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TOM TAT

Tir 2010, ching t6i dd va dang phdt trién cdc
hé thong xir Iy Trigger, hé thong thu thdp diF liéu
DAQ (Data Acquisition) s dung cong nghé ldp
trinh nhing FPGA (Field-Programmable Gate
Array) cho cac hé do ghi nhdn birc xa hat nhan.
Chiing téi da phat trién cdc hé do nhw hé do ghi
nhdn birc xg vii tru, hé do quan trdc phong xa
méi trwong khi, ciing nhw phat trién cdc thiét bj
dién twr hat nhian nhw bo phdn tich phé
MCA(Flash-ADC/FPGA), bé phat xung chuan,
bé dém xung. Trong bai bdo nay, chling toi phét

trién hai thi nghiém nghién ciru vé ghi nhdn birc
xa moi truong khi. Thi nghiém ghi nhdn birc xa
Vil tru sit dung detector nhdp nhdy Nal(Tl) 7,6x76
cm va thi nghiém quan trdc sudt liéu phéng xa
moi truong theo thoi gian sw dung detector khi
Geiger—Miiller. Dé thiét ldp cdc thi nghiém nay,
cac hé thong xir Iy trigger dwoc phat trién dua
vao cong nghé nhiing FPGA. Viéc thiét lgp cdc
thi nghiém va déanh gia két qua do dwoc sé dige
trinh bay chi tiét trong bai bdo.

Tir khoa: FPGA, LabVIEW, birc xa vii tru, quan tric phong xa, Nal(TI)

MO PAU

Tai mot sb phong thi nghiém (PTN) hat nhan
trén thé gioi, cong nghé lap trinh nhing phan
FPGA (Field-Programmable Gate Array) da va
dang duoc st dung ngay cang phé bién trong viéc
phét trién cac hé thong xtr Iy trigger, hé théng xir
ly tin hiéu DAQ (Data Acquisition) dung trong
viéc thiét 1ap céc hé do ghi nhan biic xa hat nhan.
O d6, hé théng trigger 1a hé théng “danh diu”
hay “kich hoat” bic xa mudn ghi nhan, va hé
thong DAQ la hé théng ghi nhan gia tri ning
lugng buc xa va luu trlr dir liéu. Do cbng nghé
nhing FPGA c6 nhiing wu diém nhu toc d¢ xur ly
nhanh, lap trinh duoc, tiéu thy dién ning thap,
nhé gon va tinh én dinh cao. Tir 2010, véi sy hop
tdc khoa hoc véi nhém gido su Masaharu
Nomachi, thudc treong dai hoc Osaka Nhat Ban,
b6 mén Vat ly hat nhan, trudng dai hoc Khoa hoc

Ty nhién, PHQG-HCM di va dang phat trién cac
hé théng trigger va DAQ sur dung cong nghé
nhiing FPGA dé thiét 1ap cac hé do ghi nhan buc
xa hat nhan. Cuy thé, cac hé do phat trién bao gom
hé do ghi nhin buc xa v tru [1], hé phan biét
xung tin hiéu trong vat liéu dan sang va vat liéu
nhap nhay cua detector nhap nhay plastic khi ghi
nhan bac xa vii tru [2], hé do ddi tring phing
triét btrc xa vii tru trén detector gamma HPGe [3],
hé do quan tric phéng xa méi trudng khi [4], hé
do dap ung phéd cua bic xa vil tru trén hé phd ké
gamma HPGe trong ving ning lugng 1én dén 70
MeV [5], ciing nhu phat trién cac thiét bi dién tu
hat nhén vai bd phéan tich phé MCA(Flash-
ADC/FPGA) [6], bo phat xung, b dém xung,
v.v. Hon nita ching t6i c6 hop tac véi KEK (t6
chic nghién ceu méay gia toc ning lwong cao,
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Nhat Ban) trong viéc phat trién hé thong DAQ
cho nhiéu detector. Trong bai b4o nay, ching toi
trinh bay cé&c hé do ghi nhan bac xa c6 trong moi
truong ty nhién. Cu thé, xay dung hai thi nghiém
(1) thi nghiém do dap ung phd cua buc xa vii tru
trén detector nhap nhay Nal(TI) c6 dang hinh try,
kich thudc 7,6x7,6 cm va (2) thi nghiém do quan
tric phong xa trong moéi truong khi s dung
detector Geiger—Miiller. O thi nghiém do bic xa
v try trén detector Nal(TI), Hinh 1, sir dung hai
detector nhip nhay plastic kich thuéc I6n dé danh
dau buc xa vii tru. Hé thdng xur ly trigger dua vao
cac module Gate/delay va module trung phung
(Coin), Hinh 2. Ving nidng luong khao sat cho thi
nghiém trén Nal(TI) Ia tir 0,3 dén ~70 MeV. O thi
nghiém xay dung hé do quan tric phéng xa moi
truong khi nhu trinh bay ¢ Hinh 3; ddi véi thiét
ké bo giao tiép dién tir, Hinh 4, xay dyng cac
module nhu trigger, tich lity s6 dém, va truyén di
liéu 1én may tinh thdng qua Wifi. Viéc xay dung
hé thong xu ly trigger cho thi nghiém (1) va bo
giao tiép dién tur cho thi nghiém (2), st dung
cdng nghé nhing FPGA.

