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Charge transport in LGAD using IBIC technique =

* lon Beam Induced Charge microscopy

ORTEC 142A or
AMPTEK A250

Low-noise
Charge sensitive preamp

==

LGAD samples info:
Active volume:

Full depletion: 61V
Breakdown: =160 V

Negr (p*) ~ (e'® —e')em™3
Neff (n++) ~e?0cm—3
Nesr (p*) ~ (e'® —e')em™3
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Charge transport in LGAD using IBIC technique =

* lon Beam Induced Charge microscopy

ORTEC 142A or
AMPTEK A250

Low-noise
Charge sensitive preamp

Probing ion
beam +
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Charge transport in LGAD using IBIC technique

* lon Beam Induced Charge microscopy Interaction volume

ORTEC 142A or between the ion and
AMPTEK A250 the detector is well

Low-noise defined
Charge sensitive preamp

Spatially resolved

==

LGAD samples info:
Active volume:
Full depletion: 61V
Breakdown: =160 V
Negr (p*) ~ (e'® —e')em™3
Neff (n++) ~e?0cm—3
Negr (p*) ~ (e'® —e'")em™3

it information
:';_‘ * b. q
10 Probing ion R/L = 60%
beam + Low energy ion .
i P \\/5/“
______ R_ ____.l
High energy ion R/L=95%
[ p ] ' o
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Charge transport in LGAD using IBIC technique

* lon Beam Induced Charge microscopy

ORTEC 142A or
AMPTEK A250

Low-noise

Charge sensitive preamp
t p
& © Probingion
" beam +
! p
++
P
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Interaction volume
between the ion and
the detector is well
defined

Spatially resolved
information

==

LGAD samples info:
Active volume:
Full depletion: 61V
Breakdown: =160 V
Nerr (p*) ~ (e —e')em™
Neff (n++) ~ ezocm—3
Negr (p*) ~ (e'® —e'")em™3

R/L = 60%
Low energy ion \‘\},,
______ R_ R
_ _ R/L=95%
High energy ion w
__________________ q

Spatial resolution defined by the beam spot, usually £ 1 pm
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Charge transport in LGAD using IBIC technique

1.81 MeV Li* Viens=T0V

* lon Beam Induced Charge microscopy A B 125
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Spatial resolution defined by the beam spot, usually £ 1 um




Gain suppression in Low Gain Avalanche Diodes (LGAD) H:

Lower then expected signal amplitude has been 9“'T go.ah 'nves'?'gate.the role of
. . . . . ionization density using MeV
observed in studies with MeV ions, laser light and

) ions with
alpha particles [REF: 1, 2] 1) different penetration depths,

GEHVISR IS CLRURVEVPPALEHEIN 2) changing angle of incidence




Gain suppression in Low Gain Avalanche Diodes (LGAD) H:

Lower then expected signal amplitude has been 9“'T go.ah mves’?'gate.the role of
. . . . . ionization density using MeV
observed in studies with MeV ions, laser light and

) ions with
alpha particles [REF: 1, 2] 1) different penetration depths,

GEHVISR IS CLRURVEVPPALEHEIN 2) changing angle of incidence

1) Different penetration depths
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

Our goal: investigate the role of
ionization density using MeV
ions with

1) different penetration depths,

GEHVISR IS CLRURVEVPPALEHEIN 2) changing angle of incidence

Lower then expected signal amplitude has been
observed in studies with MeV ions, laser light and
alpha particles [REF: 1, 2]
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths 2) Changing angle of incidence
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths

16 18 20 22 24 26 28 30 32 34
X (um)

2
£305E

5
> 20 F

G. Kramberger — KDetSim code

&
@ o
e

X (pm)

2) Changing angle of incidence

==



Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths

G. Kramberger — KDetSim code
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths

G. Kramberger — KDetSim code
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths 2) Changing angle of incidence
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths 2) Changing angle of incidence
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths

G. Kramberger — KDetSim code
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths 2) Changing angle of incidence
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Gain suppression in Low Gain Avalanche Diodes (LGAD)

1) Different penetration depths 2) Changing angle of incidence
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Please see previous reports
from the Seville group:

Sebastian Pape - 40t meeting

Maria Del Carmen Jimenez
Ramos — 38™ meeting

Andreo Crnjac, 41st RD50 meeting, Seville, Spain
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technische universitaf
dortmund

Influence of a broadening charge carrier density

Charge carrier density broadens during drift towards
collecting electrode

> Lowers the charge carrier density that arrives at the gain layer

> Deeper deposition —® longer drift time — higher
influence of broadening —# less gain reduction / higher gain

Needed to compare measurements from different deposition
depths

Side note:

For high enough charge carrier densities plasma arises,

which prolongs the collection time (influence of plasma on

the charge carrier density shape is not considered).

