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NGHIEN CU'U PHOI HOP TRG KHANG VA HE SO PHAN XA
TRONG HE CONG HUONG RF CUA MAY GIA TOC CYCLOTRON

HIC-KOTRON13

THE STUDY OF IMPEDANCE AND REFLECTION OF RF RESONANCE CAVITY OF CYCLOTRON HIC-KOTRON13

TOM TAT

May gia tdc HIC-KOTRON13 gia tdc hat proton tdi ndng lvong 13MeV. Hoat
dong clia budng gia toc dya trén hiéu (g cong hudng RF ¢d tan s6 c6 dinh
77,3MHz. S6ng RF I3y tlr tang cudi khi khuéch dai RF dwa vao budng cong hiéng
06 cOng suét khoang 20kW. Tré khang ra clia khdi khuéch dai RF 12 50Q. Bé hiéu
(g ¢ong hudng RF xay ra trong budng gia tc, tré khang budng nay phai diéu
chinh gan gid tri 50Q va hé s phan xa tir budng cng huong téi khdi cong suét
RF diéu chinh nhd hon 3%. Bai bao nay trinh bay céc thuc nghiém xac dinh tré
khang va hé s6 phan xa clia budng gia toc cong hudng trén co s6 thiét bi Network
Analyzer N9912A. C4c s6 liéu thirc nghiém nay phuc vu truc tiép cho qua trinh Ip
dat cac bo phan nhw ngudn ion, hé coupler, hé lam mét,... clia may gia toc.

Tlrkhoa: HIC-KOTRONL3, RF, ®FDG, PET/CT.

ABSTRACT

The cyclotron HIC-KOTRONZ3 accelerates proton up to energy 13MeV. The
operation of accelerated cavity, which is based on RF resonance effect, has a
fixed frequency 77.3MHz. The RF wave from RF power module go to RF
resonance cavity with power 20kW. The output impedance of RF power module
is fixed 50Q. In order to get RF resonance in cavity, a impedance of resonance
cavity has to adjust near 50Q and the reflection coefficient from the cavity to RF
power module has to adjust less than 3%. This report presents the experiments
to determine the impedance and reflection coefficient of RF resonance cavity of
HIC-KOTRON13, which are based on Network Analyzer N9912A equipment. These
parameters will be used in process of installation of ion source, coupler, cooling
water.,... for this cyclotron.
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1. MO PAU

May gia t6c HIC-KOTRON13 duwoc Iap dat tai Trung tam
chiéu xa Ha Noi thudc dy an hop tac khoa hoc gitra chinh
pht Han Quéc va Viét Nam. May bao gom rat nhiéu cac bo
phan duoc ghép ndi véi nhau tir nguon ion, khodi dém gitta
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nguoén ion va bd phan gia téc, buéng cong hudng gia téc,
khoi tach chum tia ra khéi may gia t6c va huéng chum hat
toi bia. Ngoai muc dich chuyén giao vé céng nghé gia tdc
cyclotron cho Viét Nam, hé th6ng may HIC-KOTRON13 con
san sudt truc ti€p ra san phdm dugc chat phong xa *FDG
dung trong chan doan ung thwy sém trén thiét bi quét
PET/CT. Trong ché dd hoat dong thutng ngay, dong proton
trén bia dat 35pA. Sau hai git ban bia, hoat dd phong xa °F
tai bia dat trén 1,2 Ci di dé téng hop thanh dwgc chat
phéng xa *®FDG dling cho 2 may quét PET/CT.

Lap dit cac bd phan trong budng cong hwdng sau khi
bdo dudng, stra chita thiét bi thwong chi dugc thuc hién béi
cac can b ky thuat ciia hang san xuét. Khi l&p dat cac bo
phan trong budng gia toc, hai thdng s6 phai dwgc xac dinh
bang thuc nghiém la tré khang budng khoang 50Q va hé
s6 song phan xa RF tir bubng cong huwéng téi khdi cong
sudt RF nhé hon 3%.

