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Preamplifier design and analysis for dual output silicon photomultiplier

LONG Yuan'” HUANG Yuefeng' HOU Huiliang'? CHEN Yongzhong'
1(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

2(University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract  [Background] In order to apply in different scenarios of silicon photomultiplier (SiPM) coupled
scintillator detector, preamplifiers need to fulfill different requirements. [Purpose] This study aims to design high-
bandwidth, low-noise preamplifiers to adapt for different output modes of SiPM-coupled scintillator detector.
[Methods] Based on OPAS8S5S5 chip and consideration of bandwidth and noise, a transimpedance amplifier (TIA) and
a voltage feedback amplifier (VFB) were designed. The amplifier circuits were simulated and analyzed using PSpice
for TI software to obtain circuit parameters. Then, the signal response and noise baseline level were measured and
analyzed by experimental test using **' Am radioactive source and a sSiPM-coupled Cerium-doped Gadolinium
Aluminum Gallium Garnet (GAGG(Ce)) detector. [Results] Experimental results show that these preamplifiers have
good gain stability, high-bandwidth and low-noise. TIA’ s bandwidth is 101 MHz, lower than VFB’ s 381 MHz, but
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its baseline noise level (o,

nnnnn

~ 448.32 uV) is better than that of the VFB’ s (7, ~ 680.96 uV). [Conclusions] For

GAGG(Ce) detector ,both VFB and TIA meet the bandwidth design requirements of 2 ns for fast output pulse and

20 ns for standard output pulse, respectively. Limited by the inherent noise of circuits and the input capacitance of

SiPM, TIA is suitable for energy measurements and small-area SiPM applications, while VFB is more suitable for

time measurements and large-area SiPM arrays.

Key words Silicon photomultiplier, Preamplifier, GAGG(Ce), Scintillator detector, Noise
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Fig.1 (a) Diagram of SiPM output circuit, (b) Transimpedance amplifier, where C,, is junction capacitance, C,, and Cp; are the

parasitic common mode capacitance and differential capacitance of Op amp, (c) Voltage feedback amplifier, Rgis the load resistance
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Fig.2 Circuit of transimpedance amplifier
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Fig.4 Noise modelling of transimpedance amplifier
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Fig.5 Circuit of voltage feedback amplifier
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Table 1 Comparison of theoretical calculation and simulation parameters

LTt/ B TR RMS M 7 -3 dB A
Rise or fall time / ns RMS noise / pV -3 dB bandwidth / MHz
HigiaE TIA 4.0 448.32 101.00
Calculation VFB 1.0 680.96 381.00
)iE=Ra=2 TIA 4.5 507.42 119.00
Simulation VFB 1.3 711.49 385.85
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