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Outline

Extensive testing campaign of FBK TI-LGADs (see previous talk by
G.Paternoster) in Torino:

% TCT characterization
> Pads Isolation
> (Gain
> Inactive area width (Interpad)
% Measurement with a 3 source setup
> Comparison of measured signals with simulation predictions
> Time resolution

Siviero F. “35th RD50 Workshop” , CERN, November 2019

Istituto Nazionale di Fisica Nucleare




Outline <R

Istituto Nazionale di Fisica Nucleare

% TCT characterization
> Pads Isolation
> (Gain
> Inactive area width (Interpad)
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TCT <5
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TCT Setup
in Torino

Particulars TCT setup:
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TCT <5

Istituto Nazionale di Fisica Nucleare

TCT Setup
in Torino

Particulars TCT setup:
e [R pulsed laser (1060 nm) — 10-15 pym spot
e Xxy-stage with sub-um precision
e Stage control and DAQ via Labview software
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TCT: Pads Isolation @“

e 2x1 TI-LGAD with optical window for laser testing
e Shoot with laser on one pad to prove it is isolated from the neighbouring one
e Both pads read-out, connected to an oscilloscope

optical window

2x1 FBK TI-LGAD
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TCT: Pads Isolation @“

e 2x1 TI-LGAD with optical window for laser testing
e Shoot with laser on one pad to prove it is isolated from the neighbouring one
e Both pads read-out, connected to an oscilloscope

=2

X1= -15.00ns AX= 29.00ns

X2= 14.00ns UAX= 34.48 Mz 2x1 FBK T/'LGAD

Shooting on — no signal on Pad2
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TCT: Pads Isolation @“

e 2x1 TI-LGAD with optical window for laser testing
e Shoot with laser on one pad to prove it is isolated from the neighbouring one
e Both pads read-out, connected to an oscilloscope

Screenshot from the oscilloscope
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X1= -15.00ns AX= 29.00ns

X2= 14.00ns UAX= 34.48 Mz 2x1 FBK T/'LGAD

Shooting between pads
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TCT: Pads Isolation @“

e 2x1 TI-LGAD with optical window for laser testing
e Shoot with laser on one pad to prove it is isolated from the neighbouring one
e Both pads read-out, connected to an oscilloscope

”.‘ TELEDYNE LECROY
Everywhereyoulook™

—

X1= -15.00ns AX= 29.00ns

X2= 14.00ns UAX= 34.48 Mz 2x1 FBK T/'LGAD

Shooting on Pad2 — no signal on

Siviero F. “35th RD50 Workshop” , CERN, November 2019 )




TCT: Pads Isolation @“

e 2x1 TI-LGAD with optical window for laser testing
Shoot with laser on one pad to prove it is isolated from the neighbouring one
Both pads read-out, connected to an oscilloscope

4% TELEDYNE LECROY 1 4% W TELEDYNE LECROY
N Conharoyoucor ' N Conharoyoucor

=> Pads are well isolated by trenches
=>» Signals as those of standard LGADs
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TCT: Gain measurement <R

Istituto Nazionale di Fisica Nucleare

e Laser focused on the optical window of the device
e Laser intensity setto ~ 1 MIP
e Collected charge Q measured at each voltage for both LGAD & PIN — GAIN =Q, ..,/ Qg
e LGAD and PiN have the same geometry and termination structures
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GAIN

TCT: Gain measurement <R

Istituto Nazionale di Fisica Nucleare

Laser focused on the optical window of the device

Laser intensity set to ~ 1 MIP

Collected charge Q measured at each voltage for both LGAD & PiN — GAIN = Q
LGAD and PiN have the same geometry and termination structures

LGAD / QPiN

43 Exponential trend as
40 o WO standard LGADs
o / (as seenin IV
30 o characterization)
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GAIN

TCT: Gain measurement <R

Istituto Nazionale di Fisica Nucleare

Laser focused on the optical window of the device

Laser intensity set to ~ 1 MIP

Collected charge Q measured at each voltage for both LGAD & PiN — GAIN = Q
LGAD and PiN have the same geometry and termination structures

LGAD / QPiN

43 Exponential trend as
40 o WO standard LGADs
o / (as seenin IV
30 o characterization)
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TCT: Interpad @

e \We measured the inactive area width of the tested sensors with the TCT
e Get the width by scanning two nearby pads — charge vs position

A Charge

Position
<>

&y

Gaussian laser

Width: distance between
A 50% of the s-curves

— The profile is a convolution of the step function with a gaussian (= s-curve)
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Interpad: Tl vs standard LGAD @“

Comparison of FBK productions: UFSD3 vs Trench-Isolated
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Interpad: Tl vs standard LGAD @“

Comparison of FBK productions: UFSD3 vs Trench-Isolated

e L
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Interpad: Tl vs standard LGAD o

Comparison of FBK productions: UFSD3 vs Trench-Isolated

e L
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Interpad: Tl vs standard LGAD o

Comparison of FBK productions: UFSD3 vs Trench-Isolated
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Interpad: 1 vs 2 @

TI-LGADs feature either single-trench and 2-trenches isolation

single-trench 2-trenches
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Interpad: 1 vs 2 @“

TI-LGADs feature either single-trench and 2-trenches isolation

1 Trench (Wafer 5) @300V 2 Trenches (Wafer 5) @300V
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Interpad: 1 vs 2 @“

