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Tom tat: Theo thoa thuan hop tac giira bo Khoa hoc va Cong nghé Han Quéc va Viét Nam, phia Han
Qudc da vién tro cho Viét Nam bao gom mét may cyclotron HIC-KOTRON13 gia téc hat proton téi
ning luong 13 MeV, hé bia mau tao dong vi phong xa '°F va hotcell téng hop duoc chit phéng xa
BEDG cuing hé chia liéu. Chirc niang chinh cua hé thdng thiét bi 1a san xuit dugc chat phong xa st
dung cho thiét bi chup anh phéng xa PET/CT nhu **FDG, *'C,.... Hé cong huong RF véi tan sb ¢b dinh
77,3 Mhz c6 vai trd quan trong trong qua trinh gia toc hat proton trong may HIC-KOTRON13. Mot s6
thong sé ky thuat caa hé cong hudng duge do dac va cong bd boi nha san xuat SAMYUONG nhur:
Cong suat cuc dai hé RF 1a 20 kW, bién d6 dién truong dao dong cong huang tai khe gia toc dat téi 45
kV,.. Bé dat duoc hai thong s6 quan trong trén, can diéu chinh tré khang budng cong hudng t6i gia tri
50 Q tai tan s6 77,3 MhZ va hé sb phan xa tir budng cong huéng tro lai khdi phat cong suit RF nho
hon 3%. Bai bao nay sé trinh bay cac thyc nghiém xac dinh tré khang va hé sb phan xa cua budng gia
toc cong huong trén co s¢ thiét bi Network Analyzer N9912A. C4c s liéu thuc nghiém nay phuc vu
tryc tiép cho qué trinh lap dat cac bd phan cua may gia toc trong ving cong hudng nhu ngudn ion, hé
coupler, hé lam mat,..

Tir khéa: HIC-KOTRON13, RF, ®*FDG, PET/CT.

1. MO PAU.

Lip dat may gia toc cyclotron can c6 nhiéu kién thuc vé cong nghé gia toc va kinh
nghiém thuc té. May cyclotron bao gom rat nhiéu cac bo phan dugc ghép ndi véi nhau tir
ngudn ion, khéi dém gitra ngudn ion va bd phan gia tdc, budng cong huong gia toc, khéi tach
cham tia ra khoi may gia toc va huéng chim hat téi bia. Lap dat cac bo phan trong budng
cong huong sau khi bao dudng, stra chira thiét bi 14 mot viéc kho va thuong chi dugc thuc
hién boi cc can b ky thuat cua hang san xuat thiét bi. Khi lap dat cac bo phan trong budng
gia toc hai théng sb phai duoc xac dinh bang thuc nghiém la tré khang R khoang 50 Q tai
tan sb cong huong budng gia téc va hé s song phan xa RF tir budong cong huong téi khoi
cong suat RF nho hon 3 %.

Il. CAC NQI DUNG CHINH PA NGHIEN CUU.

1. Xac dinh tré khang R budng céng hwéng phu thudc khoing cach hai ban tu vi chinh
va nhiét do nwéc lam mat.

1.1 Tré khang budng cong hwang phu thudc khoing cach hai ban tu vi chinh.

Tré khang budng cong hudng duge xac dinh qua cong thic: Z = V/I véi V 1a bién 46
song RF va I 1a cuong d6 dong dién [1]. Trong budng cong hwong véi séng xoay chiéu, Z
dugc xac dinh qua phan tré khang thuc va phan tro khang ao theo cong thic: Z=R + joL +
1/JoC. Véi R 1a gi4 tri dién tro thyc, o 1a tan sé dao dong, L 1a gié tri dién cam, C la gia trj
dién dung.

Théng thuong, tro khéng tir 15i ra caa khdi cong suét phat RF, ong dan song tir khdi
cdng suit RF dén budng cong huong va budng cong huong gia toc dugc thiét ké voi gié tri 50
Q.

