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Tom tit:

Bai bio trinh bay mgt phwong phap nhiam 6n dinh xung diu ra cho diu do nhip nhay bd nhin quang silicon (SiPM),
st dung tinh thé CLYC(Ce) ghép ndi véi SiPM ghi nhin birc xa gamma va neutron. Phuong phap nay dua trén dic
tinh cua SiPM la d¢ khuéch dai tang khi dién ap phan cuc ting va gidam khi nhiét do ting. Mot ngufﬁn dién ap phan
cwe cho SiPM dwoc thiét ké sir dung vi xir Iy dé quan Iy va diéu khién gia tri dién ap diu ra theo nhiét do méi truwong
hoat dong. Dik liéu hiéu chinh vé sw phu thudc vao nhiét dd ciia dinh ning lwong nguon ¥’Cs (662 keV) dwoc luu triv
trong bo nhé. Tuy vao nhiét d¢ moi truwdng do dugce, vi xir ly sé tinh toan va diéu khién dién 4p phén cuc cho SiPM.
Két qua cho thiy, trong dii nhiét dd mdi truomg hoat dong ciia diu do thay ddi tir 0,5 dén 45°C thi sy thay ddi ciia
vi tri kénh dinh nang lwgng 662 keV khi chwa hi€u chinh va khi da hiéu chinh twong @ng la 247 va 5 kénh. Nhw vay,
phuong phap hi¢u chinh sy phu thudc vao nhié¢t dd ciia bién do xung ra SiPM trong nghién ctru nay cé thé phat trién
rong rii trong cac dau do nhip nhay sir dung SiPM thay thé cho 6ng nhan quang di¢n (PMT).
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Abstract:

The article presents a method to stabilise the output pulse for the SiPM scintillation detector, which uses CLYC(Ce)
scintillation crystal coupled with a silicon photomultiplier (SiPM) to measure gamma and neutron radiation. This
method is based on the characteristic of SiPM that its gain increases with increasing bias voltage and decreases
with increasing temperature. A bias voltage supply was designed for SiPM that uses a microprocessor to manage
and control the output voltage value according to the operating ambient temperature. The corrected data on the
temperature dependence of the 662 keV peak energy of *’Cs radioactive source are stored in the memory. Depending
on the measured ambient temperature, the microprocessor controls the bias voltage value for SiPM. The results
show that in the operating temperature range of the detector from 0.5 to 45°C, the change of 662 keV peak energy
position when uncorrected and corrected is 247 and 5 channels, respectively. Thus, the method of correcting the
temperature dependence of the SiPM output pulse amplitude in this study can be widely developed in scintillation
detectors using SiPM to replace the photomultiplier tube (PMT).
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1. it van de

B§ nhan quang silicon (Silicon photomultiplier - SiPM)
la lya chon thay thé t6t cho PMT dé ché tao dau do nhép
nhay voi nhiém vu chuyén doi tin hiéu quang thanh tin hiéu
dién va khuéch dai chung thanh gia tri do dugc. SiPM co
kich thudc nho gon, ¢6 dd tin cdy cao hon dudi céc tac dong
co hoc, d6 nhay véi tir truong thip va ching co thé hoat
dong & dién 4p hoat dong thap hon dang ké so v4i PMT.
Viée str dung SiPM trong cac dau do nhép nhay cho phép
thu nho kich thudc va tiét kiém nang luong dé c6 duge cac
dau do v6i do phan giai ning luong pht hop trong nhiéu
ung dung [1].

Hién nay, phat trién cac dau do nhap nhay str dung SiPM
(goi tit 1 diu do nhip nhay SiPM) dang trd thanh xu huéng
trong viéc ché tao cac thiét bi ghi do btic xa xach tay nho
gon. Tuy nhién, SiPM c6 mdt s6 nhuogc diém va dic biét 1a
d6 khuéch dai cua ching phu thuoc dang ké vao nhiét do
moi truong lam viéc, diéu nay lam cho viéc st dung céac
dau do nhap nhay SiPM trong diéu kién nhiét d6 moi trudng
khong 6n dinh tré nén khé khan [2]. Do d6, khi sir dung cac
dau do nay can phai c6 phuong phap dé hiéu chinh sy phu
thudc vao nhiét do cho chiing.

