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Tom tat: May gia téc cyclotron HIC-KOTRON13 thudc nhitng thé hé dau
trong dir 4n vé phat trién may PET cyclotron tai Han Quéc, duoc san xuét tai
cong ty SAMYUONG. Thiét bi thudc loai cyclotron c6 tir trudng va tan sé dién
truong RF ¢b dinh. Tir trudng thay ddi theo goc phwong vi gdm 4 sectors. May
KOTRON13 dugc hoan thign va phat trién di theo 2 huéng: Thay doi vé cu
tric cac bo phan cua cyclotron va phat trién hé théng dién tir . Ngudn ion dit tai
vling tdm may da phat trién vé& cAu hinh cua ngudn va vé hinh dang Anode.
Hinh dang, cdu tao viing tm ctia may gia toc ciing dugc thay doi theo thiét ké
méi. Bia long va hé thong 1am mét bia dwoc phat trién theo 3 cip do khéc nhau
phu thugc vao dong trén bia. Hé dién tir cling co sy phét trién lién tuc nhu hé
théng diéu khién bia nuéc H,0" s dung k¥ thuat didu khién logic c6 thé l1ap
trinh (PLC), hé thong do dong chum tia trén 4 tim che chan xung quanh bia
theo nguyén ly Faraday ban phang,..Sau khi nang cidp KOTRON13, céc thé hé
may PET- Cyclotron thé hé moi ciia Han Québc da dat dugc dong trén bia toi
120 pA. Trong ché do chay tiéu chuan , dong trung binh dat 75 PA, sau 2 gio
ban bia hoat do phéng xa *°F dat t6i 4 Ci. Béo c4o nay trinh bay cac thay ddi
cua KOTRON13 thé hé hién nay so vai cac thé hé dau va dé& xuat phuong an
hoan thién HIC-KOTRON13 nham nang cao hiéu qua qua trinh san xuat dong
vi phong xa 18 tai Trung tdm chiéu xa Ha Nai.

Tir khda: KOTRON13, Bia nuéc H,0'", PET- Cyclotron, Ngudn ion PIG, Hé diéu
khién PLC, Bong vi phdng xa ‘*F
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Abstract. The cyclotron HIC-KOTRON13, belongs to the first generation of
Korean PET-Cyclotron, was made by SAMYUONG-manufacturer. Its magnetic
field and RF-source frequency are fixed. The azimuthal varying magnetic field
is created by 4 sectors. The two ways for upgrading KOTRON13 were applied,
namely the changes in structure of cyclotron components and electronic system.
The ion source installed in central region of cyclotron is developed by changing
the configuration and shape of anode. The central region of cyclotron was
changed for the new design. The liquid target and cooling system for target
were developed for 3 levels of beam current. The electronic systems were
developed continuoslly such as the PLC to control liquid H,O® target system,
the plate Faraday cup to measure beam current of 4 collimators around target,..
After upgrading the KOTRON13, the new version of Korean PET-Cyclotron
can get the beam current on target up to 120 pA. For routine operation, the



average beam current on target is 75 pA. After 2 hours of bombarment, the
radioactivity of radioisotope *°F achieve 4 Ci. This report presents the changes
in new version of KOTRON13 in comparison to first one and proposes the
measures to upgrade HIC-KOTRON13 in order to get better effectiveness in *F
radioisotope production.

Keyword: KOTRON13, Liquid target H,O', PET- Cyclotron, lon source PIG,
Control system PLC, Radioisotope “®F.

1. Giéi thiéu vé may gia téc cyclotron HIC-KOTRON13

May gia toc cyclotron HIC-KOTRON13 do hing Samyoung Unitech ché tao dé san
xuit duoc chat phéng xa **FDG dung trong ky thuat chudn doan ung thu sém PET/CT [1].
Méy dugc lap dat tai Trung tam chiéu xa Ha Noi thuoc Vién Nang lugng nguyén tir Viét Nam
thuoc thé hé dau do Vién KIRAMS thiét ké véi tén goi 1a KIRAMS13 [2]. Céu tric chinh cua
may bao gom [3I: Ngum ion theo céng nghé PIG dung dé tao ion am H’; Budng gia téc cong
huong RF tan sb ¢ dinh 77,3 MHz va hé tach cham tia ra khoi may gia toc hudng tai bia theo
ky thuat Stripping Foil. Chim proton duoc gia téc téi nang lwong 13 MeV va dong trén bia
dat t6i 50 pA. Ngudn ion bén trong may va dugc dat tai vi tri ving tam cua may gia toc. B&o
cao nay trinh bay cac busc nang cip may KIRAMS13 da duoc tién hanh tai Han Québc va dé
Xuat phwong 4n nang cip may HIC-KOTRON13 tai trung tdm chiéu xa Ha Noi trong thoi
gian tai.

