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INTRODUCTION
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Time resolution
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Time resolution of BNL produced LGAD sensors (50 m thick) measured in
coincidences from ?°Sr using HPK 1.2 LGAD as reference ( ¢ = 28 ps)

Pre-irradiation sensors with high gain can reach ¢ ” 26 ps

2/16



INTRODUCTION AC-LGAD CHARACTERIZATION SUM
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AD as 4D detectors

Limits of LGADs
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Dead volume (gain 1) extends outside the

JTE and inside the implanted gain layer

Sensors with small pixels/strips will have
Fill Factor «100%. Large pads (1 mm)
are preferred

High-granularity 4D detector not possible...
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Signal AC-coupled through dielectric to
metal pads

Both 100% Fill Factor and fast timing
information can be achieved

Signal shared on neighbouring pads helps
in achieving spatial resolution O(10 m)

Our goal: smaller pixels, but same

as LGADs!
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AC-LGAD CHARACTERIZATION

Characterization of BNL AC-LGAD sensors
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AC-LGAD CHARACTERIZATION

AC-LGAD CHARACTERIZATION
TCT scan

Normalized charge collection [A.U.]
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Response of a strip as a
function of shining
position of IR laser
(Transient Current
Technique scan)

Sensitive to current
induced on sensor

Signal sharing visible when
laser is far from readout
strip (leftmost)

TCT can be used to
characterize signal
sharing between
neighbouring strips
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AC-LGAD CHARACTERIZATION

AC-LGAD CHARACTERIZATION
Signal sharing with TCT scan

Signal sharing characterized as ratio between
signal observed by di[erent strips at
di Lerent distances from IR laser

Characterization of BNL AC-LGAD 16-strips
array (lateral strip pitch 100 m, gap 44 m)

AC-LGAD mounted on 16-channels testing board
by FermiLab

5 mips charge injected by laser
No Landau fluctuations in deposited energy

"ldeal case" for time and space reconstruction
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AC-LGAD CHARACTERIZATION
Signal sharing with TCT scan

Examples of signals shared on di Cerent strips
C1 Cc2 C3 C4

|

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Position of read-out strips with
respect to Laser focus point

Channel | Signal Amplitude [mV] | Shared Signal

C1 21 5 100%
c2 99 2 23%
° C3 35 3 8.5%
C4 6 2 3.9%

c1 c2 c3 ca
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AC-LGAD CHARACTERIZATION

Spatial resolution

@ = Laser position

Use data points and TCT
position information (XtcT)
to find linear calibration
parameters (m', g') for o 00— -0 0
each strip

Spatial resolution computed D
4 5 j2 m via 2 minimization of I3 2
signal fractions observed o A
i i i 2 -
2 _ > mi x+q fi by multiple strips calibration - strip j5
—_— SR —
i=strips Space resolution
reconstructed from
di [erence between laser
P . focusing position (from
- m';q": calibration params TCT) and position
- f': amplitude fraction obtained from 2 e

observed by it strip minimization s/ 16

Il e

- x: laser position



AC-LGAD CHARACTERIZATION

AC-LGAD CHARACTERIZATION

Spatial resolution

Fit result (0.895200 +0.009860) yum

o Measure of the intrinsic bias of the reconstruction
i3 " method

i | Ideal case: huge signals (= 400 mV) means great
R S/N ratio in neighbouring strips

—] Spatial resolutions of 1 m achievable using two
strips near the laser focus point

Interactions with lower deposited charge, such as
—— mips, will show worse spatial reconstruction
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AC-LGAD CHARACTERIZATION

Time resolution

1. Waveforms from DUT and Trigger and 2. Compute TOA difference and
measure TOA at different CFD levels extrapolate width of gaussian

fcrp 90% DUT signal distributions

gV

GFD Trigger

q

Width = {°T = ( PUT)2+( {"9)?

3. Repeat measurement of width for
different CFD of Trigger and DUT

PYT = 6.7 ps (compatible with AC-LGAD jitter)
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AC-LGAD CHARACTERIZATION

Time resolution - Comparison between different geometries

Strip near laser focus

Best =17 ps
CFDPYT = 0.6
CFD"" = 0.4
Best =9 ps
CFDPYT = 0.4
CFD"' = 0.4

pitch/gap: 150/70 m
11 strips

pitch/gap: 100/44 m
16 strips

Strip far from laser focus

Best = 36 ps
CFDPYT =0.6
CFD"" = 0.7
Best = 28 ps
CFDPYT =05
CFD"' =04
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AC-LGAD CHARACTERIZATION

Comparison to Proton test-beam at Fermilab?

In collaboration with A.Apresyan (FNAL, US), K.F.Di Petrillo (FNAL, US), R.E.Heller
(FNAL, US), H.Lee (Kyungpook National University, KR), C.S.Moon (Kyungpook National
University, KR)
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AC-LGAD characterization

AC-LGAD characterization

Proton Test-Beam @ FNAL(US) 2

Results cross-checked at protons test beam,
using the FNAL Silicon Telescope

Beam of 120 GeV protons (beam spot
width: few mm) with 100k protons per 4
seconds spill per minute

Trigger:  scintillator
Track position:  Strip/Pixel Telescope
Photek MCP:  time reference ( « = 10 ps)

2A. Apresyan et al., Measurements of an AC-LGAD strip sensor with a 120 GeV proton beam,
JINST 15 (2020) 09 13/16



AC-LGAD characterization

AC-LGAD characterization

Signal sharing between strips
120 GeV protons

TCT (IR photons)

Consistent signal pro le as a function of protons and IR position

Protons allow to probe the region under the sensor electrode (laser blocked by metal)

Time resolution 30-35 ps for single AC-LGAD strip (jitter+Landau)

Measured time resolution consistent with standard (DC-) LGADs!

Space resolution <15 m! (limited by FNAL Telescope) 14/16



Summary

AC-LGAD sensors have been built at BNL targeting a time resolution of 26 ps,
already achieved using LGADs fabricated at BNL

Use of TCT scans using IR lasers allows characterization of signal sharing, time and
space resolution

Signals from an IR laser with a deposited energy of 5 mips can be reconstructed
with a precision of 1 m

Results obtained in collaboration with FNAL using 120 GeV proton beam show
excellent 4D performances for AC-LGADs (¢=30-35ps, <15 m)and
100% detection e ciency
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Useful Links

Layout and Performance of HPK Prototype LGAD Sensors for the
High-Granularity Timing Detector

Fabrication and performance of AC-coupled LGADs
Measurements of an AC-LGAD strip sensor with a 120 GeV proton beam
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