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-Proprietary Key Technologies:

1) We turn DIAMOND into Electronic Devices

2) We make HIGH-EFFICIENCY SOLAR Energy Systems
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SOLARIS
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-Proprietary Key Technologies:

1) We turn DIAMOND into Electronic Devices

Ultra Fast, High Power, We turn DIAMOND Microchips, Diodes, Transistors

High Frequency Transistors Into Electronic Devices "~ Radiation Imaging Detectors
Power Electronics: Diodes

and Transistors

Deep UV Photodetectors
Radiation Detectors:

X-ray, Alpha, Gamma,
Neutrons, M.I.P.

Graphene Photoconductors

Radiation Imaging Detectors
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SOLARIS
PHOTONICS

-Proprietary Key Technologies:

2) We make HIGH-EFFICIENCY SOLAR Energy Systems
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SOLARIS ADVANCED DIAMOND DEVICES:
PHOTONICS ENERGY

-ProME3*ThE2US? project

ProME3ThE?US? (Grant Agreement n. 308975) is a European collaborative project
within the Energy FP7 framework of Future Emerging Technologies.

it aims at developing, validating and implementing a novel solid-state conversion
mechanism able to transform concentrated solar radiation into electric energy, at
very high efficiency exceeding 50% and characterized by a direct solar energy
conversion. The primary conversion is obtained by an enhanced electron emission,
derived by thermionic coupled to photo-emission, from advanced diamond and
other semiconductor structures ( http://vyww.prometheus-energy.eu )
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ADVANCED DIAMOND DEVICES:

SOLARIS ENERGY
PHOTONICS

-ProME3*ThE?US? project
Abstract A laser-induced periodic surface structure
(LIPSS) has been fabricated on polycrystalline diamond by WWW. prOmEthEUS'energy.eu

an ultrashort Ti:Sapphire pulsed laser source (4 = 800 nm,
P=3ml, 100fs) in a high vacuum chamber (<10~
mbar) in order to increase diamond absorption in the
visible and infrared wavelength ranges. A horizontally
polarized laser beam had been focussed perpendicularly to
the diamond surface and diamond target had been moved
by an automated X-V translational stage along the two
directions orthogonal to the optical axis. Scanning electron
microscopy of samples reveals an LIPSS with a ripple
period of about 170 nm, shorter than the laser wavelength.
Raman spectra of processed sample do not point out any
evident sp” content, and diamond peak presents a right
shift, indicating a compressive stress. The investigation of
optical properties of fs-laser surface textured diamond 1s
reported. Spectral photometry in the range 200/2.000 nm
wavelength shows a significant increase of visible and
infrared absorption (more than 80 %) compared to

P. Calvani et al.

untreated specimens (less than 40 %). The analysis of
optical characterization data highlights a close relationship
between fabricated LIPSS and absorption properties, con-
firming the optical effecuveness of such a treatment as a

light-trapping structure for diamond: these properties, Fig. 1 SEM image of CVD diamond surface after femtosecond laser
reported for the first time, open the path for new applica- treatment. A structure with a 170 = 10 nm periodicity has been
tions of CVD diamond. estimated. The arrow indicates the polarization direction

P. Calvani et al., Optical properties of femtosecond laser-treated diamond, Appl. Phys. A, Feb. 2014




SO LARIS ADVANCED DIAMOND DEVICES:
PHOTONICS ENERGY

-ProME3ThE*US? project (www.prometheus-energy.eu)

Femtosecond laser-treated diamond
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Fig. 2 Comparison of Raman spectra of CVD diamond before and
after fs-laser treatment, black and red lines, respectively. Diamond
peak at 1,332 em™ ! s clearly defined while sp* phase peak at
1.560 cm ™' is not evident, excluding graphite presence. In the inset, it
is possible to notice the right shift of treated diamond peak, pointing
out a slight compressive stress

Fig. 3 Transmittance spectra of CVD diamond TM180, before and
after the fs-laser treatment. The significant reduction due to laser-
induced surface structure is evident

P. Calvani et al., Optical properties of femtosecond laser-treated diamond, Appl. Phys. A, Feb. 2014
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ADVANCED DIAMOND DEVICES:
“3D Diamond”

-Laser-induced graphitic columns in single-crystal diamond

-ProME3ThE2US? project
www.prometheus-energy.eu

Abstract We report on the fabrication of graphitic col-
umns induced in single-crystal diamond plates using 100 15

laser pulses at 800 nm wavelength. Different values of

laser fluence (0.6-1.2 Jfem®) and graphitization speed
(1-100 pwm/s) were used for the laser reatment. A Raman
investigation was performed aimed at evaluating the
structural properties of the fabncated columns, showing
that a lower laser fluence and a proper choice of graphiu-
zation speed may improve the degree of graphite crystal-
linity, and suppress the residual diamond content.

