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Tom tat

Hé do gamma sir dung dau do nhap nhay cho thay nhiéu wu diém néi bdt vé hiéu sudt
ghi, d phan gidi va tinh linh dong trong ldp dat cdu hinh do, do dé dwoc sik dung réng rai
trong link viec nghién cizu va 1ng dung nguén bic Xa gidi quyét cac bai toan thuc té. Viéc
sir dung nhan quang dién silicon (Silicon Photomultiplier — SiPM) thay cho éng nhan
quang dién (PMT) trong dau do nhdp nhay gidp giém gia thanh ché tzo va bdo tri, ciing
nhu thu gon kich thudc hé do. Bai bao nay trinh bay viéc xay dung hé do gamma don kénh
sir dung dau do nhap nhay Nal(T1) két hop véi SiPM. Hé do bao gom tinh thé nhdp nhay
Nal(TI) (0,5 x 1 inch) ghép nai véi SiPM, khai nguon phan cuc SiPM, khéi khuéch dai,
khoi phan biéz bién do xung, khoi vi diéu khién (Arduino) va phan mém diéu khién thu nhdn
so ligu trén may tinh. O diéu kién phong, hé do dat dg phan gidi nang lirong (FWHM) 1
21,89+ 0,15% va 19,38 + 0,21% twong vng Véi nguon chudn *¥'Cs tai ning heong 662 keV
va ?Na tai nang lwong 511keV. Két qua dat dirge la co sé cho viéc cdi tién viéce ghi do tia
gamma phuc vi cho cac nghién ciu ing dung nguén bizc xa & quy md phong thi nghiém.

Tar Khéa: ghi do tia gamma, Nal(Tl), Phé gamma, Silicon Photomultiplier, SiPM, tinh thé
nhdp nhay

Abstract

BUILDING A SINGLE-CHANNEL GAMMA-RAY SPECTROSCOPY USING
SILICON PHOTOMULTIPLIER (SiPM) TECHNOLOGY

Gamma-spectroscopy using scintillation detectors shows many outstanding
advantages of detection efficiency, resolution and flexibility in installing configuration
measurements, therefore, it is widely used in the field of research and application of
radiation sources to solve practical problems. Using a silicon photomultiplier (SiPM)
instead of a photomultiplier tube (PMT) in scintillation detectors allows reducing
manufacturing and maintenance costs, as well as, shortening the size of the measuring
systems. This paper presents the construction of a single-channel gamma-ray spectroscopy
using Nal(Tl) scintillation detector combined with SiPM. The measurement system includes
a 0,5 x 1 inch scintillation crystal Nal(Tl) connected with SiPM, SiPM polarized source
block, amplifier block, pulse amplitude discriminator block, microcontroller block
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(Arduino) and control software to acquire data on computer. At room conditions, the
measurement system achieves an energy resolution (FWHM) of 21,89 + 0,15% and 19,38 +
0,21% corresponding to reference sources of *’Cs at 662 keV and ?Na at 511keV. The
obtained results are the basis for the improvement of gamma-ray detection for research on
the applications of many uses of radiation at laboratory scale.

1. it van dé

Tia gamma c6 ban chét 1a song dién tu, dugc sinh ra tir sy bién ddi cAu truc bén
trong hat nhan nguyén tir. Tia gamma c6 rat nhiéu ung dung trong doi séng nhu xa tri
va khtr tring trong y té, chiéu xa nong san, tao dot bién giéng ciy trong trong nong
nghiép, kiém tra khuyét tat trong cac hé thong cong nghiép (Hassane va Jaouad, 2019).

