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Tom tit:

DPiu do nhip nhay la loai dau do cé hi¢u suit ghi cao, sir dung don gian, gidi quyét tét dwge muc tiéu cia nhiéu
nghién ctru, ing dung va dao tao. Vi thé viéc ndi dia héa qua trinh ché tao diu do sé mang lai nhiéu ich loi. Viéc sir
dung quang di 6t thac li thay cho 6ng nhian quang dién (PMT) cho phép tiét kiém nﬁng lwgng, rut gon thé tich diu
do va loai bé Kkhoi cao ap cong suét 16n. T6 hop chat nhap nhay CsI(Tl), quang di 6t thac lii, tién khuéch dai nhay
dién tlch hé thong khuéch dai dai rong va hé nguon nudi da dugc tich hgp trong dau do. Bai nghién ciru nay dua
ra mot s0 két qua moi trong viéc ché tao thir nghiém dau do nhap nhay sir dung quang di 6t thac lii. Cac dau do nay
¢6 thé dwoc sir dung trong cic tram quan trac moi trudng, cac hé trinh sat bire xa, cdc bénh vién va cic phong thi
nghiém hat nhén ciia cac truong dai hoc phuc vu dio tao va huin luyén sinh vién...

Tir khéa: detector nhap nhay, hé khuéch dai, quang di 6t thac lii, tién khuéch dai nhay dién tich.

Chi s6 phén logi: 2.3

Md dau

Cac hé trinh st birc xa cam tay va cac hé lap trén xe chi huy
tac chién cua quan doi rit can c6 cac dau do nhap nhay ghi do
gamma gon nhe, c6 hiéu suét ghi cao, bén v6i moi truong va
tiét kiém nang luong. Trong nhiéu truong hop, cac dau do nhap
nhay su dung 6ng nhén quang dién (PMT) da khong dugc sur
dung do doi hoi ¢6 khéi cao ap cong suat 16n, chit luong cao
va kich thudc hé do dung dng PMT 16n. V&i su phat trién cia
cong nghé vat lidu ban dan, viéc sir dung quang di 5t thac 1
thay thé cho PMT trong dau do nhip nhay ghi do gamma 1a mot
giai phap t6t nham dé c6 cac hé do. Xuat phat tir huéng di do,
cong viée ché tao dau do nhap nhay CsI(TI) ghép ndi véi quang
di 6t d3 duoc trién khai voi su hop tac ctia cac can bo khoa hoc
cta Truong Pai hoc Bach khoa Ha Noi; Vién Hoa hoc va Moéi
truong Quan sy va Vién Nghién ctru Hat nhan thudc Vién Nang
lugng Nguyén tir Viét Nam.

Thuc nghiém
Ghép tinh thé nhip nhdy va quang di ét thic lii

Trén thé gioi da c6 mot s6 nghién ctru thay thé dng PMT
va thir nghiém véi mot s6 loai nhép nhay m&i ma tidu biéu la
¢ cdc cong bd [1-4]. Tinh thé nhap nhay CsI(TI) 1a mot trong
sé cacloai nhap nhay phu horp véi viée su dung hé bién doi
quang dién - cac quang di 0t thac 1ii dwoc ché tao tir Si [4]. Cu
thé, dai budc song cac photon duge CsI(T1) phat ra nhiéu nhat
chii yéu ndm ¢ viing c¢6 hiéu suat lugng tir cao nhét cia quang
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Hinh 1. Hiéu suit lwgng tir ciia quang di 6t thac li $8664-55 [5].

di 6t. C6 nhiéu loai quang di 6t, nhung dé ghép véi tinh thé
nhép nhay thi chi c6 mot s6 loai c6 tde d6 nhanh dé hinh thanh
nhing xung dién ¢& ps, dién dung thap, dong do nho va it thay
d6i theo nhiét d 1a phu hop, vi du nhu cac loai quang di ot
$3590, S8664, S3204...[5]. Cac quang di Ot thuorng mai dung
trong dau do nhap nhay ¢6 hinh vudng véi tiét dién c& cm?, vi
vay céc tinh thé nhip nhay ciing dwoc chon lya ¢6 kich thuorc
va hinh dang tuong duong. Trong thyc nghiém cta bai bao nay,
nhom nghién ciru d sir dung tinh thé CsI(T1) kich thude 1x1x3
cm ghép véi quang di 6t S8664-55 voi kich thude 5x5 mm.
S8664-55 thudc loai quang di 6t thac I, co hiéu sudt luong
ta phu thudc budc song anh sang toi (hinh 1). Cac photon do
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Abstract:

Localization of the scintillation detectors manufacturing
process has many benefits because of the high detection
efficiency of the detectors, user-friendly, and consistent
with general research objectives. Using a photodiode
instead of a photomultiplier tube (PMT) allows saving
energy, shortening the detector volume, and removing
high voltage power supply and amplifier. The combination
of CsI(TI) scintillator, avalanche photodiode, charge
sensitive preamplifier, wide range amplifier, and power
supply system has been integrated into the detector. This
study presents new results in manufacturing a home-
made scintillation detector using avalanche photodiode.
The detectors of this type can be used in hospitals, in
the nuclear laboratory of universities for the students
training, etc.

Keywords: amplifier module (system), avalanche
photodiode, charge sensitive preamplifier, scintillation
detector.

Classification number: 2.3

CsI(TI) phat ra c6 budc song chu yéu ndm & dai 430 dén 730
nm va trung véi vung hi¢u suét luong tir dat gia tri trén 70%
cua S8664-55.

C6 nhiéu loai keo din quang dé ghép tinh thé nhap nhay
voi quang di 6t. Dé vira ddn quang tot, vira gin chat quang di
6t v6i tinh thé nhap nhay, nhom nghién ciru da sir dung loai keo
dan quang OE-6662 gom 2 thanh phan chat dan quang v chat
hoa rén, tron theo ty 1& 10:1. Sau khi ghép xong, dat cum tinh
thé quang di 6t thac 1d vao budng 4m, sdy trong 24 gid dé keo
dan quang héa ran. Cum tinh thé nhap nhéy - quang di 6t thac
lii duoc dit gn sat tién khuéch dai dé giam dién dung ky sinh
trén mach vao cua tién khuéch dai.

TAP CHI

HOA HOC |/,
ONG NGHE I} Nam 63(3) 3.2021

Khoa hoc Ky thuat va Céng nghé n—

H¢ thong nguén nudi va mach dién

H¢ théng nguén nudi, mach dién trong dau do dugc thé
hién ¢ hinh 2. Céc dién ap cung cip cho quang di 6t, mach tién
khuéch dai va khdi khuéeh dai so bd duge tao ra tir cac mach tao
dién 4p va on dinh doc lap dé tranh anh huong 1an nhau. Pién
ap cung cép cho cac mach bién doi dién ap néu trén 1a £12 V.

CsI(Ti)
I . Kh&i khu&ch
I Quang di &t I— Tign khuéch dai | )
.
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Hinh 2. So' dd khéi ciia diu do.

Dién ap +5 V dugc tao nén tir +12 V bang LM7805. Nguon
5V cung cp ning lugng dé tao nén dién ap 380 V nho linh
kién t6 hop C10940-53 do Hing Hamamatsu san xuat. Dién tro
bias nbi véi quang di 6t co gia tri 200 MQ - nhu vdy cong suit
tiéu thu cua mach chi vao khoang 2 mW, dong ti€u thu nhé hon
10 nA. Tién khuéch dai duoc st dung 1a CR110-R2 cua Hang
Cremat. Tién khuéch dai duoc ghép véi quang di 6t thac 1 theo
kiéu ghép AC dé dam bao toc d6 dém xung cao [6] va loai trir
anh huong ciia dong do. Khdi khuéch dai so bo 1a hé khuéch
dai dai rong dé bao toan dang xung va quy chuan tin hiéu ra tir
dau do dat bién do 200 mV khi tia gamma c6 ning lugng 662
keV bi hap thy hoan toan ¢ nhip nhay CsI(T1). Hé thong quy
chuan nay 1a can thiét nham ghép nbi dau do vé6i cac hé phan
tich bién d6 xung st dung k¥ thuat xtr Iy s6. ADC 1dy mau trong
hé xir Iy s6 c6 dai bién d6 0+1 V twong tng dai do 0+3 MeV.

Toan bd hé nhdp nhay, quang di 0t thac 1ii va hé dién tir
duoc dat trong vo nhom, nham chéng nhiéu dién tir tac dong
dén dang va bién d9 xung ra (hinh 3). Pau do duge ché tao voi
hai ngan, ngan thir nhat gdm tinh thé nhp nhay, quang di 6t
thac 1t va mach gn tién khuéch dai; ngan thit 2 chira hé nguon
nuodi, tao cao ap va hé khuéch dai so bo - kiéu thiét ké nay
cho phép giam anh hudng ciia hé thng dién tir téi mach tién
khuéch dai. Bé tang do bén va do cach dién, vo dau do duoc
anot hoa, cach xi Iy nhu vay cho phép vo dau do chiu dugc hoa
chét, nudce bién ma khong tén hao hay co déu hiéu hong hoc,
suy giam chét luong.

