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Development of High-Sensitivity and
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Abstract

In this paper, we propose the development of high-sensitivity low-end radiation measuring sensor module. The proposed measurement
sensor module is a scintillator + photomultiplier(SiPM) sensor optimization structure design, amplification and filter and control circuit
design for sensor driver, control circuit design including short-distance communication, sensor mechanism design and manufacturing,
and GUI development applied to prototypes consists of, etc. The scintillator + photomultiplier(SiPM) sensor optimization structure
design is designed by checking the characteristics of the scintillator and the photomultiplier (SiPM) for the sensor structure design.
Amplification, filter and control circuit design for sensor driver is designed to process fine scintillation signal generated by radiation
with a scintillator using SiPM. Control circuit design including short-distance communication is designed to enable data transmission
through MCU design to support short-range wireless communication function and wired communication support. The sensor mechanism
design and manufacture is designed so that the glare generated by wrapping a reflective paper (mirroring) on the outside of the plastic
scintillator is reflected to increase the efficiency in order to transmit the fine scintillation signal generated from the plastic scintillator
to the photomultiplier(SiPM). The GUI development applied to the prototype expresses the date and time at the top according to
each screen and allows the measurement unit and time, seconds, alarm level, communication status, battery capacity, etc. to be expressed.
In order to evaluate the performance of the proposed system, the results of experiments conducted by an authorized testing institute
showed that the radiation dose measurement range was 30 #Sv/h ~ 10 mSv/h, so the results are the same as the highest level among
products sold commercially at domestic and foreign. In addition, it was confirmed that the measurement uncertainty of +7.4% was
measured, and normal operation was performed under the international standard +15%.
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Fig. 1. Scintillator for the Design of Sensor Structure.
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Fig. 2. SiPM for the Design of Sensor Structure.
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Fig. 5. Photomultiplier (SiPM) Driver Circuit Design.
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Fig. 6. Filter Circuit Cesign for Boosting and Noise removal.
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Fig. 7. MCU Circuit Design.
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Fig. 8. A Schematic of Sensor Mechanism Design.
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Fig. 10. Assembly Diagram of Manufactured Sensor
Mechanism.
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Fig. 11. GUI Configuration Screen.
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Fig. 12. GUI Applied to the Prototype.
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Table 1. Experimental Results on Radiation Dose
Measurement Range And Measurement

Uncertainty Rate
ko3 1. HAMEF ESHH

?I & =Y =20 et A 2

Measurin Reference | Measured | Measurement
Source range 8 | dose rate Value uncertainty
3 (uSv/h) | (uSv/h) rate(%)
30 30.4
~100
4Sv/h 50 51.1 7.4
70 71.6
Measurin Reference | Measured | Measurement
asn rel & | dose rate Value uncertainty
e (uSv/h) | (uSv/h) rate(%)
300 307.5
~1,000
Cs-137 #Sv/h 500 511.5 7.4
700 716.4
Measurin Reference | Measured | Measurement
ran é & | dose rate Value uncertainty
5 (mSv/h) (mSv/h) rate(%)
3 3.1
~10
mSv/h 5 5.1 5.8
7 7.2
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