Nguyén tic do tia gamma 1a chuyén d6i ning lugng cua tia gamma thanh tin hiéu
dién. C6 nhiéu loai dau do sir dung nguyén tac nay nhu dau do khi, dau do nhap nhay, dau
do ban dan. Trong coéng nghiép, dau do nhap nhay duoc tng dung rong rdi nhat, cu thé 1a
dau do nhip nhay Nal(TI) két hop 6ng nhan quang dién (PMT), vi cac dic tinh nhu hiéu
sudt cao, 40 phan giai nang lugng tot, c6 thé 1ap dit cho nhiéu ciu hinh do khac nhau
(Knoll, 2020). Tai trung tim Ung dung k¥ thuat hat nhan trong cong nghiép (CANTI),
chung t6i di thanh cong Gmg dung soi gamma sir dung loai dau do Nal(T1)/PMT va hé do
gamma don kénh (Lai Viét Hai va cs., 2020) trong cac k¥ thuat nhu soi thap, soi van tai
nha may loc hoa dau Nghi Son va nha méy loc dau Dung Quét, k¥ thuat kiém tra chan dé
gian khoan — FMI tai gian Chim Séo, gian WHP. Mic du ¢6 nhiéu uu diém ndi trdi nhung
dau do nhap nhay sir dung PMT van ¢6 cac nhugc diém can phai cai tién nhu khong str
dung trong diéu kién moi trudng c6 tir truong, PMT duoc ché tao tir dng thay tinh chan
khong nén rat d& v, st dung cao thé dé hoat dong lam cho hé théng tré nén ton kém.

Trong vai ndm gan ddy, huéng cai tién sir dung nhan quang dién silicon (SiPM)
thay thé cho dng nhan quang dién (PMT) trong dau do nhap nhay 1a xu thé. SiPM c¢6 céc
wu diém nhu gia thanh ré, dién thé hoat dong thép, hiéu suat tuong duong véi PMT, nho
gon, khong nhay cam véi tir trudong, dé bén co hoc cao. Vi cac wu diém nbi trdi, SiPM
da duoc ung dung dé thay thé PMT trong kinh hién vi huynh quang gitp ting chat
lwong hinh 4nh trong cong nghé sinh hoc (Ching-Roa va cs., 2021); trong y té, k¥ thuat
CT/PET cho dong vat nho st dung SiPM lam tang d¢ nhay, d6 phan giai khong gian
Lee va cs., 2015); trong linh vuc vat 1y va tin hoc lugng tir, SiPM dugc sir dung dé tai
tao lai cac trang thai thong ké c6 dién ciia anh sang (Chesi va cs., 2019); gan déy, cong
ngh¢ xe tu 1ai st dung cac SiPM trong cac by LiDAR giup kha nang phat hi¢én muc tiéu
dang tin cay hon (broadcom.com); ngoai ra, SiPM con dugc str dung trong rat nhiéu tng
dung khac (Otte va cs., 2006; Renker, 2009; Yokoyama va cs., 2010; Musienko va cs.,
2007). Du vy, viéc nghién ctru tmg dung nhén quan dién silicon (SiPM) trong dau do
nhip nhay ghi do tia gamma chua thuc sy duoc quan tim tai Viét Nam.

Nghién ciru nay trinh bay viéc xdy dung hé do gamma don kénh sir dung dau do
nhap nhay Nal(TI) két hop voi SiPM. Két qua dat dugc 1a co s cho viée cai tién viée
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ghi do gamma phuc vu cho cac nghién ctru Gng dung ngudn birc xa & quy md phong thi
nghiém cuia Trung tim Ung dung k¥ thuat hat nhan trong cong nghiép.

