lon Beam Analysis for Materials Characterization

G. Maggioni

Istituto Nazionale

> Laboratory of Materials Physics for Nuclear Physics at INFN-LNL (MatLab-LNL) & N

c
Laboratori Nazionali di Legnaro

5\ UNIVERSITA

» University of Padua

92 pECLI STUDI
DI PADOVA
Pe[r)s%np/lel mvglved MatLab-LNL
- 2. viagsion *  Since 1992

* Dr.S. M. Carturan . Radiation d _ g d blastic scintill
« Dr.W. Raniero adiation detectors: gamma detectors and plastic scintillators
« DrS. Bertoldo * Nuclear targets
* Dr.C. Carraro
* Prof. D. De Salvador Activity at the AN2000 accelerator
* Dr. F. Sgarbossa . e :
- Dr. V. Rigato Materials characterizationin the frame of R&D projects

* Dr. M. Campostrini

LNL User Meeting 16-17 November 2023 AN2000



Analytical techniques

* Rutherford Backscattering Spectrometry (RBS, *He up to 2 MeV)
e Channelling RBS (*He up to 2 MeV)

B « Elastic Recoil Detection Analysis (ERDA “He 1.6 MeV)

% * Nuclear Reaction Analysis (NRA 1H 1.6 MeV, 660 keV, ....)

M Analysis Chamber

* Elemental composition: qualitative and quantitative
* Contamination

* Film thickness (down to a monolayer)

 Hydrogen measurement

* Materials structure

| AN2000 - 60°Beam Line
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Analytical techniques

* Rutherford Backscattering Spectrometry (RBS, *He up to 2 MeV)
e Channelling RBS (*He up to 2 MeV)

 Elastic Recoil Detection Analysis (ERDA “He 1.6 MeV)

* Nuclear Reaction Analysis (NRA tH 1.6 MeV, 660 keV, ....)

Multiayer Technology Past R&D Activities
' Methanol vapour
0.012 500ppm;1000ppm:400ppm:2000ppm 650 ppm
— 0.008
]
8 ‘
2 0004
3 < H
EUV Multilayer Mirrors 0.000}

Luminescent Solar
Concentrators

Dichroicfilters for
photovoltaic applications

Time (min)

Optical gas/VOC sensors
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Analytical techniques

* Rutherford Backscattering Spectrometry (RBS, *He up to 2 MeV)
e Channelling RBS (*He up to 2 MeV)

B + Elastic Recoil Detection Analysis (ERDA “He 1.6 MeV)

@ * Nuclear Reaction Analysis (NRA 'H 1.6 MeV, 660 keV, ....)

| Analysis Chamber

+ N3G (CSN 5 INFN)

+ VIRGO (CSN 2 INFN)

c + OREO (CSN 5 INFN)
urrent > « BEYOND (CSN 5 INFN)

R&D Projects e PLUS (CNR-IFN Padua)

+  LUNAS3 (CSN 3 INFN)

. GAMMA (CSN 3 INFN)

2 . SPES
| AN2000 - 60°Beam Line o
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@ N3G - Next Generation Germanium Gamma Detectors

Istituto Nazionale di Fisica Nucleare

Call of 5t INFN Commission — 2021/2024 ,

Pl: Prof. D. De Salvador (UniPD) Pulsed Laser Melting (PLM)
Research Units: LNL, PD, FE, MI pulse <100 ns

ALY (Laser
Doping layer 7 1) Doped layer
To implement Pulsed Laser Melting |
technology for the production of
complex segmented HPGe coaxial sl R

detectors Clean sputtering
deposition chamber |,

Regrown layer

FWHM (1332.50KeV) < 1.8 KeV
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@F?\I N3G - Next Generation Germanium Gamma Detectors

Istituto Nazionale di Fisica Nucleare

Dopant film
sputter deposition
on coaxial crystal

Doping elements: - Al, Ga (p+ dopant), Sb, P, Li (n+ dopant)
[- Ge codeposited or cap layer]

* As-deposited doping layers: characterization of film thickness, composition,
presence of contaminants, thickness homogeneity (RBS, channelling RBS, NRA)

