USING OF A NEW GENERATION OF SILICON PHOTOMULTIPLIERS
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Modern Silicon Photomultipliers (S1PM) with various scintillators scope of these detectors potential applications. Scintillators light
are successfully used as gamma radiation detectors. S1IPM has low output temperature dependence also poses a serious problem. We
current consumption, very small size and high gain. It provides have proposed method and developed scheme for stabilization of
advantage in comparison with the most commonly used vacuum tube scintillator detectors parameters 1n a temperature range from
Photomultiplier Tube and Silicon P-I-N diodes. However, strong -20 °C to + 50 °C, based on microprocessor’s control of the S1PM bias
dependence of the S1PM gain on operating temperature limits the voltage.
Detectors with two types of scintillator crystals CsI(Tl) and BGO Sensl. Technologies Ltd. were applied. Small size detectors are
from Shanghai SICCAS High Technology Corporation were designed for medical application 1s surgical gamma probes and
fabricated. Two sizes of scintillator crystals 10x10x50 mm and bigger size detectors are designated for use in handheld personal
MP5x10 mm were used. Two types of C-Series low noise S1PM from radiation detectors.
Scintillator crystals and S1iPMs Properties of the used scintillator crystals Performance parameters of the used S1iPMs View of assembled detector
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10x10x50
CsL(TD |~ (5= 10 54 | 451 | 0.01 | 1000 | 550 2 30035 | 3x3 | 420 | 24.2/24.7 | 1/5 | 3x106 | -0,8 300
type 60035 SiPM N
type 30035 BGO 13’5{152;{1500 8-10 | 7.13 | -1.2 | 300 | 480 1 60035 | 6x6 | 420 | 24.2/24.7 | 1/5 | 3x108| -0,8 | 1200
* Information from Saint-Gobain Crystals Data Sheet
241 Am and 137Cs spectra measured with CsI(T1) and BGO detectors of 10x10x50 mm at room temperature Properties of fabricated scintillator detectors measured
at room temperature 20 °C under the same conditions
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The block diagram of correction module of Before using the temperature stabilization circuit, its A typical dependence of the 662 keV peak position
detector output signals temperature dependence calibration must be performed. The calibration consists in on S1PM bias voltage measured at room temperature
determining SiPM bias voltages at which the recorded peaks
662 keV arelocated atthe samechannel at differentoperation
Output . temperatures. These values are stored in the microprocessor
Amplifier = memory as a Look Up Table (LUT) and areusedlatertosetthe
S1PM bias voltage when the operation temperature changes. 2000
Regulation functions implementation were tested both LUT B 1s0
gfgf/lliﬁi |2 Seintillator based with step equal to 10 °C for -20 °C to +50 °C range and § .
power supply | 27V... 30V |2 analytically. Numerical modeling show that third degree z
I polynomial interpolation is sufficient for operation up to _z 800
???to 35°C for both BGO and CsI(T]l) detectors. Operation at &
temperature higher than 35 °C requires higher degree of
DAC Digital output polynomial. Practical experiments show that use of 027 L » s o o .
N temperature sensor temperature sensor of 1% accuracy is sufficient to provide | Bias Voltage, V |
precision stabilization.
Peak 662 keV position versus temperature Main results

oFabricated CsI(Tl) and BGO scintillator detectors with SiPM C-

serie from SensL. have a low noise level, which provides a wide range
of registered energies of gamma radiation starting from 6 keV for
CsI(T]l) detector of 10x10x50 mm and SiPM of 6x6 mm and from
CsI(TD detector without temperature compensation 37 keV for BGO detectors withthe same sizesofcrystal and S1iPM;

CsI(T1) detector with temperature compensation
—— BGO) detector without temperature compensation

—— BGO detector with temperature compensation OWere proposed and tested method and scheme for compensation of
temperature instability of the S1IPM gain as well as temperature
dependence of scintillatorslight output;
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oShift of the peak 662 keV position in the tested temperature range
from -20 °C to +50 °C without compensation scheme application was
0,55 %/°C for CsI(T]) detector and 0,79 %/°C for BGO detector. With
stabilization scheme application it was reduced up to 0,012 %/°C for
CsI(T]) detectorand upto 0,022 %/°C for BGO detector.

Further development aims at achievement of better long-term
amplification stabilization, lower power consumption and size
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reduction.
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