SINPHOS

SINGLE PHOTON SPECTROMETER
FOR BIOMEDICAL APPLICATION

Salvatore Tudisco

oth Topical Seminar on Innovative Particle and Radiation Detectors
23 - 26 May 2004 Siena, Italy




\ Delayed L uminescence

In the last decades several experiments have clearly
demonstrated that, once illuminated, all biological system
emit for a quitelong range (up to seconds) a very weak flux
of photons, called DL

= Firstly observed from plant by Arnold and Strehler in 1950

= 103?10° times lower in intensity than the fluorescence

Delayed luminescence isless popular than fluor escence:

« Delayed Luminescence is by nature extremely polyphasic; the lifetime
spectrum extends from 107 to morethan 10 s

« Delayed Luminescence isinherently alow-level signa

Arnold, Academic Press, New York (1986) p 29
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Delayed Luminescence

=DL Isasensitive indicator of the biological state of the system

=DL can be apowerful tool for medical investigations, food and
water quality control, etc
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A. Scordinoet al. J. Photo. Photobiol. B 32 (1996) 11



Biomedical Application of DL
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Biomedical Application of DL
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SINPHOS: siNgle PHOton Spectrometer
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DL P: Deep Lithography with Particles beam

lon interactions modify the
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The fabrication process consists of three basic
procedure: ion irradiation of a PMMA substrate
followed by a development of the irradiated regions
with a selective solvent or by volume expansion of the
bombarded zones caused by a diffusion of an organic
monomer vapor.

L.Cosentino et al., NIM B 209(2003)340.



DLP: Preiminary Results
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DLP: Preliminary Results
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SPAD - Single Photon Avalanche Detector
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E.Sciaccaet al, |[EEE Trans. on Ele. vol. 50 (2003) 918



breakdown voltage until
a photon isabsorbed in
the depletion volume

*The event isdetected through an avalanche current pulse

L ow operating voltage 30 Volts

*Average gain for each photocarrier isabout 10°

eDark counting rates at room temperature: 10c/s for 10um device and 1kc/s
for 50 um

E.Sciaccaet al, |[EEE Trans. on Ele. vol. 50 (2003) 918
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Avalanche
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In the passive mode the spad is reversed biased
trough aresistor of 100 k ohm or more. One can
obtain an output pulse from a PQC, by inserting a
low value resistor Rsin series on the ground of
the circuit. When the avalanche is generated it
discharges the junction capacitance and the diode
voltage fall down exponentially restoring the
guiescent state

Active quenching circuit

ouT

In the active mode a circuit senses the rise
of avalanche pulse and react back on the
spad forcing with e controlled bias source
the quenching and the reset transitionsin
short times

S.Covaet al, Appl. Opticsvol. 35 (1996) 1956



Time Correlated Single Photon Counting measur ement
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Scintillator readout with SPAD
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Scintillator readout with SPAD
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= DLP —first results confirms the possibility to use such atechnique to
develop an optical custom device for the SINPHOS spectrometer.

=SPAD - the measurement performed by using e passive quenching
read-out have confirmed the results obtained with an active read-out
system. Time resolution as expected is a little worst but fully sufficient
for biomedical application purpose.

=Linear array — starting from the concrete possibility to use passive
guenching, a read-out system for awhole linear array has been studied
and should be tested soon.
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