M. Girolami et al., “Raman investigation of femtosecond
laser-induced graphitic columns”, Appl. Phys. A, (2014)
DOI 10.1007/s00339-014-8310-x

Acknowledgments: The activity was supported by the European
Commission FP7-Energy Project ProME3ThE2US2 “Production
Method of Electrical Energy by Enhanced Thermal Electron Emission
by the Use of Superior Semiconductors”, Grant Agreement
no.308975, website: http://www.prometheus-energy.eu.

Laser beam direction
\ \ \

\ -
\ . \ ‘
\ A

Top‘surface \

Bottom surface
— 10 um

Fig. 2 Optical microscopy 1mage (x500), recorded by tilting the
sample, of three femtosecond laser-induced graphitic columns within
a single-crystal diamond plate. Average column diameter was about
10 pm for all experimental conditions
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SOLARIS ADVANCED DIAMOND DEVICES:
PHOTONICS NEUTRONICS

-FAST NEUTRON SPECTROSCOPY
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Fig. 1. Experimental Pulse Height Spectra of all the measured neutron
[3] M. Pillon,, “Experimental response functions of a rgies (top). Normalized Pulse Height Spectra for 8.3 and 20.5 MeV
singlé—cryst:;fdiamond detector for 5-20.5 MeV tron energies with the various nuclear reactions indicated (bottom) (after

neutrons”, Nuclear Instruments and Methods in 3 in ref. [3] by Pillon et al.).

Physics Research A 640, Issue 1, pp. 185-191, June
2011
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SOLARIS ADVANCED DIAMOND DEVICES:
PHOTONICS RADIATION IMAGING

1D and 2D pixel detectors technology

* multistrip structure * multipixel structure
* 32 strips (6 mm x 80 pum) * 36 pixel (750 x 750 um?)
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Marco Girolami, Arnaldo Galbiati, Stefano Salvatori, “Radiation Hard Imaging Detectors based on Diamond Electronics”,
Proceedings IEEE NSS-MIC, VALENCIA, 2011
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SOLARIS ADVANCED DIAMOND DEVICES:
PHOTONICS RADIATION IMAGING

_______

Multichannel Electronic System
(32/64 channels)

* Integration time: 50 ps + 1s

* Selectable charge range: 50 pC + 350 pC

* Sensitivity: LSB < 15 fC (150 pC FS)

* ADC resolution: 20 bit

* Floating input ADC resolution: 14 bit

* Selectable number of acquisitions: 1 + 21°
* Max. data throughput: 2 kHz (2:64 kSPS)

* Math tools: centroid, mean value, displacement

Marco Girolami, Arnaldo Galbiati, Stefano Salvatori, “Radiation Hard Imaging Detectors based on Diamond Electronics”,
Proceedings IEEE NSS-MIC, VALENCIA, 2011 admin@solaris-photonics.com



ADVANCED DIAMOND DEVICES:
RADIATION IMAGING

Temporal evolution of UV deuterium lamp radiation
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M. Girolami, A. Galbiati, S. Salvatori, “Radiation Hard Imaging Detectors based on Diamond Electronics”, Proceedings IEEE NSS-MIC, VALENCIA, 2011



ADVANCED DIAMOND DEVICES:

Coolidge tube: RADIATION IMAGING

* Mo target (K,=17.48 keV, K; =19.6 keV)

*V =45 kV posizione iniziale + 900 pm + 1800 pm

°‘1=1.1mA

* spot-size 3 mm
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M. Girolami, A. Galbiati, S. Salvatori, “Radiation Hard Imaging Detectors based on Diamond Electronics”, Proceedings IEEE NSS-MIC, VALENCIA, 2011



ADVANCED DIAMOND DEVICES:RADIATION IMAGING

°Diamond multistrip and pixel structures have been SOLARIS
used for the realization of radiation hard imaging PHOTONICS

detectors with dedicated read-out electronics for

real-time photon and particle beam profile
reconstruction.

+ 900 pm

* Integration time: 50 us + 1s

*Spatial resolution: 5 um (1D), 20 um (2D)
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M. Girolami, A. Galbiati, S. Salvatori, “Radiation Hard Imaging Detectors based on Diamond Electronics”, Proceedings IEEE NSS-MIC, VALENCIA, 2011
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Advanced Diamond Devices

WE ARE OPEN FOR R&D COLLABORATIONS

Thank You !
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