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NGUYEN LY HOAT BONG, LAP BAT VA XAC DINH
THUC NGHIEM CAC THONG SO KY THUAT NGUON 10N PIG
TRONG MAY GIATOC CYCLOTRON KOTRON13

THE PRINCIPLES OF OPERATION, INSTALLATION AND DETERMINATION
OF TECHNICAL PARAMETERS OF INTERNAL PIG ION SOURCE IN KOTRON-13CYCLOTRON

TOM TAT

Ngun ion mdy gia tc la noi tao ra cac hat tich dién phuc vu qua trinh gia
t6c hat tai budng gia toc. Ngudn ion duoc phan ra nhiéu loai khac nhau phu hop
voi cAc may gia tdc duoc st dung véi cac muc dich khac nhau. Ngudn ion theo
¢ong nghé PIG thudc loai ngudn cd cau tao don gian thich hop voi cac loai may
PET cyclotron dang dugc st dung nhiéu trén thi treong. May gia toc cyclotron
KOTRON13 duoc I&p dat tai Trung tAm chiéu xa Ha Noi thudc Vién Nang luong
nguyén tlr Viét Nam da si dung ngudn ion theo cong nghé PIG. May dugc ding
@€ san xuét duoc chat phong xa **FDG dling trong ky thuat chup anh PET/CT
nham chén doan bénh ung thu som.

Bai c4o nay trinh bay nguyén Iy hoat dong, Ip dat va xéc dinh cac thong s6
k§ thuét cho ngudn ion PIG trong méy KOTRON13. C4c thong s6 vé co khi Iap dét
vi tri ngudn ion, ngudn dién tao ving plasma, lvu lwgng dong khi hydro dua vao
nguon ion dA diroc xac dinh thuc nghiém nham dat duoc dong cuc dai trén biava
t6i tu hoat dong ctia KOTRON13.

Tir khda: PIG, Cyclotron, KOTRON13, **FDG, plasma.

ABSTRACT

Accelerators’ ion sources create electrostatic particles used in acceleration
chamber. There are several types of ion sources applicable to accelerators with
different purposes. The internal PIG ion source, thanks to its simple
configuration, is largely used in many PET cyclotrons. The KOTRON-13 cyclotron
installed at Hanoi Irradiation Center, Vietnam Atomic Energy Institute uses this
ion source. The radiopharmaceutical “FDG produced from KOTRON-13 center is
used for PET/CT in early cancer diagnostic.

This report presents the principles of operation, installation and determination
of technical parameters of KOTRON-13's internal PIG ion source. The position of
internal ion source, the ARC current of the ion source, the flow of hydrogen gas, etc.
are determined by experiment with the purpose of achieving maximum current on
target and optimalperformance for KOTRON13.
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1. NGUYEN LY HOAT BONG NGUON ION PIG
1.1. Gi6i thiéu vé may gia téc cyclotron KOTRON13

May gia t6c cyclotron KOTRON13 do hang Samyoung
Unitech ché tao dé san xudt dwgc chat phéng xa *FDG
dung trong ky thuat chan doan ung thw sém PET/CT [1].
May duoc I3p dat tai Trung tam chiéu xa Ha Néi thudc Vién
Nang lvgng nguyén ti Viet Nam. May gdm 3 bd phan
chinh: Nguén ion theo cong nghé PIG dung dé tao ion 4m
H', budng gia tdc vong va hé dan cham tia ra khdi may gia
téc hwéng téi bia. Hat proton duoc gia toc t6i nang lvgng
13MeV va dong trén bia dat té¢i 50pA. Trong thiét ké cla
KOTRON13, nguon ion dwgc dat tai vang tam clia may gia
téc st dung cdng nghé nguon PIG cathode lanh. Bai bao
nay trinh bay chi tiét vé ngudn PIG l&p dat trong
KOTRON13. Cac k¥ thuat khac cua cyclotron sé tirng buéc
dwogc cdng b6 trong cac bai bao sau.