C6 2 céach tiép can dé 6n dinh dic tinh cia SiPM theo
nhiét d6 1a phuong phap 6n dinh nhiét d6 moi truong hoat
dong cho dau do SiPM [3-5] va phuong phap hiéu chinh
lai sy phu thudc vao nhiét do cua dau do SiPM [6, 7]. Tuy
nhién, phuong phap 6n dinh nhiét d6 méi truong cho dau do
yéu cau cac giai phap thiét ké phirc tap, tiéu hao ning lugng
va khong thé st dung trong cac thiét bi xach tay di dong.
Phuong phép hiéu chinh sy phu thudc cua cac dac tinh dau
do vao nhiét do, co wu diém 1a thiét ké don gian, it tiéu hao
nang lugng, nhung khong thé 6n dinh duoc hét cac dic tinh
cua ddu do ma phai lua chon mét vai dic tinh thay ddi nhiéu
theo nhiét d va anh huéng 16n dén két qua cia bai toan ting
dung dé thuc hién.

Dau do st dung SiPM thuong dugc dung trong céc thiét
bi x4ch tay di dong, can thiét ké don gian va tiéu thy it ning
lwong. Do d6, phuong phap 6n dinh dic tinh cho dau do
theo nhiét do trong nghién ctru nay la khdo sat thuc nghiém
su thay ddi va hiéu chinh lai su phu thudc vao nhiét do cua
cac dic tinh dau do [7, 8].

2. Dol tuong va phuong phap nghién ciiu
Do6i tugng nghién ctru chinh 1a mot dau do nhép nhay sir
dung SiPM cta Hang CapeSym la MacroPixel nEL-14x25¢c-

SiPM-T (hinh 1). Pay 1a mot dau do nhap nhay c6 kha ning
ghi nhan biic xa gamma va neutron dua trén tinh thé CLYC
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(Cs,LiYCl:Ce) ghép ndi véi mang 2x2 SiPM (MicroFJ-
60035-TSV), dugc san xuit boi Hang CapeSym cta My. Bén
trong dau do di tich hop mot cam bién nhiét do cho phép theo
ddi chinh xac nhiét do cta tinh thé va SiPM [9].

Déu do c6 kich thudc tinh thé 1a 14x14x25 mm va c6 thé
do duogc tur nang lugng 10 keV, cho d6 phan gidi khoang 5%
& dinh 662 keV v6i do nhay 90 cps/uSv.h'. Ngudn phén cuc
yéu cau tir 26 dén 32 V, su phu thudc cua dién ap danh thing
vao nhiét d 1a 21,5 mV/°C [9], nghia 1a khi nhiét d6 ting
1°C thi dién ap danh thung ctia SiPM s¢€ tang 1én 21,5 mV va
chinh diéu nay lam thay d6i d6 khuéch dai cua dau do.
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Hinh 1. Hinh anh va cau tao ctia ddu do MacroPixel nEL-14x25c-
SiPM-T.

SiPM duge ché tao tir vat liéu ban dan silicon c6 céac
dac tinh phu thudc nhiéu vao nhiét do moi truong lam viéc.
Tham sb quan trong nhat cua SiPM phu thudc vao nhiét
d6 chinh 1a do khuéch dai va sy phu thudc co ban cua do
khuéch dai vao nhiét do co lién quan dén su phu thudc cua
dién 4p danh thing (V, ) vao nhiét do. Mt khac, do khuéch
dai cua SiPM cling phu thudc vao qua digén ap (V, ), voi su
gia ting qué dién ap, d6 khuéch dai cua SiPM ciing ting 1én.
Do d6, theo cong thirc (1) vé dién ap phan cuc ciia SiPM thi
khi nhi¢t do tang, dién ap V| s€ tang lén, lam cho qua dién
ap vV, giam xudng, kéo theo do khuéch dai ctia SiPM giam
xudng.

Vop = Vbd + Vov (1)

D¢ hiéu chinh d6 khuéch dai ctua SiPM ting tro lai can
lam cho qua dién ap tang 1én, va cach don gian nhat 1a ting
dién ap phan cyc (V, ) cho SiPM. Déy la co so ly thuyét cho
phuong phap hi¢u chinh sy phu thude vao nhiét do cho dau
do nhép nhay st dung SiPM. Mot mach dién tor da dugc
thiét k& voi chire ning do nhiét do moi truong thong qua
cam bién c6 sin trong dau do, sau d6 dua trén s6 lidu thuc
nghiém vé sy phu thudc ciia do khuéch dai SiPM véo nhiét
d6 moi truong dé diéu khién lai gia tri ngudn dién ap phan
cuc cho SiPM théng qua bd vi xu 1y va b bién ddi DAC
(hinh 2).
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Hinh 2. Sgy dd va mach dién ttr hiéu chinh sw phu thudc vao nhiét
do cho dau do.