Céu hinh cua tu vi chinh gdm 2 ban tu. Mot ban la mép trong cia dién cuc Dee cd
dinh va mét ban tu la mot ban phang bang dong c6 thé dich chuyén (Hinh 1). B¢ tang gia tri



dién dung tu vi chinh, HIC-KOTRON13 d3 thiét ké 2 tu vi chinh & hai phia d6i dién nhau
trong budng cong huong. Ban tu duoc di chuyén thong qua mot mé to budce diéu khién bang
s6 tir khéi diéu khién. Thi nghiém duoc tién hanh nhim xac dinh dugc vj tri giira trong dai
dich chuyén cua ban tu (Khoang cach d giita hai ban tu) dam bao tro khang R caa budng cong
huong 1a 50 Q.

A

Hinh 1: Hinh anh cia tu vi chink dién dung buong céng hurong.

Thiét bj do N9912A duoc cai dat trong ché do do NA voi man hinh chi thj cai dat
trong che do SMITH CHART [2]. Gia tri tr¢ khéang R dugc do va hién thi trén man hinh cua
N9912A véi tan so phat co dinh 77,3 MHz. Khoang cach gitt hai ban tu d dugc chuan héa
theo s6 dau vao ciia mo to budc.

Bang 1: Gia tri tré khang R phu thugc khoang cach 2 ban tu vi chinh buéng céng hirong RF.

Gia tri tré S6 dicu Khoang cach | Giatri tro Sédiéu | Khoang cach
khang R (Q) | khiecnmoto | haibanty | khang R (Q) | khién mo to | hai ban tu(cm)
(cm)

33 128000 2.15 51 120000 1.55

35 126000 2.00 62 118000 1.40

39 124000 1.85 69 117000 1.33

44 122000 1.70 78 116000 1.25

49 120500 1.59 86 115500 1.21

Két qua cua thi nghiém: Pa xac dinh vi tri lip dat ban ty di chuyén duoc cua tu vi chinh cach
ban tu c6 dinh 1a 1,57 mm. Véi vi tri nay, tré khang R cua buong cong huong co gia tri
khoang 50Q va nam khoang gitra dai di chuyén cua tu vi chinh.
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Hinh 2. Tro khang buong céng hurong gia toc phu thuge khodng cach d do bang thiét bi N9912A.
1.2 Tré khang R budng céng hwéng phu thugc nhiét dd nwéc lam mat.

Mot yéu té anh huang nhiéu dén sy thay do6i cua tro khang R budng gia toc 1a su thay
ddi cua nhiét d6 nuéc lam mat. Céc bo phan phai 1am mat cho bu0ng nay bao gdm cac dién
cuc Dee, bo phan truyén song RF coupler, ban ty vi chinh,.. Thyc té cho thay khi tro khang
budng cong ‘huong thay ddi, séng phan xa tir budng cong huong toi khéi cong suat phat RF
cling thay d6i. Dé can bang lai gia tri 50 Q tro khang budng cong huong phai thay doi lién tuc
gia tri tu dién vi chinh. Diéu ndy dan dén két qua 1a rat kho van hanh may gia toc. Mot sd
truong hop khi séng phan xa qué lon da gy ra chay nd dién tro va diod bao vé khdi cong
suat RF.

Nham timg budc hiéu sau hon vé cac yéu t6 lam thay doi tré khang R budng cong
hudng, thuc nghiém da duoc tién hanh bang cach thay d6i nhiét d6 nude lam mat dau vao
chung cho cé4c bo phan cua budng cong huong va do gia tri tro R budng cong huang trén thiét
bi N9912A. Thiét bi gia tbc HIC-KOTRON13 dugc cai dat & diéu kién bién gan voi gia tri
hoat dong thuc caa may: Chan khong khoang 2,0 x 107" mbar; Khoang cach 2 ban tu vi chinh
tai vi trf khi nhiét am mat dat 13 °C, tré khang R budng gia téc khoang 50 Q,..

Bang 2: Gia tri tr¢ khang R buéng céng hurong gia toc RF phy thuge nhiér dé nuéc lam mat.

