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Functional characterization of
semiconductor materials and devices
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Measurement of the their electronic properties and performances

Main physical observable: current
Current = F(carrier density; carrier transport)

Carrier (electron-hole) generation | | Free carriers (electron/hole) transport
Recombination/trapping Two mechanisms:
Carrier lifetime T Drift = electric field V=H"E

Diffusion = concentration gradient
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ELECTRICAL PROPERTIES AND PERFORMANCES
OF NATURAL DIAMOND NUCLEAR RADIATION DETECTORS
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Natural IIa diamond from Yakutia (Siberia USSR) 3nsec /div

400 pm thick

p ~ 1015 Q'cm; £€=0.5 pF/cm; Tg — drift velocity - mobility
Dielectric relaxation time = 500 s. Current decay - carrier lifetime

Charge neutrality not maintained
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Electron beam induced current Ion beam induced charge
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NIMB 93 (1994) 516 Grain size effects in CVD diamond detectors
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NIMB 100 (1995) 133 DiamRelMat 12 (2003) 662

o IBIC investigations on CVD diamond Blue light sensitization of CVD diamond detectors
DI ' C. Manfredotti *>*, F. Fizzotti *°, E. Vittone *°, M. Boero **, P. Polesello * Manfredotti*®*, E. Vittone®®, C. Paolini®®. P. Olivero™®, A. Lo Giudice®
. S. Galassini “¢, M. Jaksic ©, S. Fazinic *, I. Bogdanovic * CCE
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Electrons
10 keV

wn oz

S S

4 um
Electrons
40 keV. 2 MeV H+ in Si 3 MeV H+ in Si
20 um

With respect to OBIC, XBIC, EBIC

larger analytical depth Higher spatial resolution
lower scattering through the surface layers :> in buried layers
flexibility due to the possibility of using ions Depth profiling

with different mass and energy
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NIMB 158 (1999) 470 NIMB 267 (2009) 2181

" IBIC analysis of gallium arsenide Schottky diodes IBIC analysis of CdTe/Cds solar cells

. — . R o e B . E. Colombo®®, A. Bosio€, S. Calusi®9, L. Giuntini 9, A. Lo Giudice **, C. Manfredotti®,
DI E. Vittone ™", F. Fizzotti *°, K. Mirri *, E. Gargioni *°, P. Polesello *°, M. Massi ¢, P. Olivero®®, A. Romeo®, N. Romeo*, E. Vittone ***
A. LoGiudice *°, C. Manfredotti *®, S. Galassini ¢, P. Rossi 9, P. Vanni ¢, F. Nava ©
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the material behaves
asa mixture" of two
““electronic phases"
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NIMB 188 (200 2) 130 Characterisation of SiC by IBIC and other IBA techniques

M. Jaksié **, Z. Bosnjak ®, D. Gracin 2, Z. Medunié ®, Z. Pastuovié 2,
E. Vittone °, F. Nava ¢
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NIMB 188 (200 2) 130 Characterisation of SiC by IBIC and other IBA techniques

M. Jaksié **, Z. Bosnjak ®, D. Gracin 2, Z. Medunié ®, Z. Pastuovié 2,
E. Vittone °, F. Nava ¢
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NIMB 188 (200 2) 130 Characterisation of SiC by IBIC and other IBA techniques

M. Jaksié **, Z. Bosnjak ®, D. Gracin 2, Z. Medunié ®, Z. Pastuovié 2,
E. Vittone °, F. Nava ¢
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NIMB 188 (200 2) 130 Characterisation of SiC by IBIC and other IBA techniques

M. Jaksié **, Z. Bosnjak ®, D. Gracin 2, Z. Medunié ®, Z. Pastuovié 2,
E. Vittone °, F. Nava ¢
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NIMB 188 (200 2) 130 Characterisation of SiC by IBIC and other IBA techniques

M. Jaksié **, Z. Bosnjak ®, D. Gracin 2, Z. Medunié ®, Z. Pastuovié 2,
E. Vittone °, F. Nava ¢
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NIMB 188 (200 2) 130 Characterisation of SiC by IBIC and other IBA techniques

M. Jaksié **, Z. Bosnjak ®, D. Gracin 2, Z. Medunié ®, Z. Pastuovié 2,
E. Vittone °, F. Nava ¢
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4H-SIC Schottky diode

Starting Material: 360 um n-type 4H-SiC by CREE (USA)
Epitaxial layer from Institute of Crystal Growth (IKZ), Berlin, Germany
Devices from Alenia Marconi System

