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/ Introduction

Silicon Photomultipliers (SIPMs) are new type of high-performance semiconductor detectors, which inherit most of the advantages of semiconductor

detectors and have good performance in terms of gain, signal-to-noise ratio and response speed. SIPM also has high photon detection efficiency and
excellent time resolution, which i1s comparable to high-performance PMT. A fast-timing amplifier circuit board based on the OPA855 has been designed,
which was used to evaluate timing performance of three types of SIPMs (Hamamatsu, SensL and NDL). The rise time of SensL J-30035 fast output port can
reach 500 ps, the limit time resolution 1s 22.2 ps. The rise time of NDL 11-3030C-S i1s 1~2 ns, and the limit time resolution iIs 21.8 ps. The rise time of

Hamamatsu S13360-1325CS i1s 1~2 ns, and the limit time resolution is 193.6 ps. Therefore, SensL J-series SIPMs have the best timing characteristics. This
@dy aims to promote the implementation of the calorimeter scheme with high time resolution based on SIPM readout. /

1. Design of fast-timing amplifier circuit

2. Evaluation of fast-timing amplifier board

Candidate ORASAT OPA856 OPA858 LMH6629 ADS099 = |
Amplifiers DBVT SensL. “ :
Gain Bandwidth . E o I Amplifier Board
Evaluation : .
(GHz) 3.9 8 1.1 > 4 3.8 Board o designed by our Lab
VOLTAGE NOISE i
(VIVHZ) 0.85 0.98 0.9 2.5 0.69 0.95 e i — . '
Stable Gair o= 12 =7 >=1 >=7 >0 2-10 mwmwmmm A T T 1
Sl(e\/vyu;z;te 050 750 3E0 2000 1600 <=1350 1 2 3 4 5 6 7 8 9 10 11 1213 14 1516 17 18
Rf 700 10.00m Q¥ . :2
Vee Vref APy : fx:pnup oo | 140 Gainl
G ¢ w | e
- Gain= | wf Gain2 >20 21 21
s ve2 | cze 1+R¢/R, N N o .
N M | U1 0PABSS 200.00m = 0 NOISE (mV) 1 05 08
| +} » VD{UT - L =% L] 1) 15 Iﬂ. I."i .H] nlﬂ =10 'l'hnnf
: g . vou Gam test of the deS|gned fast- -timing ampllfler board Power (mW) 50 i 40
B 2z Ll : | (2)10.3x gain, (b) 21x gain
ST “'5';mn-_; - o RO ) A .. . . . -
Schematic diagram of simulation with o B e oo > The fast-timing amplifier board designed by our lab can be compatible with
OPA855 amplifier Simulated input and output waveform _ _
SIPMs from different manufactures (Hamamatsu, SensL and NDL).

» (OPAS855 - broadband, low-noise operational amplifier with bipolar inputs for > Two different gain option have been designed and tested by changing the

broadband transimpedance and voltage amplifier applications. feedback resistance (0.75 KQ ~ 10.3, 1.5 KQ ~ 21), with a noise level of 0.8
» ATINA-TI simulation was used to design the amplifier circuit board. mV and a power consumption of 40 m\W

3. Measurements of the time resolution limit for different SIPMSs
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/
/ 4. Conclusions \

» A fast-timing amplifier board based on OPA855 operational amplifier has been designed by our lab, which can be used to achieve a high pre-
amplification and a good timing performance with a noise level of 0.8 mV and a power consumption of 40 m\W.

» The fast-timing amplifier board is compatible with SiPMs from NDL, SensL and Hamamatsu, which facilitates the timing characteristic test.

» Based on the fast-timing amplifier board, an excellent time resolution of ~ 20 ps can be obtained for NDL and SensL SiPMs, and the rise time can be as
\ good as 0.5 ns for SensL SIPMs, having great potential in timing measurement. /
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