B0 vi xtr Iy STM32L031 s& dinh ky doc nhiét d¢ tir dau
do thong qua két ndi SPI voi cam bién nhiét do. Dya trén sb
liéu thyc nghiém dugc luu trir trong bd nhé vi xu 1y, dién ap
phan cyc cta dau do s& duoc xac dinh. Vi xir ly thong qua
két ndi SPI voi mot b bién ddi DAC 12 bit, cung cap dién
ap thay d6i tir 0,7 dén 1,2 V t6i tin hiéu diéu khién ngudn
LT3842 dé cho ra dién ap phan cuc cho SiPM tuong tng tir
26V dén 32 V véi do chinh xac 12 £10 mV. Tat ca dau do,
mach khuéch dai, vi xu Iy va bd tao nguén phan cuc dugc
thiét ké trén mot ban mach c6 kich thuge 100x30 mm va sir
dung ngudn nudi 3 V v6i dong tiéu thu 20 mA.

Thyc nghiém hiéu chinh sy phu thudc vao nhiét d¢ cho
dau do duoc tién hanh véi viée sit dung mot buéng on dinh
nhiét do0 HH-2, cho phép cai dat va duy tri nhiét d6 véi do
chinh xac +0,5°C tao mo6i truong hoat dong cta dau do. Mot
ngudn phong xa chuan '¥'Cs (9,87 uCi) va mét thiét bi phan
tich ph6 bién do da kénh ctia Hang Ortec két hop véi phan
mém GammaVision, dugc st dung dé ghi nhan phd ning
luong va xac dinh vi tri dinh phé (hinh 3).

Hinh 3. Nguén phéng xa, budng én nhiét va hé phan tich phé da
kénh Ortec.

So dd b tri thuce nghiém nhu trén hinh 4, cung vdi cac
budc khao sat léy sb liéu thuc nghiém nhu sau:

- Bude 1: On dinh nhiét d6 budng 6n nhiét & gia tri nhiét
do 22,5°C (diém gilia cua dai nhiét do khao sat) va dat gia
tri dién ap phan cuc cho SiPM tuong tng voi nhiét do do
1a 28,5 V (diém giita khoang dién ap hoat dong ciia SiPM).
Tién hanh do va xac dinh vi tri kénh dinh 662 keV cua
nguén 137Cs, day duoc coi 1a vi tri chudn dé thyuc hién qua
trinh hi€u chinh.
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Hinh 4. So dd b tri thwe nghiém khao sat dd tréi dinh phd *'Cs
theo nhiét do.

- Budc 2: Gilt nguyén gia tri dién ap phan cuc SiPM &
28,5 V, ting budc thay doi cac diém nhiét do moéi truong
hoat dong cuia dau do trong khoang nhiét d6 khao sat thong
qua budng 6n nhiét. Tai mdi diém nhiét d6 do, tién hanh
do phé ngudn '¥'Cs trong thoi gian 60 gidy va xac dinh vi
tri dinh ning lugng 662 keV. Két qua thu dugc dir lidu cac
pho va vi tri dinh 662 keV tuong tmg véi cac diém nhiét do
khéc nhau.

- Budc 3: Tung budc thay doi cac diém nhiét do moi
truong hoat dong ciia dau do trong khoang nhiét d6 khao
sat thong qua buéng 6n nhiét. Tai mdi diém nhiét do, tién
hanh do phd ngudn ¥’Cs va diéu chinh gié tri dién ap phan
cuc SiPM dé hiéu chinh dinh ning luong 662 keV vé dung
vi tri chuan. Két qua thu dugc mot ham phu thudc gitra dién
ap phan cuc SiPM va nhiét d0 moéi truong hoat dong cta
dau do.

- Budc 4: Cai dat ham phu thude gitta dién ap phan cuc
SiPM va nhiét d6 méi truong hoat dong ciia dau do vao
trong bo nhd cua vi xir 1. Tién hanh khao sat ghi nhan dir
liéu phé va xac dinh vi tri dinh 662 keV tai cac diém nhiét
d6 khéc nhau, ta c6 duoc sb liéu vé vi tri cua dinh phé tai
cac diém nhiét d¢ sau khi d tién hanh higu chinh.

£ 2 < <
3. Két qua va ban luan

Két qua khao sat ghi nhan cac dit liéu phd nang luong
ngudn ¥’Cs & cac nhiét do moi truong khac nhau khi chua
c6 su diéu khién ctia mach hi¢u chinh nhiét d6 duoc thé hién
trong hinh 5. Két qua cho thay, khi nhiét d6 méi trudng hoat
d6ng cua dau do tang 1én thi bién do xung tin hiéu ra ciia ddu
do cang giam xudng, diéu nay la phi hop voi 1y thuyét vi
khi’ dodignap V, s& tén,g Ién, lam cho qua dién ap Vo,v giam
xuong, kéo theo d§ khuéch dai cua SiPM bi giam xudng.
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Hinh 5. Phé nguédn '¥Cs & cac nhiét do khac nhau trwéc khi hiéu
chinh.

