / month ~ 1.3- 10! 6.2-10° 2.1-101
TID (rad) / month 4.10° 2107 6.6-10°
Material budget (%X) 1-3 1-3 1-3
Power density (mW/cm?) 50 50 50

Time resolution (ps) 20 20 20




