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Tém tit:

Trong nghién ciru nay, mét diu do nhip nhay di dwgc phat trién bing cich sir dung tinh thé CsI(TI) ghép ndi
v6i mang nhan quang silicon (SiPM - Silicon photomultiplier) nhim thay thé cho 6ng nhin quang di¢n (PMT -
Photomultiplier tube), véi wu diém 13 dau do nhé gon va tiét ki¢m niing lwgng. Tinh thé nhdp nhay CsI(TI) dang
hinh hdp chir nhat véi kich thwée 50x25x25 mm cia Hang Kinheng va mé dun SiPM S13361-3050AE-08 c6 kich
thude 25x25 mm ctia Hing Hamamatsu da dugc lua chon str dung. Mach tién khuéch dai, nguf)n nudi va 6n dinh
nhlet do ciing da dworc tich hop vao trong diu do. Mot s0 dac trung ciia diu do da dwgce danh gia bang cach su’ dung
nguon phong Xa chuin ¥'Cs cung véi hé thiét bi phan tich pho gamma da kénh ctia Hang Ortec va phan mém phan
tich pho Gamma Vision. Két qua cho thay, d¢ phan giai nang lwgng dbi voi dinh '¥'Cs ciia dau do nay la khoang
8,03%, gin nhu twong dwong voi do phan giai 7, 87% cia diu do sir dung 76x76 mm tinh thé NaI(TI) ghép ndi véi
PMT citia Hang Canberra. Két qua danh gia d¢ on dinh theo thoi gian khi nhiét do moi tru’(rng hoat dong cia dau
do nay khong thay déi cho thay vi tri dinh pho ning lwgng va do phan giiai nang lwgng dbi véi nguon phéng xa ¥’Cs
12 hiu nhw khong thay ddi theo thoi gian hoat dong. Nghién ciru ciing da khio sit dd on dinh ciia ddu do theo nhiét
dd méi truwong hoat dong va két qua la bién d9 xung ra thay doi rat 16n theo nhiét do moi truwong, bién do xung ra
giam khi nhi¢t dd mdi truong ting 1én va ngwoc lai. Trong diéu kién nhiét dp méi trwdong thay ddi tir 11 dén 50°C, vi
tri dinh ning hrong ciia ngudn ¥’Cs thay déi 1a 1762 va 167 kénh, twong wng trong cac truwong hop khong cé va co
su diéu chinh ciia chire niing 6n dinh bién d§ xung ra theo nhié¢t do trong by ngudn nudi SiPM. Khi di c6 chirc ning
on dinh bién d§ xung ra nhung sy thay doi vi tri dinh ph6 ning lwgng theo nhiét do moi truwong hoat dong van con
khoang 4,3 kénh/°C, do dé can tlep tuc nghién ctru hiéu chinh sw anh huéng cia nhiét d méi trueomg dén hoat dong
cua dau do nay, nhim cung cap kha nang tng dung rong rai dau do nhap nhay sir dung SiPM thay thé cho PMT
truyen thong trong tuong lai.

Tir khéa: dau do nhip nhiy, mang nhan quang silicon SiPM, tinh thé nhap nhay CsI(TI).

Chi s6 phén logi: 2.3

thac 1ii (APD) hoat dong & ché do Geiger ghép ndi tiép voi
mdt dién tro co tac dung khoi phuc lai ché do Geiger cho

APD sau mdi lan hip thy photon [3]. SiPM c¢6 khuéch dai
ndi cao, ¢o thé tao ra tin hiéu c6 bién do xung va d¢ phan

Pat van de

Péu do nhép nhay thuong duoc st dung kha phé bién
trong cac hé ghi (jo hat nhan boi dac tinh la c‘éu tao hé do
don gian, hi¢u suat ghi cao, dap tng duoc nhiéu Gng dung.

Céu tao ciia dau do nhap nhay truyén thong bao gém tinh
thé nhip nhay va dng nhan quang dién (PMT). Tuy nhién,
PMT c6 nhuge diém 1a kich thude céng kénh, nhay cam
voi tu truong va dién ap hoat dong cao, do do doi hdi mot
khong gian rong rai va dung lugng pin 16n [1, 2]. Day la rao
can khi sir dung cac dau do nhip nhay truyen thong trong
viéc ché tao cac thiét bi xach tay nho gon va tiét kiém ning
lugng.