— ]

Hinh 1. Hinh dnh may gia tdc cyclotron KOTRON13

1.2. Nguyén ly hoat ddng clia ngudn ion Penning
lonization Gauges (PIG)

Qua trinh tao ion Hydro trong ngudn ion PIG dua trén
hiéu (’ng ion hoa chét khi khi ban pha cta cac hat dién t

S649.2018 e Tap chi KHOA HOC & CONG NGHE | 71



CONG NGHE

vao nguyén t& khi hydro trung hoa. Nguon ion duwgc thiét
ké gdm 1 6ng anode hinh tru réng cung véi 2 cathode ndm
& hai dau 6ng. Toan bd nguoén ion duoc dat trong tir trvong
¢0 dinh B véi chiéu tir trudng xac dinh nhu hinh 2. Duéi tac
dung cla luc tlv, cac hat dién t&r chuyén déng xody tron tir
cathode dén anode duéi tac dung cla dién thé V, gilta hai
dién cuc nay. Chuyén dong nay cla céac hat dién t tao ra
mot vung plasma tai tam clia 6ng anode bao gom cac hat
ion am, ion duong, cac hat dién t& va cac nguyén t& khi
hydro trung hoa [3].

Cudn day tao tur truong B

Hinh 2. Cau tao co ban ngudn ion cdng nghé PIG

Nguon ion sir dung trong may KOTRON13 la nguon ion
am H-. Viéc tao raion am H dugc thuc hién theo 2 qua trinh
co ban sau [2]:

- Tao ra phan ti hydro & trang thai kich thich qua tvong
tac: e(~200eV)+H, > e+H,*

- Tao raion &m H dya trén tvong tac:

-e(~leV)+H*— H+H (1)

Trong vung plasma clia 6ng anode, nang lwgng clia cac
hat dién t& véi dong nang khodng ~200eV la diéu kién
thuan lgi dé trong tac sinh ra cac phan tir khi & trang thai
kich thich H,". Cac phan ti khi kich thich H,” nay dé dang
bat hat dién tir ddng nang thap khoang 1eV dé tao ra ion
amH.

Pé lam téng hiéu suét tao ion H', ngudn ion PIG thiét ké
thém mot I&p kim loai Cs trén bé mat cla cathodes. Viéc
tao ra H b6 sung dua trén qua trinh trong tac nhuw sau:

Cs+H->CsH->Cs"+H 2
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Qua4 trinh twong tac nay dugc goi la qua trinh tao ion
dwa vao hiéu (ng ion hda bé mat. Tém lai, qua trinh tao ion
am H trong vung plasma nguon ion PIG duoc tao ra la su
téng hop clia hai qué trinh: qua trinh tao ion &m H trong
thé tich vung plasma (1) va qué trinh tao ion dua trén sy ion
héa bé mat cathode (2).
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Hinh 3. Qué trinh trong tac ion hda b& mat tao ion am H hd sung

Céac ion am H duoc tao ra trong ngudn ion dugc kéo ra
ngoai du¢i tac dung cla dién trvong va dugc dua vao
budng gia téc.
2. LAP DAT VA XAC DINH CAC THONG SO KY THUAT
NGUON PIG
2.1. L&p d&t ngudn ion PIG vao may KOTRON13

Ngudn ion PIG dugc 1ap dat tai vang tam clia budng
cong huéng dién tir truong RF trong may KOTRON13. Khi
Iap dat ngudn ion PIG ta can phai xac dinh 2 théng s6 quan
trong: Vi tri ngudn ion theo khong gian 3 chiéu bén trong
budng cdng hudng va goc tao béi khe ra chum hat trén
anode va phap tuyén 2 dién cuc puller. Trong hé toa do bé-
Cac, vi tri ngudn ion theo truc Z dwgc xac dinh theo vi tri
gilta cGia khe hat ra nam trén mat phang trung tam quy dao
hat. Hai vi tri khéng gian theo chiéu X, Y xac dinh theo vij tri
L1-L2 va L3-L5 (hinh 4). Sy phu thudc dong ra clia may gia
toc vao vij tri dat ngqﬁn ion dugc tién hanh trong nghién
clru nay. So' do vi tri 1ap dat clia ngudn ion dugc mo ta trén
hinh 4. Thi nghiém duoc tién hanh véi 2 diéu kién cho moi
s0 liéu thuc nghiém:

- Tré khang budng cdng hwéng duwoc diéu chinh voi gia
tri 50Q tai tan s6 RF 77,3MHz.

- Chan khéng tai budng céng hudng khoang 2 x 107
mbar (Sau 2 ngay hut chan khong).

Gidi thich cac ky hiéu trén hinh 4;

L1: Khe trung tam ctia buéng cong hudng (Vi tri gbc)

L2: Mép trai ctia nguon ion

L3 : Mat phdng dau raion H clia chimney

L4 Truc trung tdm cta budng cdng hwéng.