2. CAC NOI DUNG CHINH DA NGHIEN CUU

2.1. Xac dinh tré khang R buéng cong huéng phu thudc
khoang cach hai ban tu vi chinh va nhiét dé nwéc lam mat

2.1.1. Tré khang budng cong huéng phu thudc khoang
cach hai ban tu vi chinh

Tré khang budng cong huéng dugc xac dinh qua cong
thtee: Z = V/1véi V 1a bién dd séng RF va | l1a cwdng d6 dong
dién [1]. Trong budng cong huéng véi séng xoay chiéu, Z
duoc xac dinh qua phan trd khang thuc va phan tré khang
4o theo cong thirc: Z =R +jwL + 1/JwC. V6i R la gia tri dién
tré thue, w 1a tan s6 dao dong, L la gia tri dién cdm, C la gia
tri dién dung.

Thong thudng, tré khang tir 16i ra clia khdi cong sudt RF,
6ng dan song tir khéi cong suét RF dén budng cong hudng
va budng cong hudng gia tdc duoc thiét ké véi gia tri 50Q.

Cau hinh ca tu vi chinh gdm 2 ban tu. Mot ban la mép
trong cla dién cuc Dee ¢d dinh va moét ban tu la mot ban
phang bing ddng c6 thé dich chuyén (hinh 1). Dé ting gia
tri dién dung tu vi chinh, HIC-KOTRON13 da thiét ké 2 tu vi
chinh & hai phia déi dién nhau trong budng céng hudng.
Ban tu duwoc di chuyén thdng qua mot mé to buwdc digu
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khién bang s6 tir khéi diéu khién. Thi nghiém duoc tién
hanh nham xac dinh duoc vi tri gitra trong dai dich chuyén
cla ban tu (Khoang cach d gilra hai ban tu) ddm bao tré
khang cutia buéng cong huéng la 50Q.

(o

& oo TR
Hinh 1. Hinhnh cla tu vi chinh dién dung budng cdng hutng

Thiét bi do N9912A duoc cai dat trong ché dd do NA véi
man hinh chi thi cai dat trong ché d6 SMITH CHART [2]. Gia
tri tr& khang dwoc do va hién thi trén man hinh ctia N9912A
vGi tan s6 phat c6 dinh 77,3MHz.

Két qua cua thi nghiém: Tir dwdng cong mo ta quan hé
gilta khodng cach hai ban tu vi chinh va gia tri tré khang
budng cong hwang (hinh 2), ¢é thé ngoai suy khoang céach
twong ng voi gia tri tré khang 50Q khoang 1,57cm.

AA KIVSIONT  Prtion a9 Amsiyme v

Khodng cach 2 ban tu (cm)

30 % 50 60 70 80 90

Gid tri tré khing budng gia toc (om)

Hinh 2. Tré khang budng cdng huéng gia toc phu thude khodng cach d do
bang thiét bi N9912A

2.1.2. Tré khang R budng cdng huéng phu thudc nhiét
dd nuwéc lam mat

M6t yéu td anh hudng nhigéu dén sv thay déi cua tro
khang R budng gia tdc la sy thay d6i clia nhiét do nwéc lam
mat. Cac bd phan phai lam mét cho budng nay bao gom
cac dién cuc Dee, bd phan truyén séng RF coupler, ban tu vi
chinh,... Thuc té cho thay khi tré khang budng cong hwéng
thay doi, song phan xa tir buéng cdng hudng téi khdi cong
sudt phat RF cling thay d&i. D& can bang lai gia tri 50Q tré
khang budng cdong hudng phai thay déi lién tuc gia tri tu
dién vi chinh. Biéu nay dan dén két qua la rat khé van hanh
may gia toc. Mot s6 trvong hop khi song phan xa qué I6n
da gay rachay n6 dién tré va diét bao vé khoi cong suat RF.