Két qua khao sat va xdy dung ham phu thudc gitra dién
ap phan cuc SiPM va nhiét d6 moi truong hoat dong cua
dAu do dé 6n dinh vi tri dinh ning lugng 662 keV ctia ngudn
137Cs, dugc thé hién trén hinh 6. Két qua khao sat nay cho
théy, & diéu kién nhiét do6 moi truong hoat dong thép, su
thay doi bién d¢ xung ra cua dau do it hon va khi nhiét do
mdi trudng hoat dong cua diu do cang ting cao thi su thay
d6i d6 cang 16n. Pidu d6 cho thy, cac dau do nhip nhay st
dung bd nhan quang SiPM sé& hoat dong 6n dinh hon trong
diéu kién nhiét d6 moi trudong lam viéc thap.

Ham hiéu chinh thé phin cic dé giit én dinh dinh
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Hinh 6. Sy phuy thuéc cda thé phan cwc cua SiPM vao nhiét do
moi trwong.

Két qua khao sat ghi nhan cac dit liéu phd ning luong
ngudn ’Cs & cac nhiét d6 moi truong khic nhau, véi sy
diéu khién ciia mach hiéu chinh nhiét d¢ dugc thé hién trong
hinh 7. Két qua cho thdy, sau khi ap dung phuong phap hiéu
chinh su thay ddi theo nhiét d thi vi tri kénh dinh 662 keV
hau nhu khong c6 sy thay ddi, nghia la xung tin hiéu dau ra
ctia dau do dugc duy tri 6n dinh bién d6 khi nhiét d6 moi
truong thay doi.
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Hinh 7. Phé nguén "*’Cs & cac nhiét dé khac nhau sau khi hiéu

chinh.

Phan tich dénh gia cac két qua s6 liéu trén hinh 8 cho
théy, trong dai nhiét do thay ddi tir 0,5 dén 45°C, néu khong
¢6 su hiu chinh thay ddi theo nhiét do hoat dong cua dau
do, thi vi tri kénh dinh 662 keV thay dbi trung binh 1a 247
kénh, tir kénh 486 dén 733 (vao khoang 50%). Sau khi ap
dung phuong phap nay dé hiéu chinh sy thay d6i theo nhiét
d6 do, vi tri kénh dinh 662 keV chi con thay doi trung binh
1a 5 kénh, tir kénh 673 dén 678 (vao khoang 0,7%).
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Hinh 8. Vi tri dinh nguén '¥'Cs trwéc va sau khi higéu chinh & céac
nhiét dé khac nhau.

So sanh véi két qua nghién ctru ciia F. Licciulli va cs
(2015) [7] cho thiy, mic du khong cung dai nhiét d6 khao
sat nhung sb liéu vé do on dinh vi tri kénh dinh tir 50%
xudng 0,7% trong khoang nhiét do thay doi 44,5°C cia
nghién ciru ndy co ban twong dong vai sb lidu cai thién tir
22 xubng 0,78% trong khoang nhiét d¢ thay doi 10°C.

4. Két luan

Mot khéi mach dién tir thue hién viéc hiéu chinh su phu
thudc vao nhiét @6 cho dau do nhép nhay MacroPixel nEL-
14x25¢-SiPM-T, nham 6n dinh bién d6 xung tin hi¢u dau ra,
da dwoc phat trién va thir nghiém bang phuong phap didu
khién gia tri dién ap phan cuc cho SiPM trén dau do nay.
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Thuc nghiém khao sat sy thay d6i theo nhiét do cua bién do
xung tin hiu ra tu dau do cling da duoc thuc hién bﬁng cach
xéc dinh vi tri kénh dinh 662 keV ctia ngudn ¥’Cs trén phd
ké gamma da kénh.

Két qua nghién ctru cho théy, su phu thudc vao nhiét do
ctia bién d6 xung ra tir dau do 1a rat 16n, thé hién ¢ sy thay
dbi vi tri kénh dinh 662 keV vao khoang 50%, sau khi sir
dung phuong phap hiéu chinh, sy phu thudc vao nhiét do
cho dau do di cai thién ddng ké vé d6 on dinh bién d¢ xung
ra cia dau do, su thay ddi vi tri kénh dinh 662 keV chi thay
doi khoang 0,7% trong ca dai nhiét do thuc nghiém tir 0,5
dén 45°C.

Nhu vay, phuong phép hi¢u chinh sy phu thudc bién do
xung ra cua SiPM vao nhié¢t d§ trong nghién ctru nay co
thé phat trién rong rii trong cac dau do nhép nhay, sir dung
SiPM thay thé cho PMT, ung dung trong viéc ché tao mot
s6 thiét bi xach tay nh(} gon, hoat dong trong diéu kién nhiét
d6 moi truong khong 6n dinh.
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