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Amplifier circuit for a silicon-photomultiplier-coupled plastic scintillator detector

TANG Chenyang CHEN Xinnan GAO Chunyu LI Yupeng WANG Xiao TANG Xiuzhang
(China Institute of Atomic Energy, Beijing 102413, China)

Abstract  [Background] The silicon photomultiplier (SiPM) is sensitive to environmental noise, its performance is
greatly affected by ambient noise. [Purpose] This study aims to design a negative-feedback selective amplifier circuit
for SiPM coupled plastic scintillator detector to reduce the noise and improve the overall performance of SiPM.
[Methods] It is compared with the traditional OPA657 transimpedance feedback amplifier circuit. The circuit
consisted of an RC filter input and an integrated operational amplifier AD8014 with advantages of a high gain and
low input noise. The CR high-pass filter circuit was used as the comparator signal input to further filter out signal
noise and prevent signal reflection from interfering with the amplifier. The experimental circuit is simulated using
Micro-cap12 to obtain the relevant circuit parameters. Finally, the dark noise level and signal consistency of a *’Cs
source at room temperature was record, and performance of this amplifier circuit for SiPM coupled plastic scintillator
detector was compared with that of the traditional OPA657 transimpedance feedback amplifier circuit. [Results and
Conclusions] Comparison results show that the proposed circuit effectively filters out ambient noise and exhibits a
fast rise time. The output pulse rise time is found to be less than 12 ns, and the dark noise level is observed to be less
than 30 mV, which are better than those of the transimpedance amplifier circuit.
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Table 1 PD1150F plastic scintillator parameters

PD1150F
AN GH (B 4O Relative light output — 50%~60%
19 2R Refractivity 1.58
2% [ Density 1.05
TEYK I [A] Decay time / ns 2.40
T K Attenuation length / m 2.44
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Fig.1 Circuit diagram of AD8014 signal readout

%2 ADS8014,0PAGS7 SHLLE
Table 2 Parameter comparison between the performance of AD8014 and OPA657

T 3B [ YIRS LRI

Chip -3dB Bandwidth / MHz  Slew rate / V-us™ Input voltage noise / nV-Hz ">  Power supply rejection ratio / dB
OPA657 350 700 66

ADS8014 400 4000 58
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Fig.2 Circuit diagram if OPA657 signal readout
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Fig.3 Diagram of analog signal-source output pulse waveform
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Fig.6 DSimulated output signal diagram of AD8014 (a) and OPA657 (b) simulation output signals
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Fig.7 Variations of triple noise with the bias voltage
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Table 3 Comparison between simulated and experimental
waveform parameters

ADS8014 OPA657
AU L T ) 8.5 18.0
Simulated rise time / ns
AR {E 104.3 81.3
Simulated amplitude / mV
S b T [R] 10.6 19.7
Experimental rise time / ns
SIS R 107.4 84.3
Experimental amplitude / mV
a8 66.7 64.6
Gain / dB
-3dB 7 % 493 40.8
-3dB Bandwidth / MHz
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Table 4 SiPM count rates at different distances

P B AD8014 1140 OPA657 il 4%
Distance / cm ADS8014 /s™ OPA657 /s’
1 542.38 282.72

2 455.25 178.35

3 382.57 157.89

4 329.14 154.95

5 231.63 147.00

10 139.09 77.35

15 20.96 18.30

20 8.66 8.02

25 6.16 7.58

30 5.72 7.42
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Fig.8 Schematic diagram of counting rate measurement
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