CCE=Charge Collection Efficiency
1.50r 2.0 =

MeV H+ (Charge collected)/(Charge generated)

1.5MeV H+ 2 MeV H*
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00,4

Circular Schottky contact
(100 nm Ni, 100 nm Au)
g=5mmord =3 mm Air-bridge

Guard ri{‘ ‘ - (electroplated Au, 3 um)

n, epitaxial 4H-SiC, Si-face
about 50 um thick
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Contribution from the neutral region
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1.5 MeV-—-2 MeV minority carrier
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Polychromatic angle resolved IBIC analysis of silicon power diodes

NIMB 488 (2020) 50

M. Pezzarossa”, E. Cepparrone ", D. Cosic?, M. Jaksi¢“, G. Provatas, M. Vicentijevi¢ d
E. Vittone »“"
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Results:
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NIMB 231 (2005) 491

Temperature dependent IBIC study of 4H-SiC

Schottky diodes

UNIVERSITA E. Vittone *>*, V. Rigato °, P. Olivero *', F. Nava ¢, C. Manfredotti *°,
DI A. LoGiudice ®, Y. Garino *°, F. Fizzotti °
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The fitting procedure provides_a trapping level of about 0.163 eV which is close to the value
found in similar 4H SiC Schottky diodes by DLTS technique (S1 level).
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NIMB 537 (2023) 14
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4 MeV protons

2 um beam spot size (FWHM)
wie Charge sensitivity 1800 electrons/channel -> 14 keV in SiC

Ettore Vittone ™", Paolo Olivero?, Milko Jaksi¢®, Zeljko Pastuovié©

Spectral resolution: 12000 electrons (FWHM) ->94 keV in SiC
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1 - Pristine diode: Lateral IBIC
1404 CCE (%)
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Drift-Diffusion model

Depletion layer
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Complete induced charge
collection (Ramo theorem)
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D_rift-diffusion model L, =(49 + 03)um 7, ~80ns
Simulation :
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‘ Currents Induced by Electron Motion"

SIMON RAMOY, ASSOCIATE MEMBER, LR.E.

arrvares— 4 suothad 44 ErrTe A mEeanr

Proc. of the IRE (1939), 584
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Currents to Conductors Induced by a Moving Point Charge

W. SHOCKLEY

Buil Telephone Labaratortes, D, N2 D0rk, v, i

Journ. Appl. Phys 9;(1938), 635

E£?

F I ]

d

1 = evkE,

Solid-Siaic Elecirorics  Pergamon Press 1904, Vol, 7, pp, 710742, Printed in Greae Dritsin
A GENERAL EXPRESSION FOR ELECTROSTATIC
INDUCTION AND ITS APPLICATION TO
SEMICONDUCTOR DEVICES

J. B. GUNN

Vil = —qleEfaVr). (7}

Nuclear Instruments and Methods in Physics Research A 428 (1999) 72-80

Theoretical framework for mapping pulse shapes
in semiconductor radiation detectors

T.H. Prettyman*

+
cn

i = Vo -Vnt +V-(D,Vn*) —n" /7, + G} (6)

where n* is the adjoint electron concentration. If
nt(r, t) = nur, o). (7)

In other words, all of the charge pulses that can be
produced by a detector for impulses of charge at
discrete locations can be determined by solving
a single, time-dependent problem.
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Nuclear Instruments and Methods in Physics Research B 161163 (2000) 446-451

Theory of ion beam induced charge collection in detectors based on
the extended Shockley-Ramo theorem

E. Vittone *™*. F. Fizzotti *. A. Lo Giudice “*. C. Paolini . C. Manfredotti **

Materials Science and Engineering B102 (2003) 193197

11me-resolved 10n beam-indauced charge collection measurement of

minority carrier lifetime in semiconductor power devices by using
Gunn'’s theorem

C. Manfredotti®*, F. Fizzouti®. A. Lo Giudice®, M. Jaksic®. Z. Pastuovic®,
C. Paolini”., P. Olivero”, E. Vittone"

Nuclear Instruments and Methods in Physics Research B 219220 (2004) 1043 1050
Theory of ion beam induced charge measurement
in semiconductor devices based on the Gunn’s theorem

E. Vittone *

Nuclear Instruments and Methods in Physics Rescarch B 264 (2007) 345-360
A review of 1on beam induced charge microscopy

