IBIC - ION BEAM INDUCED CHARGE
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detectors, application examples, perspectives
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ION BEAM ANALYSIS

Ruder Boskovié Institute

UNIQUENESS: numerous processes

emitted particles (nuclear reactions) - NRA

y—rays (nuclear reactions) - PIGE

I

lon beam

charge creation
(ionization) - IBIC

Recoil nuclei (elastic
scattering) - ERDA

¥
-
-

x-rays (ionization) - PIXE

backscattered particles

(elastic scattering) - RBS TARGET / SAMPLE

&

secondary electrons

scattered particles
(elastic scattering)

ERDA; RBS — depth profiling

(ionization) - SEI  light (ionization) - IL
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1. ACCELERATORS - Available ion beams

| o -
Terminal voltages — 0.1 to 12 MV it C

lon sources — sputtering,
RF alphatross, duoplasmatron

He

Good selection of ion ranges / dE/dx
Il

mmm

Range(um) 0.37 : :
E=1 MeV

Range (um) 3.7 4.8 9.5 69.7 709
E=10 MeV

proton



1. ACCELERATORS - Available ion beams
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1. ACCELERATORS - heavy ion microprobe

0000

40000

Total Sum RO Sum RO#  [Counts Cursor
JOI0007048  |HRE TR SEE00 BT 127 (0. 480375

Transmission image of 11
MeV C3*through Cu grid

Typical resolution 1 um
Best resolution 0.4 um




1. ACCELERATORS - heavy ion microprobe
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« Maximum energy 15 MeV
ME/q2

« Beam currents = 0.1 fA
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2.1BIC - ION BEAM INDUCED CHARGE

IBIC - single ion technique for imaging of
microscopic distribution of charge transport EFG silicon
properties !

- Imaging of grain boundaries, defects (such as

dislocations), electric field (polarization),... F rO n t;



2.1BIC - ION BEAM INDUCED CHARGE

IBIC - single ion technique for imaging of
microscopic distribution of charge transport
properties !

- Imaging of grain boundaries, defects (such as CVD diam 1997
dislocations), electric field (polarization),... Fdr‘Oﬁt‘




2.1BIC - ION BEAM INDUCED CHARGE

b) Creation of charge pairs ¢
€) Charge transport: ]
 Drift - in electric field

a) lons lose their energy dE/dix

/h

 Diffusion

d) Induced charge
e) IBIC signal
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=0 Vit  W.Shockley, J. Appl. Phys. 9 (1938) 63
—— S. Ramo, Proc. .LR.E. 27 (1939) 584.
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=1 Vit  W.Shockley, J. Appl. Phys. 9 (1938) 63
—— S. Ramo, Proc. .LR.E. 27 (1939) 584.
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=2 Vit  W.Shockley, J. Appl. Phys. 9 (1938) 63
—— S. Ramo, Proc. .LR.E. 27 (1939) 584.
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=3 Vit  W.Shockley, J. Appl. Phys. 9 (1938) 63
—— S. Ramo, Proc. .LR.E. 27 (1939) 584.
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=4 Vit  W.Shockley, J. Appl. Phys. 9 (1938) 63
—— S. Ramo, Proc. .LR.E. 27 (1939) 584.
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=5 Vit  W.Shockley, J. Appl. Phys. 9 (1938) 63
—— S. Ramo, Proc. .LR.E. 27 (1939) 584.
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=6 V
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=7 V
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=8 V
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

T=9 V
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

=10 Vv
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2.1BIC - ION BEAM INDUCED CHARGE

Induced current - Induced charge -

=11 Vv
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2.1BIC - ION BEAM INDUCED CHARGE

T - charge carrier lifetime
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2.1BIC - ION BEAM INDUCED CHARGE

TRIBIC — time resolved IBIC 2
(by cathode) CdZnTe LS
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2.1BIC - ION BEAM INDUCED CHARGE