Ngay nay v6i su phat trién cia cong nghé ban dan, cac
bd nhan quang silicon (SiPM) da dugc nghién ctru va su
dung rong rdi nhu mot bo bién doi quang-dién trong nhidu
linh vuc. SiPM duoc cdu tao gdm hang nghin phin tu
(microcell) duoc ndi song song véi nhau va sap xép thanh
hinh chit nhat, trong mdi phan tr d6 chira mot didt quang
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giai thoi gian tuong duong véi PMT [4-8], do d6 SiPM hoan
toan c6 thé thay thé chirc nang ciia PMT véi wu diém 1a dién
ap hoat dong thép, khong bi anh hudng boi tur truong, kich
thudc nho gon, phi hop vai viée ché tao cac thiét bi xach
tay di dong [8].

Hién nay mot sé hing trén thé gidi cling da san xuét va
thuong mai hoa cac dau do nhip nhay s dung SiPM thay
thé cho PMT dé ghi nhan phd ning luong birc xa, cac dau do
d6 co thé ké dén nhu: SIP-E3-X cua Hang Scionix, Sigma50
cua Hang Kromek, C12137 ctia Hang Hamamatsu... Vi
nhitng 1y do trén cong viéc ché tao dau do nhép nhay sir
dung tinh thé CsI(T1) ghép ndi voi SiPM da dugc trién khai
thyuc hién trong nghién clru nay.
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Abstract:

In this research, a scintillation detector was developed
using the CsI(TI) scintillator crystal coupled with a silicon
photomultiplier (SiPM) to replace the photomultiplier tube
(PMT), resulting in a compact and energy-efficient detector.
A rectangular box-shaped CsI(TI) scintillation crystal with
dimensions of 50x25x25 mm from Kinheng and a SiPM
module S13361-3050AE-08 with dimensions of 25x25 mm
from Hamamatsu were selected to use. The preamplifier
circuit, power supply, and temperature stabiliser have also
been integrated into the detector. The characteristics of this
detector were evaluated using a '’Cs standard radioactive
source together with Ortec’s multichannel analyser device
and Gamma Vision software for spectrum analysis. Results
showed that the energy resolution for the *’Cs peak of this
detector is about 8.03%, which is almost equivalent to the
energy resolution of 7.87% of the Canberra detector using
76x76 mm Nal(Tl) crystal coupled to the PMT. The results
of the evaluation of stability over time when the operating
ambient temperature of this detector with no change showed
that the energy peak position and the energy resolution for the
B37Cs radioactive source are almost unchanged. The research
also investigated the stability of the detector according to the
operating ambient temperature. The results exhibited that
the output pulse amplitude varies greatly with the ambient
temperature, it decreases when the temperature increases and
vice versa. Under the condition that the operating ambient
temperature varies from 11°C to 50°C, the energy peak position
of ¥7Cs changes were 1762 and 167 channels, respectively in the
cases without and with adjustment of output pulse amplitude
stabilisation function in power supply for SiPM. When there is
a function of output pulse amplitude stabilisation, the change
in peak position according to operating ambient temperature
is still about 4.3 channels/°C, so further research is needed to
correct the influence of ambient temperature on the operation
of this detector, to provide wide applicability of scintillation
detector using SiPM to replace traditional PMT in the future.

Keywords: CsI(TI) scintillation crystal, scintillation detector,
silicon photomultiplier (SiPM).

Classification number: 2.3
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Déi twgng va phuong phap nghién ciiu
Luwa chon ciu hinh dau do

Tinh thé nhdp nhay thuong sir dung trong cac dau do
nhép nhdy c6 cac loai nhu Nal, Csl, LaBr, BGO véi céc
thong s6 k¥ thuat co ban nhu trinh bay & bang 1. Tir bang
thong s6 nay cho thay dé tinh thé nhip nhay LaBr3(Ce) dat
hiéu sudt cao nhat do c6 mat do va nang suit anh sang cao,
ddng thoi tinh thé nay ciing cho do phén giai tot nhat. Tuy
nhién, déng nghia véi chit lugng 14 gia thanh cua tinh thé
nay ciing cao gap hon chuc 1an so véi cac loai tinh thé khéc,
do d6 no chi phu hop véi cac thiét bi yéu cau vé do phan
giai tot.

Bang 1. Bang théng sé ky thuat co’ ban cia mét sé loai tinh
thé nhap nhay [6].