VAT LIEU VA PHUONG PHAP

Thi nghi¢m do dap ng phé ciia bire xa vii tru
trén detector nhap nhay Nal(TI)

Detector Nal(T1) 1a dang detector nhap nhay
duoc sur dung trong viéc ghi nhan phé gamma c6
nhiéu &ng dung trong phan tich xac dinh dong vi
phong xa ciing nhu hoat d6. Trong thi nghiém
nay, ching toi thuc hién nghién ctu ghi nhan
thanh phan burc xa vil tru 18n detector Nal(TI), cu
thé 1a nghién ciru dang dap tng phd cua buc xa
vil tru |én detector Nal(Tl). Detector Nal(TI) sir
dung cé dang hinh try, kich thuéc 7,6x7,6 cm,
loai 802 3x3 cua hdng Canberra [7]. Day la loai

duogc sir dung khé phd bién trong cac PTN hat
nhan. Hinh 1 trinh bay so d6 khéi vé thiét lap thi
nghiém. Dé danh diu bic xa vii tru tic dong Ién
detector Nal(TI), sir dung hai detector nhap nhay
plastic (kich thudc 40x80x3 cm day), duoc dat
song song phia trén budng chi. O d6, detector
Nal(T1) duogc dat trong budng chi. Su kién buc xa
vil tru s& duoc ghi nhan khi ¢é trung phung gitra
ba detector (hai detector nhap nhay plastic va
detector Nal(T1)). Dé trigger ghi nhan su kién
nay, mot hé thong trigger duoc xay dung (khung
gach nét trong hinh 1). Hé thong trigger duoc
thiét ké bao gdom cac module Gate/delay va céc
modulde tring phung (Coin.1 va Coin.2). Tin
hiéu trigger 16i ra duoc dwa vao External Trigger
cua bo phan tich d6 cao xung PHA (Pulse Height
Anasysis) dé ghi nhan xung tin hiéu tir detector
Nal(TI). Cac module Gate/delay va module Coin
v6i nguyén ly thiét ké trong FPGA duoc trinh
bay nhu Hinh 2A va 2B tuong Gng.

Dbi voi module Gate/delay, tin hiéu c6 thé
dugc mo rong va delay thdng qua cac tham sb
dua vao Width va Delay. Bi véi module Coin,
toan tr AND duogc su dung cho céac input. Cac
module nay, dugc diéu khién véi xung clock 250
MHz véi d6 chinh xac vé& mit thoi gian 12 4 ns.

Hé thdng trigger nay duoc phat trién dva vao
cbng nghé nhung FPGA, théng qua mét chuong
trinh nhung VHDL dugc xay dung va nhdng vao
module phan ctiing FPGA (chip Altera) [8]. Thiét
bi phan ciing FPGA (thiét bi nhu trong Hinh 1) 1a
chuong trinh hop tac tai trg khoa hoc gitra giao
su Masaharu Nomachi, Truong Pai hoc Osaka,
Nhat Ban vgi Bo mén Vat ly Hat nhan, Truong
Pai hoc Khoa hoc Ty nhién, PHQG-HCM.
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Hinh 2. So db khéi ciia module Gate/delay (A) va module Coin (B) dwoc phat trién boi nhing FPGA

Xiy dung h¢ do quan tric phéng xa méi truong theo thoi gian

Hé do quan tric phong xa méi truong khi
duoc thiét ké nhu so d6 khéi Hinh 3. Hé do bao
gdm céc thiét bi: (1) detector khi Geiger—Miiller,
(2) bo giao tiép dién tir FPGA va (3) giao tiép
may tinh LabVIEW. Khi bac xa dugc ghi nhan
boi detector khi Geiger—Muiller, xung tin hiéu ra
tir detector, cd dang xung logic véi d réng xung
~100 ps, dugc két ndi vai 16i vao cua bo giao tiép

dién tir FPGA. B¢ giao tiép nay s& xir ly trigger
canh I&n/canh xudng xung tin hiéu va ma héa/tich
lity thanh sé dém, luu vao bd nhg, tinh toan sé
dém, téc 6 d¢ém (CPS, CPM). Dit liéu s6 dém sé&
dugc truyén dén may tinh thong qua duong
truyén khong day Wifi.