IBIC line scan (anode to cathode) cdznTe

I For CCE=100%
1.0

r-l---L-A---I--I------------b/
09 H + 329K .
! . 322K (nt).=(1.4)*10-3 cm?/V
) e 206K - _
T 287 K 3 (ut),=1*10° cm?/V
07 H 256 K ~
: - 238K 1
0.6 14 ¢ 211K - l
Ll i ¢ 177K S i
Q 051 s S )
O ' . I ow
04 4 A : —
| ° | s R e
0.3 1 s 1 e
0.2 It Z : :
L — ~— i '_'_:-‘.;.; W
R e
0.1 s e - |° 5:\\\ e
0.0 J : ! e -'-1-"," - \ =
0 25 50 75 100 125 150 175 200 225 250 275 i o
distance from anode (channels) v M

T=166 K T=329 K

Dependence on
temperature




2.1BIC - ION BEAM INDUCED CHARGE

TRIBIC — time resolved IBIC
CdZnTe
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3. ION BEAM INDUCED DEFECTS
MICROSTRUCTURING OF DEFECTS

Irradiation of certain
regions in test samples
will increase defect
concentration and
decrease IBIC signal MONDRIAN




3. ION BEAM INDUCED DEFECTS

EVOLUTION OF DEFECT CONCENTRATION

after 5.10° p/cm? 11 after 1.5-10"° p/cm?

Mobility of defects (as in
CdZnTe)

Irradiated area



3. ION BEAM INDUCED DEFECTS

EVOLUTION OF DEFECT CONCENTRATION
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3. ION BEAM INDUCED DEFECTS

EVOLUTION OF DEFECT CONCENTRATION
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3. ION BEAM INDUCED DEFECTS

RADIATION HARDNESS TESTS - SILICON

Si PIN diode
- irradiated by 9 fluences
- by p, He, Li, Cl of 5 um
range
- tested by IBIC using protons
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3. |ION BEAM INDUCED DEFECTS
RADIATION HARDNESS TESTS - SILICON

* p--=

- 1.15 L 1}--551>H.c S| PIN lede
= e - irradiated by 9 fluences
% 110 - by p, He, Li, Cl of 5 um
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2 ; 5 - tested by IBIC using p and
2 He
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3. ION BEAM INDUCED DEFECTS

RADIATION HARDNESS TESTS - SC CVD DIAMOND

Diamond detectors
1 mm2, 500 um thick

Irradiation and

IBIC tests by 11 MeV C ions
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3. ION BEAM INDUCED DEFECTS

RADIATION HARDNESS TESTS - SC CVD

DIAMOND

Diamond detectors
1 mm2, 500 um thick
+/- 500 V bias

Irradiation and
IBIC tests by 8 MeV C ions
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Support of Public and Industrial Research using Ion beam Technology
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» Transnational access
» Networking
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= University of Surrey (SUR)
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= Rudjer Boskovic Institute Zagreb (RBI)

» Swiss Federal Institute of Technology (ETHZ)




ION BEAM MODIFICATION
CONDUCTIVE LINES IN DIAMOND

Number/Jon /Angstrom

Damage profile of 6 MeV Cions in vif the diamond lattice gets damaged /

diamond (SRIM simulation)

=

distorted above a critical threshold, it
converts to graphite upon thermal
annealing

v'graphite is a very different material with
respect to diamond: it is soft, electrically

COLLISION EVENTS

Vacancies Produced (K-P) '

diamond

0A - Target Depth -

conductive and etchable

e < 9-1022 cm3 > (partial)

- damage [ recovery of pristine structure
1__L density < upon thermal annealing

*  threshold

08 L > 9-1022 cm=3 - conversion

- to a graphite-like phase

upon thermal annealing




ION BEAM MODIFICATION

CONDUCTIVE LINES IN DIAMOND

ecvaporation of Cr-Au
adhesion layer
edeposition of semi-
spherical Au contact mask
eimplantation with
scanning ion microbeam
emask removal

A: Cr layer

B: Au layer

C: Au contact mask

D: scanning ion beam (6 MeV C)
E: buried graphitic channel

Implantation with three-dimensional masking

3)4@53 b)_‘c_

P. Olivero et al, Diamond Rel. Mat. (2008)



ION BEAM MODIFICATION
CONDUCTIVE LINES INDIAMQND
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Electrical characterisation:
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