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1. RBI - FACILITIES - beam lines

PIXE/RBS

In-air PIXE

Dual-beam
irradiation

6.0 MV EN Tandem Van

de Graaff accelerator

|\ |

1.0 MV HVE
Tandetron accelerator
D
L S TR MG L HIE
- L.J
e

IAEA beam

line

PIXE crystal
spectrometer

/ microprobe

Yy

Nuclear
reactions




|
1. RBI - FACILITIES - Heavy ion microprobel

up to 15 MeV (ME/q2)
magnetic rigidity.

With short image
distance (110 mm) of
the new chamber,
demagnifications of
Dx=90 and Dy=110

best resolution - 250 nm
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1. HEAVY IONS - Unique properties
wide range of dE/dx
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1. HEAVY IONS - Unique properties

wide range of ranges

127' 288| 11
RBI accelerators: C

Terminal voltages - 0.1 to 6 MV il

lon sources - sputtering,
RF alphatross, duoplasmatron

Good selection of ion ranges !!

m

Range(um) 0.37 1.13
E=1 MeV

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

proton

|\ |



B
2. RADIATION INDUCED DEFECTS - IBIC l -
ION BEAM INDUCED CHARGE

Frontal IBIC

Scan area

Reverse bias

p-n IBIC signal

junction

Lateral IBIC

Grain
boundaries

Traps

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

- Imaging of grain boundaries, defects (such as
dislocations), electric field (polarization),...

CVD diamond (1997)
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2. RADIATION INDUCED DEFECTS - IBIC

Efficient & controlled introduction of defects

Frontal IBIC

Scan area Reverse bias
p-n IBIC signal
junction
Lateral IBIC |
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Irradiation of certain

regions in test samples will
increase defect i

concentration and .- -,nibhbhno
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2. RADIATION INDUCED DEFECTS - IBI
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Average Amplitude

888888

MeV ions produce
inhomogeneous depth
distribution:

- damaging profile - NIEL
- IBIC probe (dE/dx),,

Energy loss (keV/nm)

Vacancies (hm™)
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3. RADIATION HARDNESS of Si pin diode

Microbeam irradiation protocol
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50 x 50 pixels, 100 x 100 pm? each, distribution of selectively urrad.
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Irrad. beam rate << 10000 cps

Probing beam rate < 500 cps
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Zeljko Pastuovié et al.
IEEE Trans. Nucl. Sci. 56 (2009) 2457-2464




3. RADIATION HARDNESS of Si pin diode

MeV ions produce inhomogenoeus damage

In order to compare influence of ion
mass/charge on the CCE, damege was
produced by different ions of the same
depth range in silicon (5 um)

lon NIEL ,,.
430 keVH 0.87

1.4 MeV He 9.13
2.15MeV Li | 21.91

4 MeV O 129.19
11 MeV CI 450.38**
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3. RADIATION HARDNESS of Si pin diode
He IBIC probe

1.4 MeV He ions for IBIC 0, K.y is the equivalent damage
have homogeneous e-h pair 5 =1 @ -NIEL,,, factor- reflects properties of
creation depth profile ! material !
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3. RADIATION HARDNESS of Si pin diode

MeV ions produce inhomogenoeus damage

Zeljko Pastuovié et al.

- | Appl. Phys. Lett. 98, (2011) 092101
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3. RADIATION HARDNESS of Si pin diode

Conclusions of importance to diamond

* Weak correlation between ko values and Z of ion
* NIEL scaling works well

Direct comparisson of Si pin diode with scDiamond detector using same
range of ions in Si and diamond!

* 1 mm?; 500 um thickness - Diamond Detectors Ltd.
* 10 mm2; 50 um thickness - Diamond Detectors Ltd.