Tinh thé  Matd) Ningsudt Budc song Thiigian  BA day nira dinh
nhap nhdy (g/em’)  anh sang (ph/keV) nhay dinh (nm) phan ra (ns)  photon 662 keV (cm)
Nal(Tl) 3,67 38 415 250 2,5

CsI(T1) 451 54 550 1000 20

LaBr,(Ce) 5,08 63 380 116 1,0

BGO 7,13 8 480 300 18

Déi voi tinh thé BGO cho nang suét anh sang thip va
dac biét 1a anh sang dau ra phu thudc rat nhiéu vao nhiét do
modi truong hoat dong (hinh 1). Hon nita, bién d§ xung ra
tir SiPM ciing thay di rat nhidu theo nhiét d6 méi truong
hoat dong, do do tinh thé nhip nhay BGO khong phai lua
chon téi uu cho nghién ctru nay. Tinh thé nhap nhay CsI(T1)
¢6 wu diém hon so v6i Nal(TI) 1a mat d6 va nang suit anh
sang cao hon, anh sang déu ra 6n dinh hon khi nhiét 46 méi
truong thay doi (hinh 1). Theo thong s6 & bang 1 thi dau do
sir dung tinh thé nhap nhay CsI(T1) cho d6 phan giai tot hon
khi sir dung tinh thé Nal(TI). Mat khéc, xét vé do phu hop
khi ghép ndi cac tinh thé nay véi SiPM thi theo db thi hinh 2
cho thdy hiéu suét ghi nhan photon cia SiPM tai budc song
nhay dinh ciia hai tinh thé nay Ia twong tuong nhau.
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Hinh 1. Sw phu thuéc anh sang dau ra theo nhiét d6 cua mot
s6 tinh thé.
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Hinh 2. Cwéng do phat xa va hiéu suat ghi nhan photon cta
mot s6 tinh thé.

Vi nhitng phan tich ¢ trén, tinh thé nhap nhay CsI(T)
da duoc lya chon dé ghép ndi véi SiPM trong nghién ciru
ché tao diu do nhip nhay nay. SiPM thudng dugc ché tao
dang hinh vudng, do d6 bé mit ghép ndi cua tinh thé nhép
nhay ciling thuong lya chon dang hinh vuéng cho phu hop.
Qua tim hiéu cac loai tinh thé c6 sin trén thi truong, tinh thé
CsI(T1) véi dang hinh hdp chir nhat kich thude 50x25x25
mm da dugc lya chon st dung trong nghién curu nay.

Trong céac két qua nghién ctru ciia T. Huang va cs (2017)
[7], Z. Lin va cs (2019) [9] déu chi ra ring, kich thudc ving
nhay ctia SiPM cang 16n gan véi kich thude bé mit ghép ndi
ctia tinh thé nhap nhay thi dau do cang cho d6 phan giai t6t
hon. Do d6 nén chon kich thudc viung nhay cta SiPM tuong
duong v6i kich thudce bé mit tinh thé ghép ndi véi SiPM la
25x25 mm.

Hién nay céac hang di phat trién cac mang SiPM c6 kich
thudc dén 25x25 mm nhu S14161-6050HS-04, S14161-
3050HS-08, S13361-6050AE-04, S13361-3050AE-08 cua
Hang Hamamatsu va ArrayC-60035-64P-PCB, Arrayl-
60035-64P-PCB, ArrayJ-30035-64P-PCB, ArrayJ-30020-
64P-PCB cua Hang SensL. Véi chu y la kich thudc
microcell ctia SiPM cang 16n thi hé s6 lap diy cang ting va
do d6 hiéu suat ghi nhan photon cang ting 1én, do d6 mang
SiPM S13361-3050AE-08 cia Hang Hamamatsu da duoc
lya chon su dung voi cAu tric va cac thong sb ky thuat cu
thé nhu ¢ hinh 3 va bang 2 duéi day.
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Hinh 3. CAu tao mét trwéc va sau cia SiPM S13361-3050AE-08 [5].
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Bang 2. Bang théng s6 cia mang SiPM S13361-3050AE-08 [5].