Dé xay dung bo giao tiép dién tr FPGA, mot
chuong trinh nhing VHDL cho chip FPGA da
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dugc d& nghi. So dd khéi firmware dugc trinh  truyén dit liéu 1én may tinh thong qua khéi Wifi.
bay nhu trong Hinh 4. Cau trdc cua chuong trinh B diéu khién, voi cac thong sé input nhap tir
nhing dugc thiét ké bao gom cac khéi: khoi may tinh, cho phép cai dat cac théng s6 nhu reset,
trigger, khdi mé héa thanh sé dém, khdi bo nhé,  tong thoi gian do, tbe do do, khoang thoi gian
khbi diéu khién va khéi Wifi. Khi xung tin higu  truyén dir liéu. Phan cuang sir dung dé xay dung
tir detector khi di vao khdi trigger, tin hi¢u s&  bo giao tiép dién tir Ia thiét bi NI -MyRIO, voi
dugc ghi nhan va ma héa thanh s6 d¢ém. Dix lisgu  chip Xilinx [9].

s6 dém duogc ghi trong khéi bo nhé va sau do

2 7
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Hinh 5. Giao dién may tinh LabVIEW dugc thiét ké cho hé do quan tric phong xa méi truong
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Dé diéu khién va ghi nhan sé liéu tir bo giao
tiép dién tir FPGA dén may tinh, giao dién giao
tiép may tinh LabVIEW dugc xay dung. Hinh 5
la giao dién giao tiép LabVIEW giira thiét bi giao
tiép dién tir FPGA véi may tinh dugc thiét ké trén
nén LabVIEW™ [10]. Giao dién nay c6 chic
nang diéu khién thiét bi dién tir nhu cai dat thoi
gian do, khoang thoi gian ldy mau, ciing nhu ghi
nhan dit liéu (s6 dém) theo mdi khoang thoi gian,
dix liéu (sb dém, CPM, CPS, uSv/h) duoc hién thi
dudi dang d6 thi va c6 thé luu lai dudi dang
ASCIL.

KET QUA

Két qua thi nghiém do dap vng phd ciia birc
xa vii tru l1én detector Nal(T1)

Puong mau do trong Hinh 6 12 két qua dang
dap tng phd cua buc xa vii tru ghi nhan bai
detector Nal(TI). Vi tri detector Nal(T1) duoc dat
cach detector nhap nhay 2 la d=20 cm. Ving
nang luong khao sat dwoc thiét lap tir 0,3 dén ~70
MeV. Két qua cho thy, burc xa vii tru c6 thé tac
dong dén detector Nal(TI) véi kich thuéc day 7,6
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0,3 dén ~70 MeV, va trén phd nhan thay cé 2
vung dinh ndng lugng, dinh 0,511 MeV va vung
dinh 37 MeV. Ving dinh 0,511 MeV c6 thé la do
huay cap gitra electron va positron gay ra baéi birc
xa hdm khi buc xa vil tru twong tac véi buong
chi. Vung dinh 37 MeV la do birc xa vii try twong
tac truc tiép véi hudéng tryc dién vao bé mit
detector Nal(TI). Vai thi nghiém nay, phé phéng
mdi truong trén detector Nal(Tl),v6i ving nang
lwong khao sat tir 0,3 dén 70 MeV ciing duoc ghi
nhan. Két qua cho thiy (dwdng mau den trong
Hinh 6), ¢ ving nang lugng dudi 3 MeV, phong
xa moi trudng xung quanh do cac dong vi phong
Xa c6 trong moi truong anh huong rat nhidu vao
detector, ¢ ving nang lugng trén 3 MeV, dang
phd thé hién twong tu nhu duong mau do. Do do,
c6 thé thiy rang, ving ning luong trén 3 MeV
ghi nhan bai detector Nal(TI) chu yéu l1a btc xa
vii tru.
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Két qua quan tric phéng xa méi truong khi

Sau khi xay dung hé do quan tric phong xa
moi truong, chidng téi thuc hién khao sat do
phdng xa tai mot phong thi nghiém cua B6 mén
Vat ly hat nhan, thuoc Truong Pai hoc Khoa Hoc
Tu nhién, PHQG-HCM. Chang t6i khao sat
PTN. Hat nhan dai cuong, noi c6 chira mot sb
ngudn phéng xa chudn sir dung cho thuc tap sinh
vién. Hé thong detector dwoc dit tai vi tri sinh
vién lam thyc tap. Khoang thoi gian do lién tyc
kéo dai 24 tiéng lién tuc tir 9 gio sang dén 9 gio
séng ngay hdm sau. Hinh 7 1a két qua vé suét liéu
phong xa theo thoi gian véi don vi do sb
dém/phut va pSv/h, twong &ng vai truc tung bén
trai va bén phai. Dua vao sé liéu ta thay, suat liéu

