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ESRF Motivation turopean Synchrotron Radiation Facility

Access to diamond detectors for:

Synchrotron X-ray Beam Monitoring:
-diamond X-ray transparency (and thermal) properties

-radiation hardness / low leakage current
-single crystal material for X-ray ‘optical’ requirements

Microbeam Radiation Therapy (microdosimetry):

-near tissue equivalence
-radiation hardness

Above based on multielectrode ionization-chamber’ designs
Multichannel electrometer or wideband readout electronics
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ki ESRF contribution / worktasks (1) turopean Synchratron Radiation Facility

ESRF

Characterization and testing of diamond material and devices:

visible/UV microscanning with fluorescence spectrometry

DIC and crossed polarizer microscopy

T

X-ray topography; X-ray small angle scattering

BULK

‘XBIC’ (X-ray beam induced current) mapping

. 1

AFM
laser optical interferometry

Scanning Electron Microscopy and Cathodoluminescence
EBIC: near surface charge injection
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ESRF contribution / worktasks (2) furopean Synchrotron Radiation Facility

Device and System level issues:

Device specification / design:
- multichannel electrode configurations
- non metallic electrodes
- simulation

Fabrication and testing of contacted diamonds

Device mounting:

- low profile packaging and leadouts
- wideband (GHz) and multichannel (100+)
- high thermal load (>10W)

X-ray Microbeam dosimetry:
- absolute calibrations, tissue kerma mounting...

System level:
- signal processing electronics
- interfaces and software (test and end-user)
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fﬁ ESRF Preliminary Task - Timelines furopean Synchrotron Radiation Facility

|Task-Name 2008 2007 2008 | 2004 [ 200 {2011 | 2012 [2013 | 2014
E Mﬂtﬂ%l Characterization {h}rtechnique} *
=B S ————

.K-ra}r Topography, 1019 and BM5
Crozsed polarization and other optical microscopy
= Surface
Glancing angle (evanescent wave) HK-ray diffraction
Optical il.'lterf-eremetr\,f .
AFM
Electron MICI’DSCDFI‘:.-' and Cethedelumlneeeenee
El Device Fabrication
conceptual design, CAD and device medelllng
hetal electrode devices
.ﬁ;ﬂernetive eIeetrede teehneleg.iee [graphite, deped'epi-'grewth Ie':.:'erj
=l Packaging
die.men.d immediate packaging
] device mechanical mounting and leadout cabling technigues
hlgh thermal load meuntlng
tleeue kerme meuntlng (fer FH-tay microbeam dosimetry)
:El Device eharacterlzatlen (by technique)
. Electron mlereeeep':.f and electron beam induced current imaging
Leheretery }-{ ray microsource mapping
[# X -ray microbeam map- |mag|ng {II]E"I 122y
ngh temperature response
'El Appllcatmn sy=tem level tegting

electrometer current readout, multichannel deelgn end fabrication

s S
HF reedeut teehnlquee deelgn and febrleetlen
Application specific, user interface software development
E| A-ray beamline test cempelgne )
perfermenee etet:ulrt\y' as meneehremetle beatn monitor
performance; stabilty az white beam beam monitor

MRT: cross calibration and absolute dosimetry;, performance; stability
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COF Personnel and Costs turopean Synchrotron Radiation Facility

Annual cost of a thesis student (inc. social charges etc.):

Year 1: 44k€
Year 2: 47kE
Year 3: 50k€

Annual cost of a Postdoctorate (inc. social charges etc.):

Year 1 & 2: 75k€

Year 3: 78kE€

“For FP7 RTD activities, ESRF assumes that it can claim 75% of real costs

and 60% overheads”
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% X-Ray TOpOgraphy turopean Synchrotron Radiation Facility

E-6 ‘electronic grade’ CVD

White beam transmission (220 and
040) of E6 ‘electronic grade’ diamond
plates

MDS-1...5, ~3.6 x 3.6 x 0.35 mm?
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European Synchratron Radiation Facility

Thinned sample 45um

E6 Ascot sample after scaife
polish at E6-Cuijk

Side 2 etched by carbiding
braze alloy mounting

E6 sample MDS1
(thickness 350 um, E6
resin wheel polish,
then scaife and
‘superpolish’ by
J Butler-NRL
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turopean Synchrotron Radiation Facility

PROMAP 512 profilometer-ESRF

MDS1-FB-b1.SDF

A | 0.972 nm MDS-l’ ~350 um’
i i e scaife and ‘superpolish’ by
J Butler-NRL

4.469 nm

_— Sq: - 0.324 nm Area: 162.6x82.58um
Sa: 0.124 nm 640320
St: 48.82 nm 50X
QUARTIC

MDS1-FA-b1.SDF
%

3 0.475 nm

-2.646 nm

: o 0N T -0.468 mn
— Sq: 0.157 nm Area: 162.6x82.58um
Sa: 0.124 nm 640320
St 3.748 nm 50X
QUARTIC
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XBIC mapping contacted diamonds turopean Synchrotran Radiation Facility

sample,
ESRF-ID21 X-ray Microscopy Beamline raster scanned It photodiode
0SA ~
Fresnel zone pla’re\
Crystal focussing optic

monochromator
W

Undulator

Fﬂuor"escence/'
detectors sarhple
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__ ESRF beam 50ps pulses at 3nsec-3us intervals,
energy (ID21) 2 ... 7.2 keV

Fresnel zone plate focuses the X-beam to a sub-micron probe. Unwanted
diffraction orders from the zone plate are removed by a central stop and an order

selecting aperture (OSA).
» near surface (~10um) or bulk charge injection
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Diamond on submicron
X-y scanning stage

X-ray beam focused to
1.2 x 0.4p2 FWHM,
~108 photos/sec at 7.2keV
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