Nhiét do dat ( °C) Tro khang R (Q) Nhiét do dat ( °C) Tro khang R (Q)
10 35 15 59
11 42 16 68
12 47 17 73
13 50 18 75
14 55
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Nhi¢t do mwrée 1am mat
Hinh 3: Su thay déi tré khang R phu thugc nhiét dé miréc 1am méat buong cong huong.

Nhan xét: Khi ting dan nhiét d6 nudc lam mat, tro khang R caa budng cong hudng ciing ting
theo dan den hi¢u Gng 1am thay doi hé so phan Xa tr buong cong huong gia toc téi khoi phat
cong suat RF. Thuc té nhiét do lam mat duoc cai dat tir khoi lam mat nudc Chiller véi nhiét
do thay doi nho tir 13°C dén 14 °C va may gia toc hoat dong twong doi on dinh trong ché do
san xuat thong thuong.

2. Xac dinh hé sé song phan xa tir budng céng hwéng RF sir dung thiét bi Network
Analyzer N9912A

2.1 So' @6 khdi hé do hé sé phan xa RF tir budng cong hwéng gia téc.

Do cing suit phit RF

e —

B{ ghi nhin cong
) Budng cgng huwing
suat phat va phan Nguén RF
RF 77,3 MhZ
xa RF
e i—
Do cing suit RF phin xa

.

Hinh 4: So do khéi hoat dong thiét bi N9912A ché dé NA (Network Analyzer)
Cha thich:
Ngudn RF: Phat cac dao dong dién 77,3 MHz cling tan s6 vai tan sé cong huong budng
gia toc.

Khéi dau do: Gom 2 dau do chinh. Mot dau do cong suit phat Song RF tir ngudn phat
dén budng cong huong va mot dau do cong suat séng phan xa tir budng cong huong tro lai
thiét bj N9912A.

’ ‘B¢ phan ghi nhan cong suat phat song va song phan xa: Ghi nhan va chi thi dudi dang
s0 ty so cong suat gitra song phan xa va song phat.



2.2 So dd khdi dién tir cia budng gia téc cong hwong RF.

[ Khéi diéu khién ]

Budng céng hwéng RF

Phat RF T.KD ; Kb

C-Coupler Ctune

Dee Pillar . Rshunt

Hinh 5: So do khoi hé dién tir ciia buong céng huong gia toc RF.
Cdee: Gid tri dién dung cua buong cong huong phu thuge vao cau hinh hinh hoc cua cc bo
phan bén trong buong.
Dee Pillar: Gia tri dién cam ciia budng cong huang.
Rshunt: Pién trg thuan cua budng cong huang
‘Ctune: Gia tri dién dung cua tu vi chinh c6 the thay doi 1am tan s6 cong huong budng gia
toc trung vai tan so phat RF.

Vi thiét bj HIC-KOTRON13, nguon phét RF c6 tan s6 c6 dinh 77,3 MHz, tién khuéch
dai nang cong suat dau ra ti 1,5 KW va loi ra khuech dai cong suat nang cong suat phat RF
t6i 20 KW [5]. bieu chinh cong suat phat dugc thuc hién qua thdng so Duty Cycle tir 1% den
100 %. Duty Cycle la gia tri ty s6 phan trdm gitra thoi gian phat xung RF vao khoi cong suat
trong 1 chu ky phat. Trong ché d6 hoat dong binh thwong, gia tri Duty Cycle dat khoang 60%.
2.3 Khai niém vé S-Parameter va xac dinh h¢ s6 S11 ciia mot cong dién tir.

S-Parameter la cac thong s6 co ban ciia mot cong dién tir [4]. Trong truong hop 2 COng
nhu hinh 6, S-Parameter bao gom 4 gia tri S11, S12, S21, S22. Céc gia tri nay mo ta hé so
truyén qua, hé sé phan xa cua séng RF khi di qua cac cong dién tir nay.
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Hinh 6: Sor do khoi céc thong sé S- Parameter logi 2 cong.