M.B.H. Breese **, E. Vittone °, G. Vizkelethy €, P.J. Sellin ¢

Nuclear Instruments and Methods in Physics Research B 332 (2014) 257-260

A Monte Carlo software for the 1-dimensional simulation of IBIC
experiments

J. Forneris **, M. Jaksi¢ b 7. Pastuovic©, E. Vittone®
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Semiconductor characterization by scanning ion beam induced
charge (IBIC) microscopy

E. Vittone *®*, Z. Pastuovic®, P. Olivero ®, C. Manfredotti*®, M. Jaksic®, A. Lo Giudice®,

. F. Fizzotti®, E. Colombo*?
UNIVERSITA

DITORINCExperiments to validate SEMimage 4H-SIC Schottky diode
F':k@ the theoretical model B inter-digitated frontal

‘% electrodes
- Finger width: 50 pm 200 pm

- Finger length: 700 um —
- Finger-finger gap = 20 um;
- Finger-guard ring = 70 um.

IBIC map
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Potential map
Vi =100V
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Functionalization of semiconductor materials
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Study of ion induced damage in 4H-SiC

1404
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G, Casiraghi R, Jaksic M see fewer

2 MeV H* IBIC Map of
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IAEA Coordinate Research Programme (CRP) F11016
“Utilization of ion accelerators for studying and modeling of
radiation induced defects in semiconductors and insulators”
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by functionalized devices (by ion beams)

Ion beam characterization
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School of Physics
University of Melbourne Sio,
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POSITION SENSITIVE
DETECTOR

Modeling of ion beam induced charge sharing experiments for the design
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A two-dimensional position sensitive diamond detector
based on the multi-electrode charge sharing effect
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What next
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g Tuesday, 16 January 2018
{ The Italian Agency for Research Evaluation published the list of 180 University Departments funded for excellence.

The Department of Physics of the University of Torino was ranked third best in Italy in its field and
first among those whose project was submitted to peer review evaluation of the proposal.

o JAdnnovative sensors and detectors
WP o Dark universe and cosmic messengers
o Physics of Complex Systems

WPIla is oriented towards the development of devices and sensors based on innovative materials, which will
enable the implementation of advanced methodologies in quantum technologies, biophysics, cultural heritage

and (opto)electronics.

In the field of quantum technologies, a state-of-the-art multi-elemental ion implanter
IS going to be installed at the Solid State Physics laboratory, which will allow the
multi-parametric defect engineering of wide-bandgap semiconductors (diamond,
SIC, GaN, etc.) for the development of innovative single photon sources and
guantum sensors. The ion implanter will operate in synergy with the recently

established class 10’000 cleanroom
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http://www.solid.unito.it/index.html
http://www.solid.unito.it/Strumentazione/CleanRoom/CleanRoom_index.html

UNIVERSITA
DI TORINO Leipzig,

@ January-June 2018

UNIVERSITA DEGLI STUDI DI TORINO University of Leipzig
Direzione Bilanciore Contratti Ritterstrafle 26
Area Appalti e Contratti 04109 Leipzig
Germany

Ref no. 195976 dated 29/05/2019

We hereby inform you that, by Executive Decree no. 2065 of 29/5/ 2019, your Institution has
been assigned the above contract,

100 kV Implanter - University Torino

Design Document

16 December 2019

Prepared by University Leipzig
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Max terminal potential: 100 kV

Ion source: NEC — SNICS I1I

UNIVERSITA 2 beamlines (one currently operational)

DITORING — Typical ion beam current range: 1 pA —1 pA

¢ 90 Irradiation chamber localized within the cleanroom facility
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The multi-elemental ion implanter
Solid State Physics Laboratory
Physics Department, University of Torino
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Probe station

Thermal
processing
chambers

42 m?
Class 10000
clean room
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High power =&
pulsed laser
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From 27/10/2022to 11/05/2023
370 operating hours

Targets: diamond, Si, SiC, Ti, Metal Oxides
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Conclusions
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L The Solid State Physics group of the Physics Department of the
@ University of Torino has been committed since 90’s in IBT

Main contributions

To the development of the IBIC technique for the electronic
characterization of semiconductor materials and devices.

To formulate an experimental protocol, supported by a
theoretical model, for the assessment of the radiation
hardness of semiconductors.

To the development of new position sensitive detectors based
on the sharing of the induced charge in multiple electrode
systems.

To the functionalization of materials by ion beams
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