Hinh 1: H‘lrhAénh may gia toc cyclotron HIC-KOTRON13
2. Qué trinh nang cap may KIRAMS13 tai Han Quéc.

May gia toc KIRAMS13 thé h¢ dau cau tric con chura hoan thién, cac thong s6 ky
thuat ctia may con han ché [3]. Mot s6 théng s6 k¥ thuat caa may thé hé nay dugc mo ta trong
bang 1.



Bang 1: Mot s6

thong sb ky thuat cua KIRAMS13 thé hé dau.

Ngudn ion Loai nguon Nguon PIG cathode lanh
Loai ion 16i ra lonam H’
Tr troeong Hinh dang Dang chtt H
S4 cuc sector 4
Buong kinh cuc sector 0.96 m
Kich thuace vang Hill / Valey 5/14cm
Tu treong vung Bmax(Hill) / Bmax(Valey) 192/084T
Dong cudn day nam cham 466 A
Cong suét tiéu thu 36 kW
bién tir truong Tan s6 77,3 MhZ
RF Hé sé Hamonic 4
S6 dién cuc Dee 2
Goéc Dee 39°
Dién ap gia tdc trén Dee 45 kV
Téch hat khoi Loai Striping Carbon Foil
may gia toc Nang lugng proton ra 13 MeV
Cuong d6 dong ra 10 pA

May gia toc KIRAMS13 di timg budc dugc hoan thién va nang cap. Qua trinh nang cap
duoc tién hanh qua cac budc: Tinh toan cau hinh va cac thong sé cua céc thiét bi bang phan
mém md phong; Thiét ké, ché tao céc thiét bi cdu thanh; Lap rap va hoan thién thiét bi gia toc.
Mot s6 phan nang cap hoan toan thyc hién bang thuc nghiém. Phan sau day gisi thiéu mot s6
nang cip da duoc cong bd tai cac hoi nghi khoa hoc cia Han Qubc vé may gia toc
KIRAMSl3
2.1 Nang Cap nguan ion PIG may KIRAMS13.

NgUOn ion cong nghé PIG thudc loai ngudn cé cau hinh don gian. Cau tao cua ngUOn
PIG gom 1 6ng Anode hinh try va 2 Cathode dit tai 2 phia Anode. Qua trinh ion hoa chat khi
duogc tao ra nho dién thé chénh léch giita Anode - Cathode va ngudn ion nay dit trong tir
truong B ¢6 hudng trung vai truc Anode. Trang thai Plasma tao ra mot vung ion hda cé mat
d6 cao tai thm cua Anode bao gom céc ion 4m, duong, cc hat dién tir va cac phan tir khi
trung hoa.
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Hinh 2: Céu trac nguon ion PIG thé hé dau (Bén trai) va thé hé mai (Bén phai)

Mot s6 cai tién, nang cAp ngudn ion cong nghé PIG trén may KIRAMS13 [4].
2.1.1 Téi wu hoa kich thuéc cia Arc hole va Anode.

Céac nghién ctru tap trung vao xac dinh kich thudce téi wu cua Arc hole va duong kinh
Anode. Thi nghi¢m duogc tién hanh véi viéc xac dinh sy phu thudc cua dong trén bia vao
duong kinh Arc hole tir 3 dén 9 mm va duong kinh Anode tir 6,34 dén 9 mm. Két qua di xac
dinh duoc kich thude toi vu duong kinh ctia Arc hole 1a 7,5 mm va duong kinh tdi wu cua
Anode 1a 8 mm. Thi nghiém duoc tién hanh véi cac diéu kién: Gia tri Duty Cycle 60%; Luu
luong dong khi hydro vao ngudn ion 13 6 sccm; dién thé giita 2 dién cuc Anode-Cathode 1a
2,5 kV.
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Hinh 3: Dong trén bia phu thudc vao duong kinh Arc Hole va duong kinh Anode.
2.1.2 Cai thién tudi tho cua Cathode

