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Abstract

The use of Silicon Photomultipliers (SiPMs) as photon detscin Positron Emission Tomography (PET) modul&grs signif-
icant advantages over conventional light sensors, inetudpplication in a magnetic field, better resolution andegasperation.
Different types of SiPMs have been tested: Photoniques2mn?, Hamamatsu %3mnt and STMicroelectronics 3.53.5mn?.

Dark noise, surface sensitivity, photon detectificeency and linearity at low light intensities have been miead. A LYSO crys-
tal was coupled to a SiPM to test the performance as a photentdefor PET. We will present the results of the measuresien
different samples and types.
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1. Introduction the count rate over the surface of the silicon photomuéipli
. o ) . ~ Only SiPM pulses corresponding to the single photon pulse

Positron Emission Tomography (PET) is a non-invasivehejght and coincident with the laser pulse within 0 nstime
method for in-depth and in-vivo imaging of tissue. The posit  \yindow are selected. Surface sensitivity foffeient SiPMs
emitted in gB8*-decay of the nucleus slows down in the tissue(|_|(f;“~n&matSu H100C, CPTRhotonique S137 and STMicro-
and subsequently annihilates with a nearby electron. The aRlectronics) were measured and found that they are faiity un
nihilation gamma-rays of 511 keV are usually detected inditorm accross their surfaces. More detailed surface scatigof
rectly, through scintillation in inorganic crystals. Pbotde-  gipps, Figure 1, reveal the pixelated structure of the SiBivb
tectors, like Photomultiplier Tubes (PMTs), detect they8ki  yeflect the internal structure of quenching resistors andeli
lation light. The majority of PET devices use PMTs, but duecg|is for every SiPM.
to their size, relatively poor ratio of active to total sudaand The Hamamatsu H100C and CP/Photonique S137 SiPM
high price, which is a significant fraction of the total cobtlte  |;5eq for the surface scans wererix1lmm sized samples.
device, it is worthwhile to search for alternate detectdnas- However, larger sized samples of these companies use thee sam
ble and infrared photons. The sensitivity of PMTs to magneti technology as the small ones so the results should be similar
fields and the increasing requirement to unifffetient image  Also it is important to note that the SiPMs from STMicro-
modalities in one measurement, provides an additionabreas gjectronics have additional thin trenches filled with oxéte
to search for new detectors. One would like to incorporate gnetal surrounding the individual cells. Such a trench setge
PET apparatus inside a MRI magnet for simultaneous imagingayce the electro-optical coupling between individuatnmi
of tissue function and density. A new type of semiconducésrd cejis. One disadvantage of this trench is the reduction ef th
tector, the Silicon Photomultiplier (SiPM) looks very prisng || factor (~36%) of this SiPM compared to SiPMs from other

[1,2, 3, 4]. Results for the surface sensitivity, energphé$on  anufacturers (H100€75% and S137 60%).
and linearity, as well as timing resolution for several SiBam-

ples are presented.
3. Energy Resolution

2. Surface Sensitivity The energy resolution of the SiPMs has been measured by
coupling a LYSO crystal from Sinocera [5] (Figure 2) to the
§'|PMS and measuring the coincidence annihilagitenfrom a
22Na source. The LYSO crystal has a fast decay time (40544
and a high light yield (75%), an intrinsic energy resolutafn
20% and a peak emission wavelength at 428 The crystal
*Corresponding author was wrapped with teflon and attached to the SiPM using opti-
Email addressruben.verheyden@ijs.si (R. Verheyden) cal grease to ensure a good optical coupling between the crys

Surface sensitivity is assessed by exposing each SiPM to
pulsed~5 umwide laser beam. The SiPM is moved relative to
the light source to produce two-dimensional scans (Figuo# 1
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as shown in Figure 4a. Energy linearity, Figure 4a, was evalu
; som ated for the Hamamatsu H100C (900 g&@s3 mn¥) by mea-
" '-..J 34w suring the energy spectrum for 3ffirent radioactive sources
o BB s (%®Na, 1¥’Cs and thé"®Lu background of the LYSO crystal).
» [ . T o For the STMicroelectronics (4900 cgBs5x3.5mn¥) a uni-
SR | form illumination from a laser was used to study the lingarit
The laser light intensity was controlled by using neutraisity
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4 : , filters.
S The comparison of the results for linearity of the Hamamatsu
b) and STMicroelectronics samples (Figures 4a & 4b) clearly

shows a better linear response for the STMicroelectrorins s
ple over a wider dynamic range than the Hamamatsu one.