L5: M&t phéng tao bdi mép ctia puller huéng vé budng
chimney (Vi tri gbc)

L6-L7: Khoang céch gitta 2 khe cda puler dugc cd dinh
2,1mm
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Hinh 4. Sodi vi trf IAp d&t ngudn ion PIG vao may gia tfic KOTRON13

2.1.1. Xac dinh méi quan hé gitta dong ra trén bia phu
thudc khoang cach gittaL1lval2

Khi tién hanh 1&p dit ngudn ion PIG vao budng cong
huéng gia téc RF, khoang cach tlr khe trung tam (Vi tri goc
L1) dén mép trai cda nguodn ion (Vi tri L2) anh hwéng lén
dén dong protons dén duwgc bia. Thi nghiém dugc ti€n
hanh voi cac diéu kién bién khac ciia KOTRON13 dwoc xac
lap tai bang 1.

Bang 1. Thdng s cai dat c6 dinh khi khao sat khoang céch L1va L2

cdng hudng RF duéi tac dung cla luc dién trvong. Khi dién
treong tai dién cuc puller gil c6 dinh, hiéu suat kéo cac hat
ion am hydro nay phu thudc vao khoang céch tir L3 dén L5.

Thuc nghiém dugc tién hanh bang viéc ting dan
khoang céch gilra L3 va L5 va do dong ra trén bia. Cac
thong s6 ky thuat khac ctia KOTRON13 dwoc cai dat gia tri
trong bang 2.

Bang 2. Thdng s cai dat ¢ dinh khi khao sat khoang cach L3va L5

T Thong s6 cai dat ¢ dinh Ponvido
1 Khodng cach L1va L2 175mm
2 Goc léch ctia puller va anode -1do
3 | Giatri Duty cyclecliaRF 35%

4 Luru long dong khi H,vao budng ion 9sccm
5 | ARC-Current ngudn nudi choPIG 1,27

T Thong s6 cai dat ¢d dinh Ponvido
1 Khoang cach tirL3 téi L5 2,5mm
2 Goc léch ctia puller va anode -1do
3 | Giatri Duty cycle ciaRF 35%

4 Liru lrgng dong khi H,vao budng ion 9sccm
5 | ARC-Curent ngudn nudi cho PIG 12A

Thuc nghiém dugc tién hanh bang viéc tang dan
khoang céch gilra L1 va L2 va do dong ra trén bia. Cac
thong s6 k¥ thuat khac ctia KOTRON13 duoc cai dat gia tri
trong bang 1.
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Hinh 5. Dang trén bia phu thudc khoang cach tir khe clia budng cong huéng
dén mép tréi nguon ion

Nhan xét: Tir do thi thyc nghiém hinh 5 nhan thay,
khoang cach gitra khe trung tam clia buéng cuéng huéng
va mép trai clia nguoén ion la 17,5mm thi dong ra trén bia
dat gia tri cao nhat khodng 32pA.

2.1.2. Xac dinh m6i quan hé gil*ta dong ra trén bia phu
thudc khodng cach gitta L3 va L5

Khi cac ion H duoc tao ra tai vung plasma trong 6ng
anode thi dién cuc puler cé nhiém vu kéo cac ion H nay ra
khaéi nguodn ion va huéng chum hat nay vao budng gia téc

Khoang cach tir L3-L5 (mm)

19 23 23 25 27 29 31 33

Dong trén bia (MicroAmpe)

Hinh 6. Dang trén bia phu thudc khoang cach gilta khe ra clia anode va gitra
2 mép cliapuller (L3 dénL5)

Nhan xét: Tir do thi thyc nghiém hinh 6 nhan thay,
khoadng cach gitra khe ra clia anode va gitta 2 mép cula
puller la 2,6mm thi dong ra t¢i bia la cao nhét.

2.1.3. Khao sat goc tao béi khe ra clia anode va phap
tuyén 2 dién cuc puler

Nhiém vu clia dién cuc puler la hat cac ion am H sau khi
dugc tao ra trong vung plasma cla 6ng anode dé dua
chung vao buéng cong huéng gia téc. Thi nghiém nay
khao sat s phu thudc dong trén bia véi goc tao béi khe ra
cla anode va phap tuyén cta puller phuc vu qua trinh xac
dinh vi tri khéng gian cla anode. Thi nghiém duoc tién
hanh véi cac diéu kién bién ctia KOTRON13 duwgc xac lap tai
bang 3.