TI-LGADs feature either single-trench and 2-trenches isolation

1 Trench (Wafer 5) @300V 2 Trenches (Wafer 5) @300V
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Outline <R

Istituto Nazionale di Fisica Nucleare

% Measurement with a 3 source setup
> Comparison of measured signals with simulation predictions
> Time resolution
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Beta setup In Torino <R

Istituto Nazionale di Fisica Nucleare

Sr90 B-source

Measurements at Room temperature

DUT & Trigger inside a dark box

Single channel read-out board optimized for timing

Lecroy 9404HD
40 Gs/s

Beta setup in Torino

1ch read-out board made by Artel
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Beta setup In Torino <R

Istituto Nazionale di Fisica Nucleare

Sr90 B-source

Measurements at Room temperature

DUT & Trigger inside a dark box

Single channel read-out board optimized for timing
DUT + Trigger Telescope, placed inside a specific

structure for alignment \
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Comparison of measured signals CINFN
with simulation predictions

Pad1 Pad2

fﬁ

e TI-LGAD with two pads — Pad1 is read-out

y [um]

Particle trajectory

i,
!
]
i
!

Gain =7.14

Simulated with WeightField2 ( hitp:/personalpages.to.infn.it/~cartigli/\Weightfield2/Main.html )
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INFN

Istituto Nazionale di Fisica Nucleare

Comparison of measured signals
with simulation predictions

Pad1 Pad2
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e TI-LGAD with two pads — Pad1 is read-out
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Comparison of measured signals @
with simulation predictions

a
e TI-LGAD with two pads — Pad1 is read-out E = a .
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Comparison of measured signals CINFN
with simulation predictions

Pad1 Pad2
e TI-LGAD with two pads — Pad1 is read-out g a ;.
holes | ::z
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~osf- 3 -> We expect a bipolar signal on Pad1 when
" \ E particle passes through Pad2
P ... TR - Pad1 sees holes produced in gain layer of Pad2
R '{2] drifting towards the anode (first lobe is indeed

positive)
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Comparison of measured signals CINFN
with simulation predictions

. . ignal on Pad1
e TI-LGAD with two pads — Pad1 is read-out Sig
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Comparison of measured signals @
with simulation predictions

B Pad1 Pad2
% 50 .
e Bipolar signal on Pad1 gets smaller as the particle . L.
crossing Pad2 moves further F;OO
e Disappear at about 100um from center of inactive 20 &
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Comparison of measured signals @
with simulation predictions

Signals on Pad1 when particles hits Pad2

>
1S

Confirmed by

4 Q experimental data!
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e Effect not seen in standard LGADs because of the much wider distance between gain regions
e This is an important proof of the very narrow gap separating active areas in TI-LGAD
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Time resolution @

To measure the time resolution:

e Times of passage of the particle in DUT and Trigger are measured — t_ ., tTrigger

e Define the time difference: At = t_ ;. - tTrigger — At has a gaussian distribution
® Oy .cureq OF At distribution is the squared sum of DUT and trigger resolutions
Orrigger = SOPS is known and fixed — o, = \/(ONIeasure - GTriggerz)
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Time resolution @

To measure the time resolution:
e Times of passage of the particle in DUT and Trigger are measured — t_ ., tTrigger
e Define the time difference: At = t_ ;. - tTrigger — At has a gaussian distribution

Measureg Of At distribution is the squared sum of DUT and trigger resolutions
2

— . . — 2
Origqer = 30PS is known and fixed — oy, = V(O meured” Orrigger’)

2-trenches TI-LGAD ( W5 ) @300V
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Time resolution @

To measure the time resolution:
e Times of passage of the particle in DUT and Trigger are measured — t_ ., tTrigger
e Define the time difference: At = t_ ;. - tTrigger — At has a gaussian distribution
® Oy .cureq OF At distribution is the squared sum of DUT and trigger resolutions
2

— . . — 2
Origqer = 30PS is known and fixed — oy, = V(O meured” Orrigger’)

2-trenches TI-LGAD ( W5 ) @300V
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Conclusion @

Trench-lsolated LGADs are innovative detectors with a significantly improved fill factor
compared to standard LGADs
An extensive testing campaign has been carried on in the laboratory of Innovative Silicon
Detectors of Torino University / INFN
Laser characterization with Particulars TCT setup was performed:

o Pads of TI-LGAD devices are isolated — trenches work well

o TI-LGADs exhibits gain as standard LGADs

o Inactive area width of only 7-9um almost a factor 5 less than standard LGADs
Time resolution of 43ps achieved with Sr90 source

=> A promising detector for future experiments requiring very high fill factor!!!
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Thank You!



Istituto Nazionale di Fisica Nucleare

Acknowledgements

We kindly acknowledge FBK for providing sensors and
support during the testing campaign

Siviero F. “35th RD50 Workshop” , CERN, November 2019



Backup



3
=,
o
o
2
<
<
3]

7000

6000

5000

4000

3000

2000

1000

o

INFN

Interpad of a PiN structure

TI PiN(Type 1) Interpad Distance

il
T T
St
E| \‘ll
0

Attempt to measure interpad of a
no-gain structure:
-— e Interpad is negative (-2 £ 2 um)
— compatible with O um
e The limit of the system is reached
e A 0 um interpad can be measured
with TCT

Siviero F.

“35th RD50 Workshop” , CERN, November 2019




Current [A]
o o
(9] o 4] -i

|
Y

IX
b
o

Comparison of measured signals @
with simulation predictions
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