2. Vit liéu va phwong phap

2.1. Thiét ké va ché tgo hé do

Hé do gamma don kénh sir dung tinh thé nhap nhay Nal(TI) ghép ndi véi SiPM duoc
xay dung tir cac khéi co ban nhu Hinh 1. Khi cac buc xa gamma twong tac tinh thé Nal(TI)
(1) s€ tao ra cac photon anh sang c6 budc song khoang 420nm. Céc photon anh séng nay
duoc dan dén SiPM (2) qua céc 16p keo quang hoc. Khi SiPM duoc cap du dién ap tir khoi
ngudn phan cuc (3) sé sinh ra cac xung dién. Cac xung dién nay duoc dua vao khdi khuéch
dai (4) dé khuéch dai bién do va hinh thanh dang xung Gauss va sau d6 dugc dua vao khdi
cat ngudng (5), cac xung dang Gauss dugc chuyén thanh cac xung vuéng theo chuan TTL.
Khéi vi diéu khién (6) ¢ chirc nang d¢ém xung theo thoi gian, diéu khién va do luong dién
&p phan cuc (3), diéu khién va do ludng gia tri dién ap ngudng (5) va giao tiép voi may tinh
(6) bang chuan RS232 dé nhan cac lénh diéu khién va truyén gia tri do vé phan mém may
tinh (7). Phan mém may tinh (7) c6 chire nang diéu khién, thu nhan va luu trit cac gié tri do.
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Hinh 1. So d6 khéi hé do gamma don kénh su dung SIPM

SiPM: Trong bdo cao nay nhom
nghién ctru da str dung SiPM cua héng
ONSEMI: MICROFC-60035-SMT-TRL1.
Day la loai SiPM c6 dién tich vung nhay
la 6 x 6mm?, tng s6 microcell la 18980,
dién ap hoat dong nho hon 30V. Bo
nhay cuc dai tai budc séng 420nm, phu
hop v&i budc séng anh séng cua tinh thé
Nal(TI) (https://www.onsemi.com). Hinh 2. SiPM cua hdng ONSEMI

(MICROFC-60035-SMT-TR1)

(https://www.onsemi.com)
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Tinh thé Nal(Tl): Tinh thé
Nal(TI) dwoc tan dung tir dau do bj
hong PMT. Kich thudc cua tinh thé
0,5inch x linch, dugc boc kin trong
hop nhém c6 cira s6 quang hoc bing
thach anh. Tinh thé Nal(TI) va SiPM
dugc ghép ndi bang keo quang hoc
Meltmount, loai keo c6 thé dong rin & ) )
nhiét do 25°C va néng chay & nhiét do Hinh 3.‘Tinh thé Nal(TI) ghép noi véi SiPM
tir 60°C dién 85°C, c6 chiét suat 1,582, bang keo quang hoc Meltmount

Khéi nguén phan cuec:
SiPM hoat dong véi dién ap
thip nén nhom nghién cau
da st dung module DC — DC
cua hdng ULTRAVOLT co
mé la 0.1XS5-P0.1. Module
nay c6 nhiing thdng sé k¥
thuat nhu sau: dién ap vao
5V, dién 4p ra c6 thé diéu
khién duoc tir OV dén 100V,
dong ra téi da 1mA, do troi Hinh 4. Khéi nguon phan cuc di ché tao hoan
theo nhiét do 1a 50 ppm/°C. thién, kich thwoc 5,5cm x 3,7cm

Khéi khuéch dai: Khdi khuéch dai ¢d chirc nang khuéch dai tin hiéu tir dau do va
tao dang xung pht hop dé dua vao khéi cat ngudng.
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Hinh 6. Tin hi¢u tzr SiPM (mau xanh — bién
Hinh 5. Khéi khuéch dai dwoc chétao  d@g 75 mV, kénh 2) sau khi qua khéi khuéch
hoan chinh, kich thwéc 5,5cm x 3,7cm dai (mau vang bién do 2800 mV, kénh 1)

Khéi cdt ngwong (phan biét bién dp xung): Chirc ning cua khéi cit ngudng la
phan biét bién do xung cua tin hiéu vao. Khdi cit ngudng duoc ché tao dua trén cac tinh
nang cua op-amp so sanh, trong d6 khi dién &p ¢ chén input (+) 1én hon dién 4p & chén
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input (-) thi dau ra ciia op-amp so sénh sé& cho ra mirc logic cao va nguoc lai s& cho mirc
logic thap nhu Hinh 7. Hinh 8 md ta khéi cit ngudng dugc ché tao hoan chinh. Hinh 9
téc do dap ung cuia Khéi cat ngudng.

cr#t

Bién o 50 sizh |
wj+ Dhen ap 50 s3n | (@ cragia L

¥2* Tin hiéu can 50 sanh
¥Ys* Tin hisudiura

Hinh 7. Nguyén tdc hoat dong cia op-amp ~ Hinh 8. Khéi cdt ngurdng duroc ché tao
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Hinh 9. Téc do dép ing cua khoi cat nguong.