Bang 3. Thong so cai dat khi khao sat sy phu thudc dong trén bia vao géc
gittakhe raanode vaphép tuyén ctia puller

T Thong s6 cai dat cd dinh Ponvido
1 Khodng cach L1va L2 175mm
2 Khodng cach L3va L5 2,5mm
3 | Gidtri Duty cyclecliaRF 35%

4 Luru lrong dong khi H,vao budng ion 9sccm
5 | ARC-Current ngudn nudi choPIG 1,27

Thuc nghiém duoc ti€én hanh bang cach quay anode
xung quanh vi tri géc 0° (Géc 0° la géc ma bdi khe ra clia
anode va phap tuyén cua puller la tring nhau). K&t qua thi
nghiém duwgc mo ta trén hinh 7.

S649.2018 e Tap chi KHOA HOC & CONG NGHE | 73



CONG NGHE

74

(MicroAmpe)

Dong trén bia

R .Gécv tao bm khe Aﬁode va phap ru)en éulier ®o)

-8 -25 -2 15 o ) -05 0 05 1 15

&
n

Hinh 7. Dong trén bia phu thudc goc gitta khe ra anode va phap tuyén ctia
puller

Nhan xét: Tr d6 thi thuc nghiém hinh 7 nhan thay, géc
tao bai khe ra clia anode va phéap tuyén ctia puller khoang
-1 d6 thi dong ra t6i bia la cao nhét.

2.2. Nghién ctru sy phy thudc dong ra trén bia vao lvu
lwgng dong khi H, va ngudén nudi ARC- Current cla
KOTRON13

2.2.1. Sy phu thuéc dong ra trén bia vao lvu luvgng
dong khiH,

Hai thong s6 dau vao anh huéng truc ti€p dén qua trinh
tao plasma trong 6ng anode la lvu lwvgng dong khi H, vao
nguodn ion va dong ngudn nudi mot chiéu arc current cla
PIG. Trong thiét ké ngudn ion PIG cla may gia toc
KOTRON13, tir trvong B ¢6 dinh v&i hwéng doc 6ng anode
nhw hinh 2, tao chuyén dong xody tron cac hat dién ti tir
cathode dén anode.

Thoéng s6 hoat dong clia may gia toc khi khao sat sv phu
thudc ctia dong khi hydro vao PIG:

- Gia tri RF Duty Cycle: 60%

- Dong arc current; 1,2A.

- Dong nudi cda cudn day nam cham: 145,340A

- Gia tri thé gia toc: 40kV.

- Chan khéng may gia téc: 1,5.107 mbar.

Béng 4. S phu thudc ctia dong trén biava lu lrgng khi hydro vao ngudn ion

STT | Luulwgngdong |Dong ratréncarbonfoil | Dong ratrénbia
khi H, (scem) (HA) (UA)
1 3 102 41
2 4 17,6 6,7
3 5 417 156
4 7 82,2 34
5 9 98,6 395
L
I <
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Luu lwong dong khi hydro (sccm)

2 3 4 5 6 7 8 9 10 1

Hinh 8. Sy phu thudc clia dong ra trén bia vao lvu lvgng dong khi hydro
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Nhan xét; Khi ta tang lvu lwvgng khi hydro vao nguén ion
thi dong ra trén bia sé tang dan. Véi lvu lvgng dong khi tir
3 dén 9 sccm, dong ra trén bia tang lién tuc (hinh 8).

Thuc nghiém cho thay khéng thé ting lvu lugng dong
khi I6n hon 10 sccm vi khi d6 chan khong tai budng gia toc
I6n hon 5x10° mbar rat dé gay hién twong phong dién
trong budng gia toc.

2.2.2. Sy phu thudc dong ra trén bia vao nguén nudi
arc-curent

Ngudn ion PIG duoc nudi bang ngudn nudi 1 chiéu dién
ap 2,5kV va dong ra dén 2A. Cac hat dién t& phat ra tir
cathode chuyén dong dén anode duéi tac dung cla dién
trvong gay ra hiéu ¢ng ion hoéa cac phan ti khi hydro.
Dong dién 16i ra cla ngudn dién 1 chiéu (Ky hiéu arc-
current) duoc diéu khién theo gia tri dat trudc dén 2A. Thi
nghiém nay duoc tién hanh bang céach thay déi dong arc-
current va do dong ra trén bia theo hai gié tri lvu lugng
dong khi hydro Ia 3 sccm va 5 scem.
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Hinh 9. S phu thudc clia dong ra trén bia vao dong ngudn nudi arc-current

Nhan xét: Khi dong arc-current tdng thi dong trén bia
cling tang theo. Dong trén bia cd xu thé tang cham khi
dong Arc trén 15A. Gi¢i han cho dong arc-current tai
KOTRON131a2,0 A (hinh 9).