Thé hé dau ciia ngudn ion PIG may KIRAMS13, ctra nap khi Gas inlet (Hinh 2) dugc
dat & phia dudi. Cac nghién ctru da danh gia tudi tho ciia Cathode dya vao cac vi tri cira nap
khi Hy tai cac vi tri trén, vi tri dudi va vi tri ca trén va dudi. Két qua 1a tudi tho Cathode dat
to1 25.000 phut voi ctra nap khi ¢ vi tri trén dinh, 5.000 phut véi vi tri cua nap cé 2 phia trén,
dudi va 3.300 phut voi cura nap khi vi tri phia du6i (hinh 4)
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Hinh 4: Tudi tho ctia Cathode phu thudce vi tri ctra nap khi hydro.
Thi nghiém duoc tién hanh trong mot thoi gian dai véi diéu kién: Mot ngay 2 1an chiéu xa 180
phut; dién ap Anode-Cathode la 2,5 kV, dong trén bia 50 pA,..).

Tom lai viéc nghién ciru thay d6i cau hinh ngudn ion, kich thude dudng kinh Arc hole va
duong kinh Anode da cho phép tang dong ra trén bia va kéo dai tudi tho ctia ngudn ion PIG
no6i chung. Céac nghién cru vé ngudn ion nay van con tiép tuc nhu hinh dang Anode, kich
thudc khe 1ay ion ra tir Anode,..

2.2 Thay d6i cu tric vang 16i cia KIRAMS13.

Co thé xem may gia toc cyclotron bao gdm nhiéu phan véi cac chirc ning khic nhau:
Ngudn ion ding dé tao ra cac ion phuc vu qué trinh gia toc, budng gia téc co chirc ning gia
tdc cac hat ion t&i nang luong xac dinh, phan lay hat ion da gia téc ra khoi may va hudng
chum hat nay t61 bia,.. Gilra cac vung chirc nang nay co cac thiét bi giup hiéu suat sir dung
chum hat Ia cao nhat. Ciu trac vung 161 may gia tbc KIRAMS13 chinh 1a vung dém tao hi¢u
suét sir dung hat ion sinh ra tir nguon ion di toi budng cong huong vai hiéu suat cao nhat. Vé
mat ly thuyét khai niém khong gian pha (Phase Space) 1a khong gian 2 chiéu: Mot chiéu 14 vi
tri 3 chiéu cta chum hat (Vi tri toa d6 x,y,z trong khong gian toa do dé cac va mot chiéu 1a
xung luong cua hat. P& c6 hiéu suit st dung chum hat ion cao, phan dién tich Beam



Emitance ctia chum hat 16i ra tir ngu6n ion va Acceptance ciia budng gia toc trong khong gian
Phase Space 1 phai tring nhau nhiéu nhit. Ban chét ving 18i may gia tbc KIRAMS13 1a cung
cip xung lugng phi hop cho céac hat ion ra khoi ngudn ion PIG va huéng hat téi vi tri phu hop
v6i budng cong hudng.

220,00

Hinh 4: Cau trac ving 16i may gia toc KIRAMS13 ban dau (Bén trai)
va sau khi dugc nang cap (Bén phai).

CAu hinh cua vung 161 da dugc thay ddi vé hinh dang, vi tri va kich thudc cac dién
cuc,..Sau khi thay doi, di tién hanh thyc nghiém do dong ra trén bia may gia tbc KIRAMS13
va ghi nhan két qua tai bang 2.

Bang 2: Dong trén bia ting khi thay d6i cau hinh viing 16i cia KIRAMS13.