Khéi vi diéu khién:
Khéi vi diéu khién sir dung
Module Arduino Mega 2560
Pro lam khéi diéu khién
chinh véi chitc nang giao
tiép voi may tinh thdng qua
chuan RS232, diéu khién
khdi nguon phan cuc, khoi
cit ngudng va dém xung
theo thoi gian. Hinh 10. Module arduino mega 2560 pro.

2.2. Phdn mém diéu khién

Phan mém diéu khién hé do trén may tinh dwoc nhém nghién ctu 1ap trinh bang ngén
ngir C++ vai cac chirc nang nhu tu dong khao sét phd vi phan, thiét 1ap cac théng sb dic
trung cua hé do gdm dién ap phan cuc, ngudng trén, ngudng dudi, thoi gian do, cling nhu
cho phép luu trit va d6 thi héa dit liéu. Giao dién phin mém dugc minh hoa nhu Hinh 14.
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Hinh 11. Giao dién chicong trinh diéu khién hé do trén may tinh.

Hinh 12. Mdy do don kénh (trdi) va dau do (phai)

3. Két qua nghién ciru
Pau do sau khi ché tao duoc khao sat d6 phan giai ning lwong st dung ngudn
chuan *¥"Cs-10,89uCi, ngudn chuan #Na-1pCi tai Phong thi nghiém Dién tir tu dong
cua Trung tdm Ung dung k¥ thuat hat nhan trong céng nghiép. Thong sé thi nghiém
dugc trinh bay trong Bang 1.
Bdng 1. Thong sé thi nghiém khdo sat hé do.

Théng s6 Gia tri
bién ap phan cuc 28V
Thoi gian do 5000s
Chiéu dai cép tin hiéu 0,5m

Két qua khao sat do phan giai nang lwong cua hé do dugc trinh bay trén Hinh 16
va Hinh 17. Trong d6, ¢ phan giai nang luong caa nguon Cs*®’ 1a 21,89% +0,15%
twong tng véi dinh niang lwong 14 662 KeV. Do phan giai ning luong caa ngudn »*Na la
19,38% + 0,21%, twong tng tai dinh nang lugng 511 KeV.
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Hinh 13. Két qua do pho gamma cua Hinh 14. Két qua do pho gamma cua
nguon ¥'Cs nguon ?’Na

Ngoai ra, nhém nghién cau con thuc hién khao sat dau do caa hang Ludlums sir
dung Nal(T1) ¢ cung kich thudc véi tinh thé ¢ trén va ghép ndi PMT dé so sanh. Két
qua do phan giai nang luong cia ngudn *¥'Cs 1a 17,07 +0,41%), twong Gng tai dinh
nang lugng 662 KeV.
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Hinh 15. Phé néng hrong cia nguon *3'Cs khao sat bang ddu do cia hang Ludlums
(Nal(T1) ghép noi PMT)

Nguyén nhan ciaa su chénh Iéch d6 phan giai nang luong cé thé 1a do SiPM khong
ddng dang va cung kich thuéc véi cira s6 tinh thé. Trong khi, dau do cua hdng Ludlums
c6 PMT cung kich thuéc va ctra s6 ddng dang véi ctra s6 caa tinh thé nén thu nhan duoc
nhiéu anh sang tao ra tir tinh thé din dén do phan giai nang luong tét hon va sé dém tai
dinh quang dién trong cung don vi thoi gian cao hon.