Dic tinh Théng sb Pon vi
Kich thuéc mang SiPM 8x8 Kénh
Kich thuéc mot kénh 3x3 mm
Kich thudc microcell 50 pm
Dai budc song ghi nhan () 320+900 nm
Budc song nhay dinh (kp) 450 nm
Hiéu suit ghi nhan photon (PDE) 40 %

Do khuéch dai (M) 1,7x106 =
Di¢n ap danh thung (V,) 5345 v
Dién ap hoat dong (Vop) v, 13 \Y

Hé s6 bu nhiét cua dién ap hoat dong 54 mV/°C

Thiét ké hé dién tie va cdu hinh thwc nghiém

Do khuéch dai ndi cua SiPM phu thudc vao nhiét do
moi truong hoat dong, do khuéch dai giam khi nhiét d§ moi
truong tang Ién va ngugc lai. Tuy nhién, d khuéch dai cua
SiPM ciing phu thudc vao dién ap ngudn nudi cho SiPM, do
khuéch dai nay tang khi dién 4p ngudn nudi tang va nguoc
lai. Dua vao dic trung nay, Hing Hamamatsu da ché tao b
ngudn nudi cho SiPM c6 kha ning diéu khién dién 4p du
ra cung cép cho SiPM theo dAu vao tin hiéu do nhiét 46 moi
truong 1am viéc cua SiPM, tir d6 co thé 6n dinh bién do
xung dau ra cua SiPM khi nhiét d6 méi truong hoat dong
thay ddi. Tin hiéu do duoc tir cam bién nhiét do moi truong
s& dugce dua vé mot bo vi xir 1y trong bd nguén nuoi, thong
qua ham phu thudc va cac thong sb cai dat, vi xir Iy s& tinh
toan cho ra mot gia tri dién ap phu hop theo cong thurc sau:

Vop=Vb +AT x (T - Tb)

trong d6: Vop la dién &p cung cap cho SiPM & nhiét d6 moi
truong T; Vb 1a dién ap cung cp cho SiPM & nhiét d6 moi
truong chudn Tb; AT 13 hé sé bu nhiét; T 14 nhiét do thoi
diém do; Tb 1a nhiét d6 ban dau.
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Hinh 4. So’ d6 ghép n6i mang SiPM vé&i hé mach dién tir cla
dau do.
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HEé dién tur gém bo nguén nudi SiPM C11204 ctia Hang
Hamamatsu, cam bién nhiét do, mach tién khuéch dai,
cung véi tinh thé nhap nhay CsI(TI) hinh hop chir nhat kich
thude 50x25x25 mm sir dung bé mat 25x25 mm ghép ndi
v6oi mang SiPM S13361-3050AE-08 kich thudc 25x25 mm
cua Hang Hamamatsu; duogc thiét ké dat trong mot vé hdp
nhom kin dé bao vé tinh thé va chéng nhiéu cho hé dién tur
déu do (hinh 5).
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Hinh 5. Hinh anh tinh thé, SiPM, hé mach dién ti va dau do
hoan thién.

Dé khao sat va danh gia cac dic trung ciia dau do nay,
so dd hé théng thyc nghiém duogc thiét ké bao gém: bd
tao nguén mdt chiéu BK Precision model 1761 dé cung
cip ngudn nudi 5 V cho hé dién tr dau do; hé thiét bi
phén tich phé gamma da kénh ctia Hang Ortec cing v&i
phan mém phan tich phdé Gamma Vision; dao dong ky sb
TDS3052C ctia Hang Tektronix; budng 6n dinh nhiét do
dé tao moi truong thir nghiém dau do; ngudn phong xa
chuin ¥’Cs. (hinh 6).

DAD DONG KY 50
TDS3052¢

7N\ |A| BAUDO Csl(T]) + SiPM
| +§il a Yy A
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\ \‘/Qh |_»/| NUOI VA CAM BIEN NHIET GAMMAVISION
PHONG XA BUONG ON NHIET
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BKPREC. 1761

Hinh 6. So d6 bé tri thwc nghiém khao sat cac dic trwng cua
dau do.
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Két qua va ban luan
Khao sdat dang xung 16i ra va nang lugng tiéu thu

Str dung bd tao nguén mét chiéu BK Precision model
1761 dé cap ngudn nudi 5 V cho dau do va quan sat thiy
dong dién tiéu thu 1a 25 mA. Day la gia tri hop 1y bdi bd
ngudén C11204 theo tai liéu ctia hing tidu thy cd 20 mA,
cong thém vai dong tiéu thu ciia mach tién khuée dai va cua
cam bién nhiét do.

