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1. Introduction

LYSO scintillation crystals are usually employed in PasittEmission Tomography (PET)
scanners, because of their light yield and efficiency, whishult in good energy and time resolu-
tion. Time-Of-Flight (TOF) PET, which makes use of the timéirmation to improve the spatial
resolution and the signal-to-noise ratio in the localmatf the emitting source, requires an optimal
time resolution. Due to their small size, insensitivity tagnetic field, high gain and fast response,
Silicon Photomultipliers (SiPMs) could be a promising deas photosensors in PET scanners.
Large efforts are being carried out worldwide to improve dlesign of the devices, the associated
electronics and the treatment of the signal, by approphatdware and software tools[1], in order
to reach a resolution comparable to those of standard phudtipiiers which equip most of the
existing PET systems, while maintaining the intrinsic adages of SiPMs. In this contribution we
report a preliminary study concerning the study of time amergy resolution properties of recent
devices developed by STMicroelectronics, in view of theisgible use for PET applications.

2. Experimental setup and working conditions

The experimental setup includes a dark box with a mechastoatture (Fig.1) to handle a
radioactive source, and two 3x3x15 MY SO crystals each optically coupled to a SiPM mounted
on a miniboard. The two LYSO crystals, SiPMs and source eart all aligned, with mechanical
tolerances of the order of 1Qom.

To measure event-by-event the amplitudes of the two sigaradstheir time difference, data
acquisition was carried out by a Tektronix DPO7254 digistditboscope (2.5GHz, 20 Gs/s, 8 bits
ADC) with 50 ps time sampling time, to allow for a digital pessing of the individual signals.
Measurements were done at several bias voltages at corstamtemperature (about 20 A few
thousands events were collected below the photoelectak foe each run. Fig.2 shows a typical
signal from one of these devices.

LYSO
SipM (3 x3x15 mm?)

Source

Figure1: Layout of the experimental set-up.

3. Experimental results

3.1 Deviceunder test

STMicroelectronics is developing four different fabricat processes to improve the Photon
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Figure 2: A typical signal from one of the devices under test. The insleows the beginning of the signal,
which is critical for the time resolution.

Parameter Unit Value
Package dimensions mm? | 5.5 x 5.0
Active area mn? | 3.5x3.5
Number of cells 3600
Cell fill factor % 45
Typical breakdown voltage \% 28
Cell PDE @ 420 nm (OV =4.5V) % 22
Total PDE @ 420 nm (OV =4.5V) % 10
SiPM quenching resistance Q 75
SiPM capacitance (§ @ OV =45V pF 570
Gain@ 0V =45V x 10° 5.1
Typical pixel dark current @ OV =4.5VY uA 10

Table I: Main parameters of the SiPM device under test

Detection Efficiency (PDE), which is a critical factor affexy the time resolution. Fig.3 shows a
comparison between the different devices, where the acguvas estimated to be around 10%.

The SiPM structure investigated in this work (Mod.SPM35@&N\abricated on silicon epitax-
ial p-type wafers and made by planar n+/p microcells. Thenguimg resistor, made of low-doped
polysilicon, is integrated inside the cell. Thin opticariches filled with oxide and metal surround
the microcell active area in order to reduce electro-optioapling effects (crosstalk) between ad-
jacent pixels. A suitable double-layer antireflective amats deposited on the surface of the device
to enhance its spectral response in the blue and near olgawavelength ranges. The main pa-
rameters of the devices under test (Mod. SPM35CN) are reghantTable I. Further details about
the manufacturing method of STMicroelectronics SiPM texdtbgy are reported in[2]. Previous
electrical measurements of these devices have been alreaaiyed|[3].

3.2 Energy resolution and non linearity effects

A study of non linearity effects was carried out by differggmma sources’{Mn, 137Cs,
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Figure 3: Comparative measurements of Photon Detection Efficiencglifterent STMicroelectronics de-
vices. STD= Standard Process, HFF=High Fill factor procBAs= "p on n" Process, P/N HFF="p on n"
High-Fill Process, suitable for TOF PET. Accuracy for suokasurements is around 10%.
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Figure 4: Amplitude spectra of different sources from (LYSO+SiPM), measured at an overvoltage of 5.4
V.

22Na, %5Zn), spanning the energy range from 511 keV to 1275 keV. Fbaws typical amplitude
spectra for such sources. The photoelectric peak is wetiraggd from the background due to
Compton shoulder and LYSO radioactivity. A Gaussian fit & piotoelectric peaks was done to
evaluate the mean value and the standard deviation, to stutinearity effects and the energy
resolution of the SiPMs. Fig.5 shows the photopeak post{¢op) and the resolution (bottom) as
a function of the energy.
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Figure 5: Photopeak positions (top) and resolution - with and withibiet background - for the various
gamma energies, at an overvoltage of 5.4 V

3.3 Unfolded time resolution

To evaluate the time resolution, the two 511 KeV photons techiby the??Na source are
detected simultaneously in the two crystals and the tinfergifice of the two signals is measured
to extract the intrinsic time resolution of the devicesenftelection of the photoelectric peak in the
two amplitude spectra.

Several algorithms are being tested for the analysis ofifiabsignals. The results shown in
Fig.6 were obtained implementing a leading-edge softwamequlure with interpolation between
successive time steps, after event-by-event subtractittredaseline.

The dependence of the time resolution (CRT) on the bias g@lteas also studied and the
results are shown in Fig.6: the CRT decreases with biasg®ltmd for the device under test
reaches its minimum around an overvoltage of 5.4 V. The pbthvalue of the optimal resolution
(unfolded) was aboutr //2=150 ps.
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Figure 6: CRT resolution as a function of the overvoltage.

4. Discussion and outlook

The start-up phase of this activity has demonstrated trabidity of the planned characteri-
zation measurements in our lab. A dedicated setup has beeassfully installed and tested. A
first set of measurements has been undertaken in order tauraeg@mma spectra with different
radioactive sources, investigate non-linearity effecis ealibrate the system. Finally, a coincident
detection of the two photons originating frord%\a source has been used to measure the unfolded
time resolution of the devices, which turned out to be 150sign{a), for the type-C device, as
expected.

The various factors contributing to the ultimate timingalesion in SiPM-based PET systems
have been discussed in a recent paper[1] and include thegbotron statistics, the scintillation
photon transit time, the location of the gamma conversiatgss inside the crystal, the time jitter
of the SiPM and the resolution of the electronic chain and gabcessing. It is seen that the first
two are the main factors contributing to the overall timeoheson. The near future activity will be
concentrated along different directions. Small improvetaé the existing setup and data analysis
procedures will be explored. The attention will be concatetl also to testing new devices, whose
development is in progress, employing basically the samegaure tested so far.
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