Film thickness homogeneity
191020GeAlsuC RR Tx -4 Ty -4 C R180319C ] Dep 106 - Al Dose Al Dep 106 - Ge Dose Ge
- 8_1)(1016 1‘70)(1017 LA L L B BB BN L L T T T T T T T
- 404 " 40 i _ H f
4 i o i 221020GeGaevapsuSi RR ]
i 304 - 9 = 7.8x10 304 R i 231020GeevapsuSi RR ]
I 1.60x10"7 = o
] 204 r7.6x10% 20 4 i 1
10 - 7.4x10"° 10 L 1 50x10'7 [ Ga[Ge] ]
] mm o+ [ F7.1x10% 04 I r i
-10 L 5.9x10% -104 - 1.40x10"7 L
0O A Ge.  *
] 20 . 1.30x10"7
J 6.4x10'6 “ ]
] 40 404
e A 6.2x10"° 1.20x10"7
40 -30 20 -10 0 10 20 30 40 40 -30 20 -10 0 10 20 30 40

mm mm
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@F?\I N3G - Next Generation Germanium Gamma Detectors

Istituto Nazionale di Fisica Nucleare

Doping elements: - Al, Ga (p+ dopant), Sb, P, Li (n+ dopant) Sputtering
chamber

[- Ge codeposited or cap layer]

* As-deposited doping layers: characterization of film thickness, composition,
presence of contaminants, thickness homogeneity (RBS, channelling RBS, NRA)

Film thickness homogeneity

Qo

]

oo A
[*1e]
22
7 &
Z3%]
~R
~ R
co

Dep864VP_1_ uSi
Dep864VP_1_GesuLi2OsuSi

- 7Li(p,a)He?
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@F?\I N3G - Next Generation Germanium Gamma Detectors

Istituto Nazionale di Fisica Nucleare

Dopant film
sputter deposition

Doping elements: - Al, Ga (p+ dopant), Sb, P, Li (n+ dopant) on coaxial crystal
[- Ge codeposited or cap layer]

* Laser annealed layers: study of the dopant diffusion (RBS, channelling RBS, NRA)

RBS RBS+Channelling RBS
SIMS

I—— 1 pulse, total Sb
— — -1 pulse, active Sh
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e110_dep896_900mj_out RF outspot

el9_spot61_900mj 32pl RR
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VIRGO
(CSN 2 INFN)

Sputtering chamber ES

Low Noise mirror coatings for Gravitational Waves (GW) Interferometers

- Deposition and characterization of a-Si and SiC: film thickness, composition, presence
of contaminants (RBS, ERDA)

- Characterization of a-Si, AlF;, SiO,, Si;N, e TiGe, O, films produced in the collaboration:
film thickness, composition, presence of contamlnants (RBS, channeling RBS, ERDA)

i S
Channelling RBS RB ERDA
S — T S
-—,—— I
. UM_C10X10X1_22 005_Amato RF 1 ]
GranataAlF3suSiasdep chamneled Tx -2 Ty 0 UM_CL0X10X1_22_003_Amato . . L UM_CI0X10X1 22 001 Amato Rx 75 tx -5.3 ty 2 242+2+2+2+]
UMLCIOXTOXT 22 001 Amato RI a'S| ] . UM_CIOXI0X 12227003 _Amato Rx 75 2424221242 uC .
AIF B - UM_C10X10X1-227005_Amato Rx F52uC Tx -3.8 ty 2.2 24
3 H ]
|
‘ .
|
|
Mo Xe Ta- ] ; d
. . SiC-coate
ﬂ : ] sample
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VIRGO
(CSN 2 INFN)

Low Noise mirror coatings for Gravitational Waves (GW) Interferometers

- Deposition and characterization of a-Si and SiC: film thickness, composition, presence
of contaminants (RBS, ERDA)

- Characterization of a-Si, AIFE, Si0,, Si;N, e TiGe,O, films produced in the collaboration:
film thickness, composition, presence of contaminants (RBS, channeling RBS, ERDA)

RBS RBS RBS

C23040 RF alta statistica Sio :
Si 2 1

C23037 RR con integrale Ar x eventuale desorbimento

- TiGe,O, Ge || -

I — GranataD21026SiNxonC static Tx 0 [[y 0 Si N
3"%4

Si

Ti
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OREO
PI: L. Bandiera (FE) (CSN 5 INFN)

Research Units: Fe, LNL, MIB

after surface treatment
before surface cleaning 105 90

5000

1 se 4 . 4500 <
Ultra-compact calorimeters for ultra-relativistic particles based on gggg% w
oriented crystals 150 /