- The drift time measured at a low laser intensity is taken
to model diffusion for all laser intensities

23.06.2022 40™ RD50 workshop — S. Pape
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Gain suppression when the Bragg peak is in the active volumen

1) Between 70° and 85° the number of the electrons created closer to the anode becomes larger.
The multiplication factor grows exponentially with the distance travelled by the electrons within the multiplication layer.

keVi{gim-ion) keVi(pm-ion) keV/{em-ion)

M layer
P M laye = ) -
M layer o |_<| 1 layer I_(J 0 =85°
By

technische universitaf
dortmund

0

X [pm] X [pm]

dening charge carrier density

T of ormm——re (2%
2) Due to ambipolar diffusion, the closer the Bragg peak is deposited to 7 : ; ,I | | [ OnsT] owards

the gain layer, the higher the ionization density because the carriers 0 ',',5[,‘1'.;,5[;4 ':@' - ‘[,' = '5[,' i 'm(; o '|50' ;

have less time to diffuse in the direction perpendicular to the electric Zlpml .

field. T 10 es at the gain layer
Appl. Phys. Lett. 108, 041107 (2016) g “ s ] 08 £
FIG. Direct observation of free-carrier diffusion inside silicon. A microplasma > & - :_ " -: = — hlgher
induced by two-photon ionization with a focused femtosecond laser pulse. High- m E 25ns 1 08 . . .

b duction / higher gain

resolution images acquired for different delays between pump and probe (bottom
images) reveal directly the expansion of the microplasma by free-carrier diffusion.

* Needed to compare measurements from different deposition
depths

Please see previous reports
from the Seville group:

Side note:
For high enough charge carrier densities plasma arises,
which prolongs the collection time (influence of plasma on Si
the charge carrier density shape is not considered).

- The drift time measured at a low laser intensity is taken

to model diffusion for all laser intensities

Sebastian Pape - 40t meeting

Maria Del Carmen Jimenez

Ramos — 38th meetin g 23.06.2022 40™ RD50 workshop — S. Pape 10

Andreo Crnjac, 41st RD50 meeting, Seville, Spain December 1st, 2022




Current signal (a. u.)

" 2 GHz bandwidth
Additional examples lon - TCT \\
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. Radiation d
Additional examples "2¢HON Camage

ION:
LET ME PROBE ALSO ION:
THAT DETECTOR BUT | LIKE TO DAMAGE

Andreo Crnjac, 41st RD50 meeting, Seville, Spain December 1st, 2022 _




. Radiation d
Additional examples "2¢HON Camage

-1.00
Comparison of A IBIC map ION:
pristine and LET ME PROBE ALSO ION:

Charge [fC]

proton damaged THAT DETECTOR BUT | LIKE TO DAMAGE

diamond
detector charge
transient signals

Awwmwwmw )
=B

Single traces induced in
the damagaed regicn at 500 K

—— Trace without a slow component
W —— Trace with a slow companant

T T T T
o 10 20 30 40
Time [ps]

7 =T T exp(—E,/kgT)
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Charge [fC]

. Radiation d
Additional examples "2¢HON Camage

-1.00

Comparison of A IBIC map ION:
pristine and LET ME PROBE

diamond
detector charge
transient signals
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X
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254 detrapping

Single traces induced in
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0 _W —— Trace with a slow component
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Charge [fC]

Additional examples

-1.00
Comparison of IBIC map
pristine and
proton damaged
diamond
detector charge

transient signals
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ALSO ION:
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Charge [fC]

Comparison of

Additional examples

pristine and
proton damaged
diamond
detector charge
transient signals
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Radiation damage

BUT I LIKE TO DAMAGE

DIAMOND

smacer lon Micro Beam
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Charge [fC]

. Radiation d
Additional examples "2¢HON Camage

-1.00
Comparison of A [EUC Ta ION:
pristine and LET ME PROBE ALSO ION:
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. Radiation d
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Charge [fC]

Additional examples
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diamond
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Summary

* MeV ions injected in LGAD samples to induce high ionization and study gain suppression physics

* Deeply penetrating protons experience lower gain suppression with increasing electric field as
compared to shallow penetrating protons — diffusion of the charge cloud

* Probing with frontal and 45° ion beam with similar ionization profile demonstrates critical
influence of ionization density on gain performance

* lon-TCT signals induced by ions injected from the top and the back side — shape analysis

* Additional ion microprobe capabilities: o e
* Selective introduction of the radiation damage
* Online monitoring of the accumulated fluence