Hinh 3. Hinh anh diu do dwgc ché tao.
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Cac dac trung cia dau do

Hé théng thuc nghiém xac dinh cac dac trung cua dau do
duoc dua ra ¢ hinh 4.
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Hinh 4. So' db thuc nghiém xic dinh cac dic trung cia diu do.

Dang xung ¢ 16i ra: sit dung dao dong ky Gwinstek model
GDS-3352 dé thu dang xung 16i ra ciia dau do (kénh CHI).
Tién khuéch dai CR110-R2 ¢6 hang s6 thoi gian C.R, =140 ps,
v6i C,va R, 1a dién dung cta tu phan hdi va dién tr& phan hoi
cua tién khuéch dai. Mt ting cua xung ra bang [6] trong trudng
hop xung dién tich di vao tién khuéch dai c6 mat ting c& vai
chuc ns. Trong trudng hop ghép véi tinh thé CsI(T1), thoi hing
cta chop sang 1a ¢& 1 ps va phai hét khoang 5 lan thoi hing
thi m&i co thé coi 1a toan bd cac dién tich do cac photon tao ra
dugc nap lén tu C.. Vi vy, mit tang xung ra cua dau do vao
khoang 5 ps, con mit giam c¢6 thoi hing c& 140 ps nhu & hinh 5.
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Hinh 5. Dang xung ra ciia dau do (sau khdi khuéch dai so bo).

D6 phdn gidi ning lwong: phd tia gamma thu duoc thé hién
& hinh 6A va 6B, do voi nguén B7Cs va %Co. Cac gia tri do
phén gidi ndng luong véi cac dinh 661,7; 1173,2 va 1332,5 keV
tuong ting 12 9,81; 6,81 va 6,08%. Viéc so sanh vdi cac két qua
clia Martin Gascon [7] (tinh thé CsI(TI) 1x1x1 cm? boc teflon
+ 14 nhom; quang di 6t S8664-1010; tién khuéch dai TH 142
ORTEC) cho thiy d6 phan giai ning lugng ¢ [7] 1a 4,42%, tot
hon han so véi cong bd nay. Didu do co thé 1y giai 1a do viéc
boc teflon va 14 nhom cong véi st dung S8664-1010 da han ché
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mat photon do CsI(TI) phat ra khi lugng tir gamma tuong tic
v6i nhap nhay; tién khuéch dai TH 142 ORTEC c6 hé s6 khuéch
dai vong hd >40000 1an [8], con ciia CR-110 chi 1a 3000 1an.
Su khéc biét vé hé s khuéch dai nay dan dén tiéng on ENC cua
tién khuéch dai ORTEC nho hon nén do phan giai ciia hé tot
hon. Tuy nhién, sy gon nhe ciia CR-110 lai dan dén kha ndng
str dung ché tao dau do gamma cao hon va trong thuc té, két
qua ciia cong bd nay 1a v6i ddu do nhép nhdy sir dung quang
di 6t thac 18 thay cho dng PMT di ché tao dugc. PO phan giai
ning lugng ciia dau do hién tai twong dwong nhu cua dau do
nhép nhay gin éng PMT. Nhimg ghép ni cac khdi nhu trong
[7] déto hop thanh mot déu do birc xa con can c6 mot giai doan
khé dai dé t6i wu cac van dé vat ly, dién tir. .
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Hinh 6. Phd ¥'Cs (A) va phé “Co (B).

Hiéu sudt ghi ngi toan phan va hiéu sudt ghi ngi quang
dién: viéc do dac thuc nghiém hiéu suat ghi dugc thyc hién
theo hé thong thuc nghiém (hinh 4) v6i bd ngudn chudn do
IAEA cung cap, khoang cach ngudn - dau do 1a 20 cm va ¢
so sanh voi két qua tinh toan md phong hiéu sudt ghi theo cac
thong sb thiét ké ciia dau do. Hiéu suat ghi ndi toan phan dugc
xac dinh bang ty sb xung ghi nhan dwoc va sb luong tr t6i bé
mat detector theo cong thire 1 [9]:

)

trong do ¢, la hi¢u suit ghi noi toan phan, N la s6 xung ghi
nhan dugc, N, 1a s0 lugng tr gamma di dén bé mdt dau do.