St dung dao dong ky s6 Tektronix TDS3052C quan sat
tin hiéu dau ra cua tién khuéch dai cho thdy mot xung dwong
tin hiéu, v6i suon 1én cua xung vao khoang 6 va suon xudng
¢ 90 ps nhur trén hinh 7. Suon xudng cia tin hiéu xung nay
hoan toan phit hop v6i hing s6 thoi gian cua tién khuéch dai
da thiét ké 1a 90 ps, va véi thoi gian phan rd ciia chop sang
phét ra tir tinh thé nhip nhay CsI(TI) 1a 1 us thi suon 1én cta
tin hiéu xung khoang 6 ps ciing 1a hop 1y dé toan bo dién
tich do cac photon tao ra dugc nap Ién tu phan hdi Cf.

Hinh 7. Tin hiéu xung ra va dong dién tiéu thu ctia dau do.

Danh gia dp phdn gidi nang lugng

Mot hé thiét bi phan tich phé gamma da kénh cua Hang
Ortec va phin mém phan tich phé Gamma Vision da duoc
Iya chon su dung dé khao sat do phan giai nang luong ddi
v6i ngudn ¥Cs & dinh 662 keV cua dau do nay va dau do
nhip nhay Nal(TI) kich thuéc 76x76 mm sir dung PMT ciia

Hang Canberra dé so sanh.

Diéu chinh hé s6 khuéch dai ph6 dé c6 thé ghi nhan duoc
dinh phd ning lugng ngudn '¥’Cs tir 2 diu do nay xuét hién
0 cung mot vi tri kénh dé tién so sanh nhu & hinh 8 va 9. Céc
gid tri do phan giai nang luong véi dinh 662 keV cua dau do
CsI(T1)+SiPM trong nghién ctru nay va dau do Nal+PMT
ctia Hang Canberra twong mg 12 8,03 va 7,87%. Két qua nay

M



cho thdy, d6 phan giai cua dau do sir dung 50x25x25 mm
tinh thé CsI(TI)+SiPM gan nhu twong dwong véi do phan
giai cua dau do str dung 76x76 mm tinh thé Nal(T1)+PMT.

Hinh 8. Thwc nghiém danh gia dé6 phan giai nang lwong cua
dau do Csl+SiPM.

X

Hinh 9. Thwc nghiém danh gia dé6 phan giai nang lwong cua
dau do Nal+PMT.

Ddnh gid dj on dinh theo thoi gian

Thuc nghiém nay dugc thuc hién véi so dd bd tri thi
nghiém nhu ¢ hinh 6, theo d6 nhiét 6 moéi truong hoat dong
ctia dau do dugc duy tri 6n dinh & 30°C trong sudt thoi gian
khao sat. Thoi gian lay s6 liéu thyc nghiém 14 6 gio voi thoi
gian 20 phut ghi nhan mot phd ning lugng ngudn '¥'Cs, dé
danh gia ¢ 6n dinh ctia vi tri dinh phd va d6 phan giai ning
luong ddi voi dinh 662 keV.

Két qua khao sat & hinh 10 cho thdy, vi tri dinh ning
luong 662 keV ciia ngudn '¥'Cs thay doi tir kénh 643 dén
kénh 650 (khoang 1,2%), con dd phan gidi nang lugng cia
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Hinh 10. D6 6n dinh cta vi tri dinh va do phan giai theo th&i gian.
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dinh 662 keV thay doi tir 7,89 dén 8,08% (khoang 2,4%).
Nhu vay, vé co ban khi nhiét d6 moi truong hoat dong cua
dau do nay khong thay dbi thi vi tri dinh phd ning luong
va d6 phan giai nang lugng dbi voi mot ngudn phong xa la
khong thay doi theo thoi gian hoat dong cuia dau do.

Danh gia do éon dinh theo nhiét dp moi truong

Do khuéch dai cua SiPM thay d6i nhiéu theo nhiét do
moi trudng hoat dong, dé dénh gia sy thay doi nay, so do
thi nghiém ¢ hinh 6 duoc st dung vdi viéc cai dat va duy tri
nhié¢t d§ mdi truong hoat dong cua dau do thong qua thiét bi
budng 6n nhiét. Lay s6 liéu khao sat trong 2 trudng hop khi
khong ¢ va ¢ su diéu chinh cua chirc nang 6n dinh bién
d6 xung ra theo nhiét do trong bd ngudn nudi SiPM C11204
cho két qua nhu ¢ hinh 11. Trudng hop chua ¢6 bd on dinh
bién do xung ra, thuc nghiém nay khong léiy duoc sb liéu vi
tri dinh ¢ nhiét @6 dudi 11°C, bdi vi dudi nhiét dd nay thi
bién d6 xung ra tu dau do 16n vuot qué dai do da dugc dinh
trudce ctia hé phan tich da kénh (gia tri dinh *’Cs ¢ vi tri lon
hon kénh 2000 cua hé phan tich).