Nham tirng budc hiéu sau hon vé céc yéu td lam thay
déi tré khang bubng céng hudng, thuc nghiém da duoc
tién hanh bang céach thay ddi nhiét doé nudc lam mat dau
vao chung cho cac bd phéan clia budng céng hwéng va do
gia tri tré budng cong hudng trén thiét bi N9912A. Thiét bi
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gia toc HIC-KOTRON13 duoc cai dit ¢ diéu kién bién gan
V@i gia tri hoat dong thuyc cta may: Chan khéng khoang
2,0 x 10"mbar; Khoang cach hai ban tu vi chinh tai vi tri khi
nhiét lam mat dat 13°C, tré khang budng gia toc khoang
50Q,...

Bang 1. Gid tri trd khang budng cong hudng gia toc RF phu thudc nhiét do
nu6c 1am mat

Nhiét do dat (°C) | Trékhang (Q) | Nhiétdo dat (°C) | Trékhang (Q)
10 35 15 59
11 42 16 68
12 47 17 73
13 50 18 75
14 55
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Hinh 3. Si thay d6i trd khang phu thugc nhiét do nwdc lam mat budng
cong huéng

Nhan xét: Khi tang dan nhiét dé nuéc lam mat, tré
khang ctia budng cdng hudng cling ting theo dan dén
hiéu (ng lam thay d6i hé s6 phan xa tlir budng cong hudng
gia toc toi khoi phat cong suat RF. Thuc té nhiét do lam mat
duwoc cai dat tir khéi lam mat nwéc Chiller véi nhiét do thay
d6i nho tir 13°C dén 14°C va may gia téc hoat dong tuong
d6i 6n dinh trong ché do san xuét théng thuong.
2.2. Xac dinh hé s6 séng phan xa tir budbng cong huéng
RF str dung thiét bi Network Analyzer N9912A

2.2.1. So do khdi hé do hé sé phan xa RF tir budng cong
huwéng gia toc

Do cong suit phit RF

Budng cong hwimg
Nguén RF .
J ” RF 77,3 MhZ
. T

Do cong suit RF phin xa

B¢ ghi nhin cong
sudt phat va phan

xa RF

Hinh 4. So d6 khdi hoat dong thiét bi N9912A ché do NA (Network Analyzer)

Trong dé:

Nguon RF: Phat cac dao dong dién 77,3MHz cung tan so
v@i tan s6 cong hwdng budng gia toc.
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Khoi dau do: gdém 2 dau do chinh. Mot dau do cong suat
phat séng RF tlr ngudn phat dén budng cong huéng va
mot dau do cong sudt séng phan xa tir budng cong huéng
tré lai thiét bi N9912A.

BO phan ghi nhan cong suat phat séng va song phan xa:
Ghi nhan va chi thi du¢i dang s6 ty s6 cdng suét gilta séng
phan xa va song phat.

2.2.2. So d6 khoi dién t&r cia budng gia téc cong
huwéng RF

[ Khéi diéu khién 1
& g {} J Budng cong hwéng RF
Phit RF H TKD H KD }—{>‘|<_{
T Cdee
Ctune

C-Coupler

Dee Pillar Rshunt

Hinh 5. So d0 khi hé dién ti cia budng cong hurdng gia téc RF

Trong dé:

Cdee: Gia tri dién dung clia budng cong huéng phu thudc
vao cau hinh hinh hoc ctia cac bo phan bén trong budng.

Dee Pillar; Gia tri dién cdm ctia budng cong huéng.

Rshunt; Bién trg thuan ctia budng cdng huéng

Ctune: Gia tri dién dung cla tu vi chinh cé thé thay doi
lam tan s6 cong hwdng budng gia toc trung véi tan s6
phat RF.