3. CHAY THU NGHIEM KOTRON13 VOI CAC THONG SO
NGUON PIG BUQC XAC BINH TU THUC NGHIEM

Cac thong so k¥ thuat co ban clia KOTRON13 duoc cai
dat theo gié tri tdi vu theo thuc nghiém dwgc mo ta trong
bang 5. Cac thong s6 vé lap dit vi tri ngudn ion dwoc st
dung tlr cAc nghién cltu trén. Dong ra trén bia dwoc ghi
nhéan theo gia tri tang dan cla duty cycle tir 0 dén 70%.
Dong ra cao nhét trén bia dat t¢i 60 pA (hinh 10).

Bang 5. Tong hop céc thdng so cai dat cho KOTRON13

STT Thong so cai dat Giatri Ghicha
1 | Dongnamchdmtaotirtrudng| 145,350A
2 | Dong ARCnudi ngudn ion 1,5A
3 | Nhiétdo lam mat dau ra tir 14°C
chiller
4 | Cong suét phat RF- Duty cycle 60% RF Forward dat trén 95%
5 | Luulwgng dongkhi H, 9sccm
6 | Dién &p cho soi dot den 8V~
cong suat RF
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7 | Dién &p cho soi dot den BV~
dién tir IPA TAI LIEU THAM KHAO
8 | Nhiét do phong Cyclotron 22°C Khi phét tia [1]. Reference manual of cyclotron KOTRON13.
vaphong diéu khién [2]. The Series 4/3N Injector Training Course at IBA, (1.1. A Brief Guide to the
9 | D am dét cho may hit 4m 40% Formation of H- lons); 2-3
10 | Nhiét do dot cho soi dét 320°C Chéan khang [3]. http://en.wikipedia.org/wiki/Plasma_parameters
bom khuéch tan dau 2x 107 mbar [4]. Peter Spaditke, BEAM FORMATION: 15-16

[5]. 2010, Byung Chul Lee, Hong Jin Lee, Intensification of the KOTRON-13
Cyclotron by Optimizing the lon Source.

Hinh 10. Dong trén bia ghi nhan duoc véi cac thong s6 cai dat tai bang 5 va
cac thong s6 i tri khdng gian PIG theo nghién ciru nay véi gia tri Duty Cycle tang
dan dén70%

Nhan xét: Cac théng s6 xac dinh bang thuc nghiém cho
hoat dong ctia KOTRON13 Iap dat tai Trung tam chiéu xa
Ha N6i da cho dong ra trén bia dat gia tri téi 60 pA. Gid tri
nay la twong dwong véi cac nghién ctru tai Vién Y hoc va
phéng xa KIRAMS ctia Han Quéc [5].

4. KET LUAN

Bai b&o trinh bay nguyén Iy hoat dong, Iap dat va tién
hanh thyc nghiém xac dinh cac thdng s6 k¥ thuat cho hoat
dong clia ngudn ion PIG trong may gia téc KOTRON13. Cac
ion am H dwoc sinh ra trong ving plasma clia 6ng anode
theo 2 hiéu ng co ban: Sy két hop gilra cac hat dién ti
nang lvgng thap voi cac nguyén ti hydro & trang thai kich
thich va hiéu (rng ion héa bé mat cia nguyén t6 Cs trén bé
mét cathode do H trung hoa tao ra. Viéc 1ap dit, xac dinh vi
tri khéng gian 3 chiéu ctia nguoén ion PIG dam bao dong ra
trén bia la cao nhat va tr& khang cla budng gia toc RF la
50Q. Két qua da xac dinh dugc khoang cach gitra L1, L2 la
17,5mm vaL3,L5 la 2,6mm. Mai lién quan gitta dong ra trén
bia va cac thdong s6 dau vao cla PIG nhu lvu lwvgng dong
khi H, va dong nguon nubi arc-curent cling da dwgc khao
sat chi ti€t. K&t qua la voi cac thdong s6 cai dat cho
KOTRON13 nhu bang 5, dong ra trén bia dat gia tri cao nhat
la 60pA. Thie nghiém cho thay véi dong trén bia 40uA sau
2 git bén bia, hoat dd phong xa °F dat 2,2 Ci d dung cho
2 may PET/CT trong 1 ngay hoat dong. Cac khao séat chi tiét
hon vé PIG sé dwgc dang tai trong cac dn pham tiép theo.
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