Giai thich: al la séng t6i, b1 1a phan séng phan xa tir cong 1, b2 Ia séng truyen qua thiét b
can kiém tra, a2 la phan séng phan xa tir cong 2. Gia tri b1, b2 dugc xac dinh theo céng thac
sau:

bl =S;;al + Sy, a2
b2 =S, al + Sy, a2

Khi cai dat thuc nghiém véi a2 =0, S;; =bl/al laty sb giir song phan xa va song tai tai
Cong 1. Pay 1a co s ly thuyét dé xac dinh hé s6 phan xa tai budng cong hudng gia toc bang
thiét bi Network Analyzer.

2.4 Thuc nghiém xac dinh h¢ s6 song phan xa tir budng gia toc cong hwéng cia thiét bi
gia toc HIC-KOTRON13.

So db khéi cua thi nghiém dugc md phong theo hinh 4. Ngudn phat RF, khéi dau do va hé
ghi nhan dugc thuc hién boi thiét bi N9912A. Thong sb ky thuat duoc xac dinh trong thi
nghiém nay la ty s6 ning lugng song phan xa va song téi budng gia téc cong husng phu thue
tan sb phat RF.

Thi nghiém dugc tién hanh sau khi d3 lap dat toan bo cac bo phan bén trong budng gia toc
nhu ngudn ion, cac dién cuc gia toc, tu vi chinh tan sé cong huong,.. Chan khong tai budng
cong huang trong thi nghiém nay dat 2,0 x 107 mbar.

Thiét bi N9912A duge cai dit trong ché d6 NA (Network Analyzer) duoc hién thi ché do
do S11 véi tryc tung c6 don vi do dB va tryc hoanh 1 tan sé quét dai tir 77,05 MHz dén 77,55
MHz. Két qua do duoc hién thi trén hinh 7.

KEYSIGHT  FieldFox RF Analyzer Ne912A 4GHz

& (1) Tue, 17 Apr 2018 9:38:23PM
s . 77.300000MHz  495Q-1.1Q

Hinh 7: Xdc dinh hé sé phan xa tir buong céng hurong bang thiét bi N9122A.
Két qua do gid tri S11 ciia budng cong huang ¢ thé rat ra mot sé két luan sau:

- Vi tri cyc tiéu cua S11 tai tan sd phat 77,3 MHz cho thay vi tri |ap dat cac bo phan trong
budng cong hudng da ding vi tri. Budng gia toc di cong husong o tan sé nay.

- Gi4 trj cyc tiéu cua S11 do dugc khoang - 38 dB tuong duong voi ty sb cong suat soéng
phan Xa trén song téi khoang vai phén tram. Bicu nay cho thay gan nhu toan bd néng luong
song toi RF da di vao buong cong huong va hiéu trng cong hudng da xay ra tai day.



I1l. CHAY THU NGHIEM THIET BI HIC-KOTRON13 SAU KHI BAO DUONG
BUONG GIA TOC CONG HUONG.

Sau khi bao dudng cac bo phan bén trong budng gia téc cong huong RF cua thiét bj HIC-
KOTRON13, thiét bi da duoc do gia tri tré khang R khoang 50 Q va gia tri S11 cuc tiéu tai
tan sé 77,3 MHz. Toan bo thiét bi da duoc van hanh trong ché dé san xuit dong vi phdng xa
8 thuc. Cac didu kién bién cai dat cho thiét bi dugc md ta trong bang 3.

Bang 3: CAc thdng sé cai dat cho HIC-KOTRON13.

STT Thong sb cai dat Gia tri Ghi chi
1 Dong nam cham tao tur truong Vi chinh cho moi lan
145,240 A ban bia
2 Dong ARC-Current nudi ngué)n ion 121 A
3 Nhiét d6 cai dat nudc lam mat dau ra tir Nhiét d lam mat dao
Chiller 13 dong tir 13°C-14°C
4 Cong suat phat RF- Duty cycle 50%
5 Luu lugng dong khi H, vao ngudn ion 7.sccm Chén khong khi phéat
tia dat 7,1 x 10 mbar
6 Dién ap cho soi dbt dén cong suit RF 8V~
7 Dién 4p cho soi dbt dén dién tir [IPA 6 V~
8 Nhiét do phong Cyclotron va phong diéu 20°C Cai dat khi phat tia
khién
9 Do am dit cho may hut am tai phong 40%
Cyclotron
10 | Nhiét do ddt cho soi d6t bom khuéch tan 320°C Chan khong khi khdng
dau phat tia dat 1,6 x107