Véi thiét bi HIC-KOTRON13, ngudn phat RF c6 tan s6 cd
dinh 77,3MHz, tién khuéch dai nang céng suat dau ra toi
1,5kW va 16i ra khuéch dai cong suat nang cong suat phat
RF t6i 20kW [5]. Diéu chinh cong suat phat duoc thyc hién
qua théng s6 Duty Cycle tir 1% dén 100%. Duty Cycle la gia
tri ty sO phan tram gitta thoi gian phat xung RF vao khéi
cbng suat trong 1 chu ky phéat. Trong ché dé hoat dong
binh thudng, gia tri Duty Cycle dat khoang 60%.

2.2.3. Khai niém vé S-Parameter va xac dinh hé so S11
clla mot cong dién tlr

S-Parameter la cac thong s6 co ban clia mét cdng dién
tlr [4]. Trong tredng hop 2 céng nhu hinh 6, S-Parameter
bao gdm 4 gia tri S;;, S5, Sy, Sy, Cac gid tri nay mo ta hé so
truyén qua, hé sd phan xa clia séng RF khi di qua cac cong
dién tt nay.
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Hinh 6. So d khdi cac thong s S- Parameter loai 2 cong
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a, la song tai, b, 1a phan séng phan xa tir céng 1, b, la
song truyén qua thiét bi can kiém tra, a, la phan séng phan
xa tlr cong 2. Gia tri b;, b, dwgc xac dinh theo cong thire sau:

b,=Sya,+Sp,a,
b,=S;8,+5,a,

Khi cai dat thwc nghiém véia, =0, S;; = b,/a; la ty s
gitta song phan xa va séng toi tai cong 1. Day la co s¢ ly
thuyét dé xac dinh hé s6 phan xa tai budng cong hudng gia
toc bang thiét bi Network Analyzer.

2.2.4. Thyc nghiém xac dinh hé s6 séng phan xa tw
bubng gia téc cong hudng cla thiét bi gia téc HIC-
KOTRON13

So d6 khdi clia thi nghiém dugc mé phéng theo hinh 4.
Nguon phat RF, khéi dau do va hé ghi nhan dwgc thyc hién
bai thiét bi N9912A. Thong s6 k¥ thuat duoc xac dinh trong
thi nghiém nay la ty s6 nang lvgng séng phan xa va séng
t6¢i budng gia téc cong hwéng phu thudc tan so phat RF.

Thi nghiém duoc tién hanh sau khi d4 1ap dat toan bo
cac bd phan bén trong budng gia t6c nhu ngudn ion,
cac dién cuc gia toc, tu vi chinh tan s6 cong huéng,..
Chan khong tai budng cdng hudng trong thi nghiém nay
dat 2,0 x 10'mbar.

Thiét bi N9912A duoc cai dat trong ché do NA (Network
Analyzer) dwoc hién thi ché dé do S,; véi truc tung c6 don
vi do dB va truc hoanh la tan s6 quét dai tir 77,05MHz dén
77 55MHz. Két qua do dugc hién thi trén hinh 7.

FieldFox RF Analyzer nes12A 4GHz

KEYSIGHT ~
st .t e T

& (1 Tus, 17 Apr 2018 9:38:3PM

K&t qua do gia tri S;; clla budng céng hudng cé thé rat
ra mot so két luan sau:

- Vi tri cue ti€u clia S, tai tAn sd phat 77,3MHz cho thay
vi tri 1&p d&t cac bd phan trong budng cong huwdng da dang
vi tri. Budng gia t6c dd cong hwéng & tan sé nay.

- Gia tri cuc ti€u cda S;; do dwoc khodng -38dB tuong
dwong véi ty s6 cong sudt séng phan xa trén séng toi
khoang vai phan trdm. Biéu nay cho thay gan nhu toan bo
nang lvong séng téi RF da di vao budng cong huéng va
hiéu (’ng cong hudng da xay ra tai day.
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3. CHAY THO NGHIEM THIET Bl HIC-KOTRON13 SAU KHI
BAO DUGNG BUONG GIA TOC CONG HUONG

Sau khi bao duwéng cac bd phan bén trong budng gia
téc cong hwdng RF cla thiét bi HIC-KOTRON13, thiét bi da
dugc do gia tri trd khang khoang 50Q va gia tri S,; cuc tiéu
tai tdn s6 77,3MHz. Toan bo thiét bi dd dwoc van hanh
trong ché do san xuat dong vi phong xa *F thuyc. Céc diéu
kién bién cai dat cho thiét bi dugc md ta trong bang 2.