Si Diamond SiC Range

Damaging C 2.6 MeV 6.5 MeV 4.5 MeV 3um
ions

Shallow probe 600 keVHeions 430keVp 1 MeV Heions 2.25 um
Deep probe 1.3 MeV p 2 MeV p 1.7 MeV p 25 um
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4. RADIATION HARDNESS OF DIAMOND

Radiation hardness - experiment and modeling
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4. RADIATION HARDNESS OF DIAMOND

Spectroscopic properties

2 MeV protons
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4. RADIATION HARDNESS OF DIAMOND

Radiation hardness - Si vs. Diamond

» scCVD (1x1x0.5 mm) and Si pin diode (1 x 0.1 mm)
» 50x50 uym? areas irradiated with 6.5 MeV C3*
» IBIC images done with 430 keV protons



4. RADIATION HARDNESS OF DIAMOND l

Radiation hardness - Si vs. Diamond

CCE (%)
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4. RADIATION HARDNESS OF DIAMOND

Radiation hardness - Si vs. Diamond
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4. RADIATION HARDNESS OF DIAMOND l

"

Radiation hardness - Si vs. Diamond

CCE (%)
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4. RADIATION HARDNESS OF DIAMOND

Radiation hardness - Si vs. Diamond

CCE (%)

T

—d— 450V naw

= A0V new |

L 1.0

st -09 | —e— 400 V new
RN T #— 450V new
- L 0.8+ 500 V' new _
- 0.7 - i
& - 06 - II
—a— 400V old _
450V old
" —=—-500V old L 0.5 —=— 300V old % l
i | 350 v ald
0.4 —*— 400V old
robe: 430 keV H ' —e— 450V old
P - 500V old
0.3

] T I
—a— 300V naw
—a— 350 Y new |

. )
0.0 Jox10” Box10™ 1.2¢x10"" 0.0

P —
4.00x10" 8.0x10™ 1.2x10"

fluence (cm™)

‘new’ measurements performed
one year after ‘old’

There is no significant difference
due to long term anealing or
polarisation

|\ |



4. RADIATION HARDNESS OF DIAMOND

Conclusions

In the case of irradiation by 6.5 MeV C ions, induced defects in diamond are
affecting CCE more than in Si pin diode!

Higher defect recombination probability (room temperature anealing) in silicon
may be one of the main reasons for that.
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4. RADIATION HARDNESS OF DIAMOND
Proton irradiation, 50 ym thick scDIAMOND

4.5 MeV protons, (dE/dX)...... = 4.04 10> MeV/mg cm2

nucl*

3 MeV protons, (dE/dx)... .. = 5.9 10° MeV/mg cm2

nucl*
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4. RADIATION HARDNESS OF DIAMOND
Proton irradiation, 50 pm thick scDIAMOND

4.5 MeV protons, (dE/dX), - = 4.04 10° MeV/mg cm™

3 MeV protons, (dE/dx), - = 5.9 10° MeV/mg cm™

COLLISION EVENTS

Vacancies Produced (K-P)

=
=
B
=
=
<

4.5 MeV protons are producing
homogeneous distribution of damage

Number/{Angsirom-Ton}

- Tareget Denth -

TONI

Spectroscopic performance; 2 MeV protons:
< 1% energy resolution
Can cope with 10000 cps in 50 x 50 pm?2 !

53 (eV/Angstrom)

Energy Lo




4. RADIATION HARDNESS OF DIAMOND

Proton irradiation, 50 ym thick scDIAMOND
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4. RADIATION HARDNESS OF DIAMOND
Proton irradiation, 50 ym thick scDIAMOND
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4. RADIATION HARDNESS OF DIAMOND

Proton irradiation, 50 ym thick scDIAMOND

Excvellent properties !
Comparisson with silicon
underway !
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FP7 project

——

SEVENTH FRAMEWORK
PROGRAMME

New vacancies for four experts

Objectives

Four postdoctoral positions at the Division of Experimental Physics at the Rudjer Boskovic
Institute in Croatia as part of the 3-year long 1.32M Euro FP7 project Particle Detectors , and that
should be filled at latest by the last quarter of this year/1st quarter of 2011. The expertise sought of
the experienced researches is in:

Management

New jobs .
announcement « silicon detectors

+« diamond detectors

« vacuum chambers/detector testing

Deliverables
and Milestones + DAQ/process control

Restricted The contracts will be one year long, with the possibility to extend them for the duration of the
documents project. Brutto pay is about 3000 Euro, depending on experience. Detailed job descriptions for
each of the four positions are provided here .

B Tetrrent | Berbrntnd Rl



Diamond Detectors -

a Development and Applications, -
| I‘ 2" RBI Detector Workshop, 7-10 May 2012, @
Plitvice Lakes National Park, Croatia | EVENTH FRAMEWORF,

FROGEAMME

Supported by:

e Strategic Japanese-Croatian Cooperative Program on Materials Science
e EU FP7 projects: PARTICLE DETECTORS, SPIRIT, ENSAR