4. Két luan

Trong bai bao nay, cac tc gia di xdy dung thanh cong dau do gamma sir dung tinh
thé nhap nhap Nal(TI) két hop nhan quang dién silicon — SiPM va may do don kénh c6 cac
chirc ning nhu cap ngudn phan cuc cho dau do, thiét 1ap thoi gian do, luu trir hién thi dir
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liéu. May do don kénh va dau do duoc kiém tra véi nguon chuan *¥Cs va Na, két qua do
lan Tuot 1A FWHM (662KeV ) = 21,89% + 0,15% va FWHM (511KeV ) =19,38% + 0, 21% .
Tir céc sb liéu trén cd thé thiy két qua ciia nghién ctiu nay a tich cuc, néu tiép tuc cai thién
c6 thé str dung loai dau do nay trong cac ky thuat soi gamma, ki thuat hinh anh hat nhan
hoac trong céac phong thi nghiém hat nhan cua cac truong dai hoc.
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Trung tam Ung dung ki thugt hat nhan trong cong nghiép véi kinh phi do Vién
Nang lwong nguyén tiz Viét Nam cdp théng qua dé tai ma sé CS/21/06-01. CAc tac
gid xin tran trong cam on.

TAI LIEU THAM KHAO

[1] A.N. Otte, et al. (2006). Prospects of using silicon photomultipliers for the astroparticle
physics experiments EUSO and MAGIC. IEEE Trans. Nucl. Sci., vol. 53, 636-640.

[2] Chesi, G., Malinverno, L., Allevi, A. et al. (2019). Optimizing Silicon photomultipliers for
Quantum Optics. Sci Rep 9, 7433. https://doi.org/10.1038/s41598-019-43742-1

[3] Ching-Roa, V.D., Olson, E.M., Ibrahim, S.F. et al. (2021). Ultrahigh-speed point scanning
two-photon microscopy using high dynamic range silicon photomultipliers. Sci Rep 11,
5248. https://doi.org/10.1038/s41598-021-84522-0

[4] D. Renker (2009). New developments on photosensors for particle physics. Nucl. Instrum.
Methods Phys. Res. A, vol. 598, pp. 207-212.

[5] G. F. Knoll (2000). Radiation Detection and Measurement (John Wiley& Sons, New York).

[6] Hassane Erramli and Jaouad El Asri (June 26th 2019). Gamma Rays: Applications in
Environmental Gamma Dosimetry and Determination Samples Gamma-Activities Induced
by Neutrons, Use of Gamma Radiation Techniques in Peaceful Applications, Basim A.
Almayah, IntechOpen, DOl: 10.5772/intechopen.85503. Available  from:
https://www.intechopen.com/chapters/66573

[7] Lai Viét Hai, Vuong Buc Phung (2020). Xay dung hé do gamma don kénh ung dung ky
thuat truyén phat khong day. Tep chi Khoa hoc dai hoc Thi Dau Mgt
https://doi.org/10.37550/tdmu.VJS/2020.01.016

[8] Lee, Jin & Lee, Seung-Jae & Chung, Yong (2015). Development of SiPM-based Small-
animal PET. IEIE Transactions on Smart Processing and Computing 4. 324-329.
10.5573/IEIESPC.2015.4.5.324.

[9] M. Yokoyama et al. (2010). Performance of multi—pixel photon counters for the T2K near
detectors. Nucl. Instr. Meth., vol. A, vol. A 622, pp. 567-573.

[10]Y. Musienko, Y., E. Auffray, P. Lecoqg, S. Reucroft, Swain J., and J. Trummer (2007).
Study of multi-pixel Geiger-mode avalanche photodiodes as a read-out for PET. Nucl.
Instrum. Methods Phys. Res. A, A571 362-5.

93


https://doi.org/10.1038/s41598-019-43742-1
https://doi.org/10.1038/s41598-021-84522-0
https://doi.org/10.37550/tdmu.VJS/2020.01.016