4. Timing Resolution
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In PET scanners, the timeftBrence between two back-to-
back photons yields information about the position of posit
electron annihilation in the patient’s tissue. This infation
can be used to improve the imaging resolution due to much

higher background rejection. Therefore, the accuraterhéte
Figure 1: Two-dimensional scans for (a) Hamamatsu H100Cf,‘ati_0n of the position of an event is dependent on the time res
(b) CPTA/Photonique and (c) & (d) STMicroelectronics. Sur- olution.

face scans are valuable to asses the surface sensitivitpf,S ~ One of the issues is whether the intrinsic timing resolution
(a),(b) & (c) were performed with a step size githand clearly ~ Of SiPMs limits the coincidence timing. Therefore the inic
shows the structure of individual SiPM cells. (d) shows pért timing resolution of two Silicon photomultipliers fromfirent

a larger surface scan (STMicroelectronics with a step size dProducers was measured by exposing the samples to very low
3 um) to asses to overall uniformity of the SiPM. light pulses ¢10 pswidth) from a PILAS [6] laser. The laser
light intensity was controlled with neutral density filteasd

was set to the single photon level.

Although not that fast as for example a micro channel plate
PMT, the time resolution of the measured samples amounts to
: : 100-200ps(Table 1). The measurements of the time resolution

SIPM+LYSO SIPM+LYSO at different wavelengths (blue 40%n and red 635m) show

Figure 2: Schematic of the setup used to measure the enerdfjat the measured samples give a better time resolutiorein th

resolution of single SiPMs. A LYSO crystal coupled to a SiPM blue light region. This makes them good candidates to be used

was used as triggering detector for the coincidence measuréogether with the LYSO crystal (peak emission at 42§.

ment. First measurements with Hamamatsy33mn? SiPMs of
back-to-backy’s resulted in a timing resolution of442 ps
(Figure 5). This is worse than the expecta@x200 ps ob-

tal and the SiPM. Figure 3 shows the results for the 3 SiPMstained from the laser measurements. It can be attributeukto t

showing a~19% FWHM for CPTAPhotonique and STMicro- expected slower behaviour of the used larger sample sizesdue

electronics and 10% FWHM for Hamamatsu H100C. The enits higher capacitance. This larger capacitance resultper

ergy resolution measurements are limited due to the ingrins signals which in turn worsen the timing resolution of thel8iP

energy resolution of the crystal. Note that the energy el ~ The other limiting factor is a relatively high discriminati level

for the Hamamatsu H100C was not corrected for the non-lineaat about 10 photo-electrons. Using fast pre-amplifiers aith

behaviour due to the finite number of cells. wide dynamic range would enable the single photo-electron

Photonique and STMfEer smaller pitch£50x50un?) com-  timing discrimination and improve the timing resolution.
pared to the used Hamamatsu H100C SiPM which has a larger

cell size (10&100un?). Hamamatsu alsofters SiPMs with 1mn? SiPM | S137] H100C
a smaller cell size, however a larger cell size, using theesam ored(PS) 182 145
technology, results in a higher geometric@li@ency (higher Oplue(PS) 151 136

PDE) and higher gain (better timing). On the other hand i als

reduces the number of cells pem? effectively reducing the Table 1: The time resolution after time-walk correction dif
dynamic range. This also reflects in the non-linear respohse ferent SiPMs.

the Hamamatsu SiPM due to the total number of scintillation

photons from the LYSO crystal exceeding the number of cells
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5. Conclusions N 450

Silicon photomultipliers seem to be a very promising de- 400
tector for PET. The main advantages are their insensitfoity 350
magnetic fields and their compactness. Surface sensitarnty
ergy resolution and timing resolution of several SiPMs have
been evaluated. The relatively good energy resolution asd f 250
response might enable to reduce the background in PET ima 200
ing and thus improve the resolution. Further studies wilbee
fomed using SiPMs in a PET module to assess the possibilityt 150
use SiPMs as photon detectors in a NMR-PET combination. Al 100
three measured SiPM samples show a reasonable performar
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to be used for PET.
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Figure 3: Energy spectra for 3ftkrent SiPMs: (a) Hamamatsu
H100C. (b) CPTAPhotonique S137 and (c) STMicroelectron-

ics.
3



Q450 3
) : /(../-5800
4001 z
g / _— =700
350 p
E / —600
3001 /' 3
E —500 «
250 / v & _E
2005 / 400
= // 3
150F Ly =300
100f / —;200
5? ~4100
P S S PRI A SR R PN
(] 200 400 600 800 1000 1200 1400
Energy (keV)
@
600
S‘500:
— . —
ey = /
©400
] L /
= w00t / Ve
= C
® 300
91 |
n C
© 200 7
oL
E |
2 ook /
Z 100
L L L L L L L L L L
0 5000 10000 15000 20000
N_phot
(b)

Figure 4: Energy linearity for 2 éierent SiPMs: (a) Hama-
matsu H100C clearly shows a non-linear behaviour. (b) the
STMicroelectronics SiPM shows a good linearity up to severa
thousands of photons.
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Figure 5: Timing resolution for back-to-bagks (25 pgbin —
ot ~ 442 ps). Hamamatsu 83 mn? SiPMs were used for this
measurement.