Céc thong so cai dat KIRAMSI13 Dong trén Stripper Dong trén bia
khi lam thi nghiém
Cau hinh cii | Gi4 tri Duty Cycle: 30% 6 LA 3uA

Luu luvgng dong khi Hy: 3sccm

Gia tri Arc current: 0,3 A

Cau hinh | Gia tri Duty Cycle: 30% 20 pA 8 LA
mai Luu luvgng dong khi Hy: 3sccm

Gia tri Arc current: 0,3 A

Tom lai: Viéc thay ddi cdu hinh ving 186i may KIRAMS13 di lam ting dong ra trén bia véi
cung mot thong sb ky thuat cai dit. Co thé danh gia cAu hinh méi nay di 1am ting hiéu suit st
dung hat ion 4m hydro phét ra tir ngudn ion PIG cila dau vao budng cong hudng gia tbc mot
cach dang ké

2.3 Nang cap hé thong bia cho may KIRAMS13.

Hé thdng bia bao gdm budng chira miu nudc ning HgO va he thong gia d&, hé lam

mat bia,.. Tai day khi chum proton nang luong 13 MeV ban pha mau nudc ning s& gay ra
phan tmg hat nhan hop phan “°0(p,n)**F ddng thai tao ra nhiét do, ap sut cao trong bia. Hé
thdng bao vé ap suat cao va lam mat bia caa may KIRAMS13 di duoc phat trién qua 3 thé hé
tuong tng véi cuong dé dong trén bia khac nhau.
Thé hé dau: Cu tao bia c6 dang hinh tru véi vat liéu cira s6 Titanium mong 50 pm. Cira s6
Titanium duoc han ¢b dinh véi gia d& kim loai budng bia. Hai phia cira s6 1a cac gia d& bang
nhdm vai cac 15 hinh luc gi4c trén bé mat. Thé tich bia chta dwgc 27 ml nuéc mau. Nudc
lanh 1am mét bia tir 2 phia: Phia trudc nudc chay bén trong miéng d& bang nhdm va phia sau
nuéc phun tryc tiép vao cira s6 bia. Bia loai nay cho phép dong téi da trén bia dat t6i 50 pA.
CAu tao va nguyén ly hé 1am mat thé hé dau cua thiét bi dugc mé ta trén hinh 5 [6].



i Nudc vao

Chum hat proton

Nuwéce ra

Hinh 5: Hé théng bia thé hé dau cua KIRAMS13.
Hé bia mau thé hé 2: C6 ciu tao co ban gan gidng thé hé 1 song da nang cap vé ciu tric bia
va hé lam mat. So véi thé hé dau hé thong bia nay di co 2 thay doi co ban: Luu luong nudc
1am mat cao hon thé hé dau cho phép tai nhiét trén bia tét hon va ctra s6 Titalium duoc dan
véi budng bia cho phép cé thé thay ctra s6 nay khi bao hanh thiét bi. Vi thé hé nay cua hé
lam mét, dong trén bia cd thé dat toi 90 pA. Hinh anh hé 1am mat thé hé 2 duoc mo ta trén
hinh 5 (Bén tréi).

Hinh 5: Hé thong bia thé hé 2 (Bén trai) va thé hé 3 (Bén phai).

Hé bia mau thé hé 3: Hé nay dugc mé ta trén hinh 5 (Bén phai). So véi thé hé 1, loai nay c6 2
cai tién co ban: Tang luu luong nudc 1am mat Ién bia, ting cuong lam mat bang khi heli. Cau
tric bia ciing gidng thé hé 2 1a ctra s6 duoc dan vao budng bia gidp thuan loi khi thay thé cua
s6 khi bao hanh thiét bi. V&i hé bia mau loai ndy, dong trén bia cd thé dat t6i trén 100 pA.

3. Pé xuit phuwong phuong an nang cap HIC-KOTRON13.

May gia tc HIC-KOTRON13 lap dit tai Trung tdm chiéu xa Ha noi thuoc thé hé dau caa
thiét bi gia toc KIRAMS13. May chua dugc hoan thién vé ciu triic co khi va hé dién tir diéu
khién. Viéc hoan thién, nang cap may HIC-KOTRON13 dya trén mét sb tiéu chi sau:

- My hoat dong 6n dinh, d& van hanh, bao dudng,..

- Nang cao néng lyc san suit dong vi phong xa ‘°F bing cach ting duoc dong trén bia.
Dé thyc hién duoc cac yéu cau trén, nhém tac gia dua ra mot phuong an kha di co thé tung
budc thuc hién trong thoi gian téi.