dao dong tir 0,10 pSv/h dén 0,15 pSv/h, véi gia
tri trung binh 1a 0,12 pSv/h. Véi sé lidu c6 duoc,
c6 thé danh gia PTN la an toan vé phong xa, so
véi tieu chuan Uy ban An toan Bic xa Quéc té
ICRP (International Commission on Radiation
Protection) [11] (an toan cho nguoi dan Ia licu
gi¢i han la 5 mSv/ndm (twong duong 0,57
uSv/gio)).

V6i két qua cua thi nghiém nay, hé thong do
quan tric phéng xa c6 thé dugc dit gan ngudn
phéng xa, hé thdng quan sét (méy tinh) c6 thé dat
xa noi quan tric, dir liéu s& dwoc truyén qua
duong truyén khéng day Wifi va quan sat lién tuc
theo thoi gian.
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Hinh 7. Két qua quan tric phong xa méi truong khi tai PTN. Vat 1y hat nhan dai cwong, truong DH. KHTN,
PHQG-HCM

KET LUAN

Chung t6i da thuc hién phét trién cac hé do
ghi nhan buc xa vii tru va suét lidu phong xa c6
trong modi truong khi. Bé ghi nhan bic xa vii tru
trén detector Nal(TI) 7,6x7cm, mot hé théng xir
ly trigger FPGA dugc phat trién véi cac module
Gate/delay va Coin, cho phép thyc hién trung
phuing cé4c detector Nal(TI) va nhap nhay plastic.
Dé xay dung hé thong trigger ndy, mot chuong

trinh nhing, dwoc viét trén ngdbn ngit VHDL,
dugc nhang vao thiét bi phan ctiing FPGA (chip
Altera), cho phép trigger thiét bi MCA ghi nhan
thanh phan bic xa vii try. Chang tdi thyuc hién thi
nghiém nghién ciru dap wng phd birc xa vii tru
trén detector Nal(TI) vdi vung nang lugng khao
st tir 0,3 dén ~70 MeV. O thi nghiém quan tréic
suét liéu phong xa moi truong theo thoi gian, bo
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giao tiép dién tir FPGA, trén thiét bi phan cung
NI -MyRIO (chip Xilinx). Thiét bi nay cho phép
ghi nhan tin hiéu tir detector GM va truyén dix
lieu CPM va suit liéu Ién may tinh théng qua
duong truyén Wifi. Vi hé do nay, thuc hién do
sut lidu phong méi truong cho PTN. Hat nhan
dai cuong, noi c6 chira mot s ngudn phong xa
chuan sir dung cho thuc tap sinh vién.

Véi cdng nghé nhing FPGA, hé do nay nho
gon, giam kinh phi rat nhiéu so véi phuong phap

truyén thong sa dung céng nghé NIM va
CAMAC.

Loi cam on: Dé tai nam trong tai tro ciia Quy
phat trién khoa hoc va Céng nghé quoc
gia Nafosted véi ma sé dé tai: 103.04-2015.103.
Chiing t6i ciing giri loi cam on dén nhém GS.
Masaharu Nomachi trong viéc hé tro' phan cimg
FPGA, GS. Pierre Darriulat trong viéc hé tro hai
detector nhdp nhady plastic va Bé mén Vit Iy Hat
nhan, Khoa Vit ly-VLKT tao diéu kién trong viéc
trién khai cdc thi nghiém.

Development of triggering and DAQ systems
for radiation detectors using FPGA technology

e Vo Hong Hai
e Nguyen Quoc Hung
e Tran Kim Tuyet
University of Science, VNU-HCM

ABSTRACT

Field-programmable gate array (FPGA)
technology has been widely used in setting up
triggering systems and DAQ systems for
radiation detectors, because it has several
advantages such as fast digital processing,
compact, programmable and high stability. Since
2010, with we have developed FPGA-based
trigger systems and FPGA-based DAQ systems
used for radiation detectors. Triggering systems
for cosmic ray measurements, readout electronic
for environmental radiation monitor in air. We

also developed nuclear electronic equipment
such as spectrum analyzer MCA (Flash-
ADC/FPGA based), the pulse generator,
counters, readout electronic for multiple
radiation sensors. In this paper, we present two
experiments, on the cosmic-ray induced response
on the Nal(Tl) detector and environmental
radiation monitoring  system. For those
experiments, trigger system are built by FPGA-
based technology.

Tir khoa: FPGA, LabVIEW, cosmic rays, radiation monitoring, Nal(Tl)
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