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Highly integrated automated y spectrometer

CHEN Qi , WANG Zhong-Hai, ZHANG ZhaoYi, LI Fo-Quan, YANG Chao-Wen
(Key Laboratory of Radiation Physics and Technology, Ministry of Education, College of Physics,
Sichuan University, Chengdu 610064, China)

Abstract; With respect to the need for online y-ray monitoring in the containment of nuclear reactors, a
v spectrometer with high integration, low power consumption, high energy resolution, long endurance
and automatic measurement is designed in this paper. A LaBr;(Ce) scintillator detector with high energy
resolution is used in the spectrometer. And an active cone-shaped voltage divider circuit is designed to
supply power to the detector and to improve the dynamic range of energy response of the spectrometer.
Additionally, a low noise charge-sensitive preamplifier circuit is designed to amplify output signal of de-
tector, and a second-order active low-pass filter circuit is designed to shape the front-end signal into a
quasi-Gaussian pulse signal. A high integrated multi-channel pulse amplitude analysis circuit is designed
by using STM321.4 series microprocessor to complete the analog-to-digital conversion and on-line data
processing of the pulse signal and to obtain ¥ energy spectrum. In addition, we also designed a low-noise
high-voltage power supply circuit based on the CC228P-09Y small high-voltage power supply module to
provide high voltage for the LaBr; (Ce) detector. The power management circuit powered by lithium bat-
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tery is designed by using STM321.4 series processor, thus the spectrometer can enter the working mode

or standby mode automatically, realizing the automatic y spectrum measurement function of long endur-

ance time. In the end, a detailed performance test of the spectrometer is carried out: the energy resolu-

tion of the spectrometer is 3. 0% (@ 662 keV), and the energy response integral nonlinearity is 9. 5%.

It can work stably for a long time and has the characteristics of low power consumption and long endur-

ance time.
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Fig. 1 A block diagram of the y spectrometer system
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Fig. 2 Schematic diagram of active voltage divider circuit
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Fig. 3 Schematic diagram of charge sensitive preamplifier cir-
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Fig. 4 Schematic diagram of filter shaping circuit
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Fig. 6 Block diagram of multi-channel pulse amplitude a-
nalysis and processing
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Y spectrometer, (c) interactive interface
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N

5 & i

AL 1 HE T STM32L4 R 9 A 34t 1Y
TRIIFE o HF RSB 1 By B, TSR
RN SFAL A $60 mm X 220 mm. FEREIE A 4 1R
e E A S P TAEBLURAF LU A 3 g
I EEDIRE AL T RN e N AR BT v
TR PR WS oK. SCRER 0 (U e B ) R
AR AR A HRUE Pk R HLDIFE AN T AR DI RE I
FAPEAII. SEE AT 662 keV v S LLRE R 20 BE
%%7 3. O%; %ﬁﬁzu Am‘m CO‘133 Ba‘137 CS‘s/1 Mn,
Y Cof™ Thy BRI A3 36 AXAE 50~3 000 keV
AERL DX ] Y B AL 9. 500 5 S 40 i 2 Th
Y ORI SE 48 b I {300 RE AR E T TR
331 238 F1 2 614 keV RFAE A 07 38 Bk (19 35 KA
RIRZE 53R 0. 14 %51 0. 2254 5 SEI A5 35 1LI1)
TARIIFED 1. 38WL AFHLIIFE N 8. 40 mW, LAAER
TAE 2 h AFHL 22 h S4B R 10 Ah SR fl L
AT L T AR 40 d.

SE

[1]

[2]

[3]

[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

TR, o, £, % ATEY GPS @A+
£l vy BRIBAC T LT]. A s b3k, 2010,
31. 62.

hEERET S, 2019 4F 1~12 H 2 EEHIETT
oL [EB/OL]. (2020-02-12) [ 2020-10-28]. ht-
tp://www. china-nea. cn/site/content/36862. html.
ALY, RIAREE v BB BT 5928 D ]
Jent: hERERE RS, 2016.

A BT . B . 5. LaBry (Ce) 55 Nal
CTD IRBRERI &5 1 P RE B T 5 L8R [T, B F 2
M A, 2014, 34, 918,

Saint-Gobain Crystals. Physical properties of com-
mon inorganic scintillators [ EB/OL ]. [ 2020-10-
2871.

sites/imdf. crystals. com/files/documents/physical-

https://www. crystals. saint-gobain. com/

properties-of-inorganic-scintillators_0. pdf.

Heifets M, Margulis P. Fully active voltage divider
for PMT photo-detector [ C]// Nuclear Science
Symposium & Medical Imaging Conference. [S.1]:
IEEE, 2012.

T B BIIMD dbat. JRFRE R
#t, 1983.

Analog Devices Corporation. High performance, 145
MHz fast FET OP amps AD8065/ AD8066 datashe-
et [EB/OL]. (2019-01-10)[2020-10-287. https://
www. analog. com/media/en/technical-documenta-
tion/data-sheets/ AD8065 8066. pdf.

W, ZRE, &, F B TIGE SK BN
kR e d s [T ], 22 N K222 4 CA BHBD
2008, 44. 137.

JERTEMOCTF AR A RA F. CC228 Rk
LB AR B [ EB/OL . (2019-01-15) [ 2020-10-28 1.
http: //www. bhphoton. com/Upload/ & [ Hi, i #i
Hr/CC2280910/CC22809,10-13535341140. pdf.

ST Microelectronics Corporation. STM321.476xx
datasheet [ EB/OL ], (2019-06-07) [ 2020-10-28 ].
https://www. st. com/resource/en/datasheet/stm

3214 76rg. pdf.

3

+ 3l AAHER
3* SO WREE. TR, TR, S RRARRUE AN v

+ Nat Sci Ed, 2021, 58: 044001.

Sbf

HeTE

+

LI PRS2 FSRRRERRT 2021, 585 044001, 3
; P& : Chen Q, Wang Z H, Zhang Z Y, et al. Highly integrated automated y spectrometer [ J]. J Sichuan Univ; }

i

e e en i seeer s —hmsn—pmer s s —h st —fmer—mer st er—pmsesr st —hmsr—mse—esr s —hsr—pmersr—ese st —pmsr s ese st —peerpmrree

044001-6