——Da 6 dndinh bién dd xung ra —#- Chwa c6 6n dinh bién d6 xung ra

Vi tri dinh (kénh)

0 5 10 15 20 25 30 35 40 45 50 55
Nhiét d (°C)

Hinh 11. P6 thj sw phu thudc cua vi tri dinh theo nhiét d6 moi
trwong.

Két qua nay cho thay, khi khong co su diéu chinh ciia
chuc nang 6n dinh bién do xung ra theo nhiét do trong bd
ngudn nudi SiPM thi vi tri kénh cta dinh '¥’Cs thay doi tir
kénh 108 dén kénh 1870 (bang 1762 kénh) trong khoang
nhiét d6 thay dbi tir 11 dén 50°C. Con khi c6 su didu chinh
ctia chirc nang 6n dinh bién d6 xung ra trong bd ngudn nudi
SiPM thi vi tri kénh ctia dinh '¥’Cs thay d6i tir kénh 252 dén
kénh 480 (bang 228 kénh) trong khoang nhiét do thay déi tir
4,3 dén 50°C va bang 167 kénh trong khoang nhiét do thay
ddi tir 11 dén 50°C.
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Nhu vay, véi phuong phap bu nhiét hién tai trong chirc
nang cta bd ngudn nudi nay thi su thay ddi cua vi tri dinh
137Cs da giam tir 1762 xudng 167 kénh trong khoang nhiét
d6 thay d6i tir 11 dén 50°C (bang 4,3 kénh/°C). Vi két qua
nay thi bién d6 xung ra tir dau do nay van con thay doi theo
nhié¢t A moi truong hoat dong, nguyén nhan duoc ly giai la
do gi4 tri thong s6 nha san xudt dua ra chi dung khi SiPM
hoat dong riéng 1¢, khong ghép ndi véi tinh thé. i vai dau
do nay 1a su ghép ndi cua SiPM véi tinh thé CsI(TI), ngoai
thay d6i theo nhiét do cta SiPM, con c6 dong gop su thay
d6i theo nhiét d6 cua tinh thé. Do d6, dé co thé sir dung t6t
dau do nay trong diéu kién mai trudng thi thong sé vé hé sd
bu nhiét ciia dau do can phai khao sat, xac dinh lai va c6 thé
phai két hop thém véi phuong phap 6n dinh phd khac nira,
chiang han nhu phuong phép diéu chinh hé s khuéch dai s6
trong mach khuéch dai phd.

e ~
Két luan

Nghién ciru da thiét ké ché tao dugc mot dau do nhap
nhay nho gon va it tiéu thu niang lugng, bang cach sir dung
tinh thé CsI(T1) ghép nbi v6i mang nhan quang silicon
SiPM. Qua danh gia mot s6 dic trung ciia diu do nay cho
thdy do phan giai nang lugng d6i véi dinh '¥’Cs cua dau do
nay gn nhu twong duong véi d6 phan giai ciia du do nhip
nhay NalI(T1) kich thudc 76x76 mm ghép ndi véi PMT ciia
Hang Canberra. Khi nhiét d6 méi truong hoat dong khong
thay doi thi vi tri dinh phd va do phéan giai nang lugng dbi
v6i ngudn phong xa '’Cs 1a hau nhu khong thay ddi theo
thoi gian hoat dong. Truong hop nhi¢t d6 mdi truong hoat
dong thay doi thi vi tri dinh phd ngudn *’Cs thay ddi rat 16m,
ngay ca khi c6 sy diéu chinh ctia chirc ning 6n dinh bién do
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xung ra theo nhiét d trong bo ngudn nudi SiPM thi van ¢
thay dbi 1a 4,3 kénh/°C. Do d6, diu do nay hién c6 thé dung
tt trong didu kién phong thi nghiém duy tri nhiét do on
dinh, tuy nhién dé c6 thé ung dung rong rii thay thé cho du
do nhap nhéy st dung dng nhan quang truyén théng PMT
thi vin dé hiéu chinh bién do xung ra theo sy bién dbi cua
nhiét d6 moi truong hoat dong cho dau do nay can tiép tuc
nghién ctru khdo sat va hoan thi¢n.
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