Bang 2. Cac thong s6 cai dét cho HIC-KOTRON13

STT Thong s6 cai dat Giatri Ghicha
1 | Dongnamchamtaotirtruong | 145240A | Vichinhchomoilan
ban bia
2 | Dong ARC-Current nudi nguon 121A
ion
3 | Nhiétdcai dat nudc lam mat Nhiét dd lam mét dao
dau rattr Chiller 13°C dong tlr 13°C- 14°C
4 | Cong sudt phat RF- Duty cycle 50%
5 Luu lvgng dong khi H,vao 7scem Chan khdng khi phét
nguon ion tia dat 7,1 x 10 mbar
6 | Diénapchospiddtdencong 8V~
sudt RF
7 | Dién &p chosoi dat den dién i BV~
IPA
8 | Nhiétdd phong Cyclotronva 20°C Cai ddt khi phat tia
phong diéu khién
9 | DO &m dat cho méy hit 4m tai 40%
phong Cyclotron
10 | Nhiétdo dot cho soi dot bom 320°C Chéan khong khi
khuéch tan dau khong phat tia dat
1,6 x10"mbar
_—
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Hinh 8. Phd bén bia vao thang 6/2019 sau khi bao duing budng gia toc
HIC-KOTRON13

Nhan xét: Tir ph6 ban bia hinh 8 ¢ thé rat ra mot s két
luan sau:

- DONg trung binh trén bia (Phé mau trdng) dat khoang
4T7pA. Gia tri nay 1a da dé san xudt dong vi **F trong ché do
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hoat déng binh thuong (Hoat dd khoang 1,2 Ci cho mai ca
san xuét trong 2 gio ban bia).

- Hé s6 nang lvgng RF séng t¢i chi thi trén hinh 8 dat
trén 90% va song phan xa chi thi khoang 2%. Phd nang
lvong séng toi va sdng phan xa la twong doéi 6n dinh. Gia tri
séng phan xa twong duong véi gia tri do S;; cla thiét bi
N9912A tai tan s6 77,3MHz |a -38dB.

- Danh gia chung la vi tri 13p dat cac bd phan trong
budng cong huéng gia toc la dat yéu cau cula thiét bi HIC-
KOTRON13.

4, KET LUAN

Bai bao nghién ctru phéi hop tré khang va xac dinh hé
s6 phan xa tr hé phan xa RF may gia téc cyclotron HIC-
KOTRON13 d&d duwgc nghién ctu va tién hanh cac thuc
nghiém trén co s& thiét bi N9912A. Hai thong s6 da duoc
xéc dinh sau khi 1ap dat budng céng hudng gia téc 1a tre
khang khoang 50Q va hé s6 phan xa RF tlr budng cong
hudng nhd hon 3% tai tan s6 77,3MHz. Clng voi viéc 1&p
dat ngudn ion PIG [6] thi day la cdng viéc ti€p theo cho viéc
lap dat budng cong hwdng clha thiét bi gia téc HIC-
KOTRON13. Thyc nghiém da xac dinh dwgc khodng cach
hai ban tu cda tu vi chinh khoang 1,57cm. Thyc nghiém
cling da nghién clru sv dnh huwéng clia nhiét dé nudc lam
mat tai su thay doi tré khang budng cong hudng. Két qua
do phé song phan xa thuc té RF tir budng cong hudng
khoang 2% cho thay s phu hop véi két qua gia tri do S, tlr
thiét bi N9912A. Sau khi bao duwdng dinh ky, thiét bi gia t6c
HIC-KOTRON13 da hoat dong binh thuong phuc vu qué
trinh san xuat déng vi *°F.
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