3.1 Nang cap hé chuyén mau nudc.

Khéi diéu khién chuyén miu nudc thuc hién 3 chic nang co ban: Nap mau nuéc tir lo
chira vao bia, chuyén mau nudc chua ddng vi phdng xa *°F tir bia sang bo tong hop **FDG va
thuc hién chic ning rira hé théng bia, duong 6ng dan mau nude. Hé nay hién tai hoat dong
thi céng qua cac cong tic Tat-Bat 2 trang thai. Van hanh hé thong nay mat nhiéu thoi gian va
dé gay ra céc sai sot. Phuong an dé& xuat nang cap hé nay la thay hé méi diéu khién ty dong
toan bo bang PLC. Pé thyc hién cac chirc nang trén, van hanh mdi chic ning chi can bam 1
nat trén man hinh cam tng hozc mot phim bam trén mat may. Khéi nang cap nay phuc vu cho
viéc van hanh thiét bi chuyén mau nuéc dé dang hon.



3.2 XAy dung hé dién tir xac dinh vi trf chum hat tir may gia toc toi bia.

Thong thuong, hé dan dong tir may gia téc dén bia déu c6 hé quan sat, theo ddi cham hat.
Céc thong sb can theo ddi nhu cuong do, vi tri, kich thudc chum,..Hién tai may
HIC-KOTRONS13 chwa c6 hé thdng nay. Xay dung hé dién t xac dinh vi tri chum hat t&i
bia gitp cho viéc diéu chinh thong sb vi tri co khi mot s6 bo phan may gia toc thuan loi hon,
dat dugc muc tiéu dong trén bia la cao nhat.

Cau hinh hé dau do bao gdbm 4 tdm che chin xung quanh bia. C4c tim chin nay duoc
xem nhu dau do dong FARADAY ban phing. Can ct gia tri dong trén 4 dau do nay, c6 thé du
doan vi tri dong trén bia va thuc hién cac thao tac diéu chinh céc thdng sé co khi may gia tbc
nhu vi tri mat phang trung tdm cua dong ion 15i ra ngudn ion PIG, vi tri géc pht hop cua
Stripping Foll,..

3.3 Nang cap hé bia mau va hé lam mat cho bia.

Mudn nang cao nang lyc san Xuit dong vi phéng xa '°F, can phai ting dong trén bia. Hé

lam mét ciing can duoc nang cap dua theo céc tiéu chi sau:

- Viéc bao dudng bia, thay bia phai dé dang, thuc hién ngay tai Trung tam.

- Viéc lam mat hé bia mau ciing don gian khong can cac diéu kién dac biét nhu nhap khau
khi heli l16ng, lap dat thiét bi 1am lanh heli 16ng b sung,..

Véi cac tiéu chi nay thi phuong an nang cap hé 1am may thé hé 2 1a thoa man: Bia mau c6
thé thay thé cira so Titalium ngay tai Trung tam, chi lam mat bang nuéc, dong trén bia téi da
dat 90 pA. Trong ché d6 hoat dong binh thudng véi dong 75 WA, sau 2 gio ban bia, hoat do
phéng xa ‘®F dat t6i 4 C;.

4. Két luan.

May gia toc HIC-KOTRON13 Ia thiét bi R&D do Han Qudc hd trg van dang trong
quéa trinh hoan thién vé mat ky thuat. Béo cdo nay trinh bay céc théng sé ki thuat hién tai caa
HIC-KOTRON13, cac cdng viéc nang cap thiét bi gia toc PET-Cyclotron dd dugc thuc hién
tai Han Qudc va dé xuat cac phuong an nang cdp HIC-KOTRON13 véi muc dich nang cao
nang luc san xuit ddng vi phéng xa *°F theo kha nang thyc té cia Trung tdm chiéu xa Ha Noi.
Xay dyng hé chuyén mau nudc tu dong trén co sd PLC va hé quan sat theo ddi vi tri chum hat
t6i bia gilp viéc van hanh, diéu chinh vi tri co khi cia HIC-KOTRON13 thu4n tién hon trong
qué trinh bao dudng, stra chita thiét bi. Nang cip hé bia mau va hé 1am mat bia lam tang thém
nang lyc san suat ddng vi phong xa *F. Ngoai ra cac cong viéc trén con gidp nang cao trinh
d6 can bo vé diéu khién tu dong, vé cong nghé gia toc hat tich dién.
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