Hiéu suét ghi ni quang dién dugc xac dinh bang ty s xung
ghi nhén tai dinh nang lu’ong hap thy toan phan va s luong tir
gamma di t6i bé mat dau do theo cong thirc 2 [4]:

N,

‘photopeak
e )
trong do, ¢, s 1a hiéu suat ghi noi quang dién, N ohotgpeak la dién

tich dinh nang luong hap thu toan phan, N, 14 s0 luong t
gamma di téi bé mat dau do. Két qua duoc the hi¢n ¢ bang 1
va hinh 7.
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Bang 1. CAc gia tri thwe nghiém ciia hiéu suét ghi ndi toan phin, hiéu
suét ghi ndi quang dién.

Detector CsI(Tl)
Pong vi Nang lwong 97 A 9 a0 94 A A
gVl phit (keV) Hiéu suat ghi ngi Hiéu sudt ghi ngi
toan phan (%) quang dién (%)
Am-241 59,5 74,8+3,0 72,34+6,5
Ba-133 356,0 73,9+£5,2 51,4+2,6
244,7 85,8+4,3 76,2+3,8
Eu-152
3443 75,0+3,8 53,7£1,6
Cs-137 661,6 58,3£3,5 20,8+1,6
1173,2 47,9443 9,4+0,3
Co-60
1332,5 45,9+3,2 7,9£0,6
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Hinh 7. Hi¢u suit ghi ndi toan phin va hi¢u suit ghi ndi quang dién
ciia diu do.

D6 on dinh: mic dd 6n dinh cia hé sd chuyén dbi nang
lugng tia birc xa sang vi tri kénh ctia dinh hip thy quang dién
duoc danh gia bang sy thay doi cta vi tri dinh theo thoi gian
do. Nham danh gia do on dinh.phé dau do dugc ché tao néu
trén, thuc nghiém khao sat do on dinh ph6 theo thoi gian dai
da duogc thyc hién. Thoi gian thu nghiém la 10 gio, budc chia
15 phut/phé dé danh gia s 6n dinh cua vi tri dinh phd '¥’Cs va
d6 phan giai nang luong. Do theo diéu kién moi truong, véi
nhiét d¢ bién thién tir 25°C ltc 8200 sang va dat cyc dai 35°C
lac 13g00. Két qua khao sat sw on dinh phd cua dau do CsI(T)
dugc thé hién ¢ hinh 8.
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Hinh 8. Khio st sy 6n dinh phd ciia detector CsI(TI) theo thoi gian.
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C6 thé thiy do phan giai nang lugng khong thay doi nhiéu
theo thoi gian do, con vi tri dinh thay doi tir kénh 335 dén 310
(25 kénh, c& 8%). Ciing c6 thé do & khoang giira thoi gian thyc
nghiém, nhiét ¢ moi truong d tang 1én nén hé sb khuéch dai
cua S8664-55 da giam di va 8% d6 1a do anh hudng cia nhiét
dd moi truong toi dau do. Nhu vay, viéc khao sat nay s¢ can
duoc thue hién lai v6i dam bao chic chin khong co su thay d6i
cta nhiét do moi truong.

Ning leong tiéu thu: ngudn nudi cho dau do 1a £12 V,
cuong do dong dién 1a 49 va 26 mA twong tmg. Nhu vay, tong
cong sudt tidu thu ciia dau do 1a 900 mW.

Két luan

Nghién ctru nay duoc tién hanh gin twong tw nhu céc
nghién ctru [1-3]. Céc s6 lidu két qua cho thdy nghién ctru nay
da dat dugc nhimg két qua tich cuc, do phan giai detector co
thé so véi gia tri ~6,4% & 1,17 MeV va 5,5% 6 1,33 MeV trong
nghién ciru [3], néu tiép tuc cai thién c6 thé mang lai kha nang
thuong mai hoa cac dau do nhap nhay sir dung quang di 6t thac
li. C6 thé danh gia day la mot thanh cong cua viéc ndi dia hoa
trang thiét bi ghi do birc xa hat nhan cta Viét Nam. Cac thi
nghiém voi tién khuéch dai co do nhay cao hon s€¢ dugc thuc
hién trong thoi gian t6i dé nang cao do phéan giai nang luong va
ha thap ngudng do dudi cua dau do.

Céc tac gia tran trong cam on Truong Pai hoc Bach khoa
Ha Noi da tai trg cho nghién clru nay thong qua dé tai T2018-
PC-124.
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