PWO cystal

3000

165

* Ultrafast PWO scintillator (PWO-UF*): good crystallographic properties; 180 o
scintillation decay with a time constant of 640 ps at a light yield of 7 105\
phe/MeV and a high radiation tolerance to the electromagnetic A
component of ionizing radiation. It is considered a candidate for dual 333% NNV
readout of scintillation and Cherenkov photons in electromagnetic 5000
calorimetry at future collider.

k]
2
>
[%2]
[a]
o
“—
S)
©
—
(o)
)
2
£

e Crystal quality TEST by XRD (FE), RBS-Channeling (AN & CN) (LNL),
photoelastic conoscopic method (FE)

* Prototype construction: realization of a 3x3x2 matrix of oriented
PWO-UF crystals. Mechanics and precise mounting (FE), SiPM based
readout system (Ml), with the development of a technology
applicable to large calorimeters;
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BEYOND

o
S
. # .

PI: llaria Fratelli, INFN-BO — flexiBIE hYbrid neutrON Detectors — CSN 5 INFN — 2023/24
Research Units: BO, LNL, PD INFN - Grant Giovani Ricercatori e Ricercatrici
AlM Flexible TN THERMAL NEUTRON

scalable, large area devices based on perovskite (PVK)

and organic materials (OP) for the detection of thermal
and fast neutrons

» Electrical Contact

— Semiconductor

o convertitor
| (1OB)
— > Electrical Contact

0,5-3 um

Energy (MeV)
0.4 0.6 0.8 1.0 1.2
40

RBS I‘

Deposition and characterization
of 198 and °B,C: film thickness,
composition, presence of
contaminants (RBS)

Applications

Normalized Yield

—_——— Ty
100 200 300 400 500
Channcl
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AlM

delle Ricerche

Spectrometer for observations in the far
and extreme ultraviolet (FUV/EUV) region

UV Grating

to probe the lunar exosphere
-_—

/?.

SiC thickness: 70 nm (RBS and profilomter).
Grooves density: 1190 lines/mm (AFM)
Average blaze angle: 4.55° (AFM)

Lunar terminator
T detector

// 2~
Door with o
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%, readoutASIC

,,,,,, sl Deposition of SiC, films on optical
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o2 S~ e gratings to increase their reflectivity
R : e
E Powe:‘;u I conte) : N ¢ iy
D‘ e~
L o readoutASIC FUV grating g
| 460 mm

LNL User Meeting 16-17 November 2023




v )~ LPJL’WET"“Y «r I INAF UNIVERSITA
LTRAVIOLET )
' ISTITUTO NAZIONALE DEGLI STUDI
SPECTR 'S NATIONAL INSTITUTE DI PADOVA
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delle Ricerche MILANO 1863

Sputtering chamber ES

Film stoichiometry

SiC target

Dep76es_SiCxsuSi channeled
Dep77es_SiCxsuSi channeled Tx -2 Ty 2

Dep64ES_Dep745VP_C static
Dep66ES_Dep747VP_C#1 static

Si

60
Deposition Nr. of Si Dose Si Dose C Si/C %
nr. pieces (x10'3 at/cm?) (x101 g,
at/cm?) =
- - — UV Reflectance £=
5 i . . £
of SiC, films 3
64 4 297.3 259 1.15 ©
65 3 28 1 274 1 04 ’ 40 50 60 70 80 90 100 110 120 130
Wavelength, A (nm)
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LUNA3 (CSN 3)

Pl: G. Imbriani (NA)
Research Units: BA, GE, LNGS, LNL, MIl, NA, PD, ROMA1, TO

* Nuclear target synthesis (Nitrides, Oxides and
Hydride) with reactive magnetron sputtering
technologies using also enriched gasses

* Engineered thick coating as substrate, high purity and
low contaminants content target substrate
development for beam induced background reduction

e Characterization of targets and thick coatings by IBA,
SEM-EDS, AFM and other techniques

Chamber Q

LNL User Meeting 16-17 November 2023

14N(p;V)150
experiment, the
first shift is
ongoing at
Bellotti facility
(LNGS)

2H(p,y)3He
reaction above 300
keV at Felsenkeller
using ZrD2 targets

Sodium Niobate target deposited on
tantalum backing for 23Na(p,a)?°Ne
experiment

First test performered at LUNA400
facility (LNGS) in June 2023

Deposition process under investigation

AN2000
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