mbar
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Hinh 8: Phé bdn bia vao thang 5/2019 sau khi bdo durdng buong gia toc HIC-KOTRON13.
Nhan xét: Ttr phd ban bia hinh 8 cd thé rit ra mot s6 két luan sau:
- Dong trung binh trén bia (Phd mau trang) dat khoang 35 A, Gid tri nay la du dé san xuat

ddng vi *°F trong ché d¢ hoat dong binh thuong (Hoat do khoang 1,2 Ci cho mdi ca san xuat
trong 2 gio ban bia).

- Hé sb ning luong RF song téi chi thi trén hinh 8 dat trén 90% va song phan xa chi thi
khodng 2%. Pho néng lugng song toi va song phan Xa la twong doi on dinh. Gia tri séng phan
Xa twong dwong Vi gia tri do S11 cua thiét bi N9912A tai tan s6 77,3 MHz 1a -38 dB.

- Panh gia chung 1a vi tri lap dat cc by phan trong budng cong hudng gia toc 1a dat yéu cau
cua thiét bi HIC-KOTRON13.



KET LUAN.

Bai bao nghién cau phdi hop tré khang va xac dinh hé s phan xa tir hé phan xa RF
méy gia toc cyclotron HIC-KOTRON13 di dwoc nghién cau va tién hanh cac thuc nghiém
trén co s thiét bi N9912A. Hai thdng sb da dugc xac dinh sau khi lap dit budng cong huong
gia toc 1a tro khang R khoang 50 Q va hé sé phan xa RF tir budng cong huong nhé hon 3% tai
tan sé 77,3 MHz. Cung véi viéc lap dat ngudn ion PIG [6] thi day 1a cong viéc tiép theo cho
viéc lap dat budng cong huong caa thiét bi gia téc HIC-KOTRON13. Thuc nghiém di xac
dinh dugc khoang cach 2 ban tu cua tu vi chinh khoang 1,57 cm. Thyuc nghiém ciing da
nghién ctu sy anh hudng cia nhiét d6 nuéc 1am mat téi sy thay doi tré khang R budng cong
huong. Két qua do phd soéng phan xa thuc té RF tir budng cong huong khoang 2 % cho thay
su phi hop vai két qua gid tri do S11 tir thiét bji N9912A. Sau khi bao dudng dinh ky, thiét bi
gia tbc HIC-KOTRON 13 d3 hoat dong binh thuong phuc vu qua trinh san xuat dong vi *°F.
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THE STUDY OF IMPEDANCE AND REFLECTION OF RF
RESONANCE CAVITY OF CYCLOTRON HIC-KOTRON13
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Abstract.

According to the agreement between Ministries of Science and Technology of Korea
and Vietnam, Korea has provided to Vietnam the cyclotron HIC-KOTRON13 with proton
beam energy of 13 MeV, liquid target system for the production of radioisotope “®F, hot cell
for synthesis ®FDG and radiopharmaceutical dispenser system. The production of **FDG,
c,.. used for PET/CT are the main function of HIC-KOTRON13. RF system with
frequency of 77.3 MHz is important for accelerating proton beam. Some technical parameters
were measured and issued by SAMUONG- manufacturer: Maximum power of RF is 20 kW,
electrical amplitude of RF is 45 kV,.. In order to achieve the above parameters, it is neccesary
to correctly adjust the cavity impedance of 50 Q at frequency 77.3 MHz and the reflection
coefficient of less than 3% from the cavity to RF system.

This report presents the experiment to determine the impedance and reflection
coefficient of RF resonance cavity of HIC-KOTRON13 based on Network Analyzer N9912A
equipment. These parameters will be used in process of installation of ion source, coupler,
cooling water,.. for this cyclotron.

Keyword: HIC-KOTRON13, RF, ®*FDG, PET/CT.