REFERENCES: i
Advanced Materials and International Atomic Energy Agency

Detectors. Nucl Instr Meth(2022) A1031:166530.
[2] Jiménez-Ramos, M.C,, et al. Study of lonization Charge Density-Induced Gain .
Additional support:

Suppression in LGADs. Sensors 2022, 22, 1080. .

v, , , , , H2020 Research and Innovation programme
[3L.Jak.5|c M. et al. lon .I\/Ih|crro]beam. Stud@s of| Charge Tra'nsport in S(lam|](ionductor | (Grant No. 101004761)
radiation Detectors With Three-Dimensional Structures: An Example of LGAD. ' Slovenian Research Agency project (J1 — 1699)
Front. Phys. (2022) 10:877577. e -
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Trans-national access to RBI facility AIDA

Collaborations from the last 6 years regarding detector testing RADIATE ¢

==

900000 -

Through the and RADIATE (more than 20 experiments) o000

AIDA-2015-1, Study of radiation damage in scCVD diamond, Jerzy Pietraszko, GSI, Germany (26-30.10.2015.)
AIDA-2015-2, Diamond Membranes for Radioisotope Batteries, Michal Pomorski, CEA, France (15-19.2.2016.)
AIDA-2015-4, 3D diamond, Alexander Oh, University of Manchester, UK (11-15.4.2016.)

AIDA-2016-1, Single crystal diamond Shottky diodes for microdosimetry, Claudio Verona, Italy (24-28.10.2016).
AIDA-2016-2, Microbeam tests of silicon telescope for dosimetry, G. Magrin, Austria (18-20.1. and 9-10.2.2017.)
AIDA-2017-1: Diamond Membrane Microdosimeter, M. Pomorski, CEA, Erance (2-5.5.2017.)

AIDA-2017-4: CVD diamond Time of Flight detector with interdigitated electrodes, W. Cayzac, France (6-10.11.2017)
AIDA-2017-5: Polycrystalline 3D Diamond IBIC and TRIBIC characterisation, A. Oh, Manchester, UK (27.11.-2.12.2017).
AIDA-2017-2: Analysis of graphite pillars buried in sc-CVD diamond , G. Conte, [taly (12-14.9.2017. and 20-21.3.2018)
AIDA-2018-1: Single event upsets in CMS pixel ROC, Wolfram Erdmann, PSI Switzerland_(2.7.-6.7.2018).
AIDA-2019-1: IBIC of monolytic pixel detectors, Rogelio Pinto, University of Sevilla, Spain (19.8.-23.8.2019).

1. E. Vittone, Italy, Differential IBIC analysis for the measurement of carrier lifetime in silicon pin diodes (20.-22.5.2020)
2. M. Pomorski, France, 3D scCVD diamond membrane microdosimeter for quality assurance in hadron therapy (24.-27.8.2020)
3. A. Oh, UK, Charge collection of 3D diamond and LGAD test detectors with the proton microbeam (7.-11.6.2021)
4. R. Pinto, Spain, Response in monolithic particle detector for the RD50 collaboration (14.-18.6.2021)
5. C. Verona, Italy, Characterization of AE-E single crystal diamond based telescope for microdosimetry application (5.-9.7.2021)
6. E. Vittone, Italy, Hydrogen thermal donors in silicon (22.-24.2.2022)

7. C. Verona, Italy, IBIC characterization of single crystal diamond devices for microdosimetry application (7.-11.2.2022)

8. A. Oh, UK, Investigation of charge collection of hexagonal and cubic 3D diamond detectors (4. — 8.4.2022.)

9. M. Camarada, Switzerland, Study of charge transport response of Silicon Carbide sensors (2.-6.5.2022.)

10. M. Camarada, Switzerland, Study of high temperature charge transport response of SiC (planned for 19.-23.9.2022)

New applications — EuroLABS (2022 — 2026)

This proposal brings together for the first time in
Europe the three communities engaged in Nuclear
Physics and Accelerator/ Detector technology for

Facility Coordinator

Type of facility Access provider Infrastructure Country

Contact

Beam test CERN PS & SPS International Organization Barbara Holzer
DESY DESY-| Germany . Marcel Stanitzki

Psl PIM1 UCN Tilman Roh

| Detector characterization RBI RBI-AF Croatia Stiepko Fazinié
ITAINNOVA EMClat Spain Eernando Arteche

Irradiations CERN IRRAD Intemational Organization Federico Ravorti

High Energy Physics. E U R @ v L A B S . eestors gt | Mt

https://web.infn.it/EURO-LABS/wp4/
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