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ABSTRACT

The KOTRON-13 cyclotron was manufactured by Samyoung Unitech as the second generation of the

KIRAMS-13 cyclotron after its technology was transferred from the Korea Institute of Radiological and
Medical Sciences in South Korea. Its prototype was installed at Seoul National University Bundang Hospital
as part of a distributed network of regional cyclotrons with the support of a grant from the National Research
Foundation of Korea. However, its initial condition has limited capacity to extract a relatively low beam current
and to produce carbon-11. In this review, we provide an introduction and overview of the current state of the
KOTRON-13 cyclotron, which was successfully upgraded by carrying out various modifications and optimiz-
ing the carbon-11 target system. J Radiopharm Mol Probes 1(2):88-94, 2015
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Figure 1. Profile and schematic of the KOTRON-13.
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Table 1. Results of beam extraction experiments for various internal diameters of the anode” A
Chimney (Internal diameter, mm) 6.3 6.8 7.0 75 8.0 9.0
Beam current (pA) 38 42 42 45 50 49

¥The beam extraction was carried out on a dummy target with a RF power of 12 kW, a gas injection of 6 sccm, an arc voltage of -2.5 kV, and an arc current of 1.2 A.

Replaceable tyep for front and rear-foil

Figure 3. Improvement of fluorine-18 target.

Table 2) Results of beam extraction experiments for various slit length of the
anode®

Slit length, (mm) 3 4 5
Beam current (uA) 35 40 40
¥The beam extraction was carried out on a H
dummy target with a RF power of 12 kW, a gas

injection of 6 sccm, an arc voltage of -2.5 kV,
and an arc current of 1.2 A.

.

740l 8 mmY A7t 7Y =2 B AYER] 50 UAE
=3RS golsth(Figure 2, Table 1).

et e HlolHE 7|HtC 2 anoded] §J+= slit 27|
(71& 4 mm)&= ¥4 AFste] SYE= Y AUES 3
7¥obe AS sk, old slite] =7]= 3 mm
MU 4 EE 5 mmol 4 ¥ ARES F71E T A
< ERISFTHTable 2).

ST Figure 204 Eo5= ion source UH-of 355

90 J Radiopharm Mol Probes Vol. 1, No. 2, 2015

B
el
o
2
g
=
]
&
1o
>
ol
o
K
fu ®
N
1A
oL
<
=
@ o
N

WG Y WA g 50459]).

Ton source®| 22|38} 2}¢fo] oo} 7]&2] &4x-18 B}
gride} ElAle] A e epl-foil S WASACE 712
30 pAS) W] A-ES] S AlzbE E4-18 B Al AE
& Yadel= ® A]EREE(120 pA)ol= BlEEH 0
ek webd, S71E W A-REES divlste] gle] d
Wtd i mabAQl Wzke ffsl B2 gride] mofe W
i 285 SN o Sle oAgd) ez wAs)

v

I 1



o, B grido] AL dFulE(Al) oA T2 (Cu)=
WA 71E9] =418 Bl AALS ElERE(Ti)ollA
d %é | =& youE(Nb)oz wA sk Al
sfoil 2 SF F G wA| FollA o wA Fom HAY
stelon, e Hely YeHEs AA HFAHoR
HAVAR (19 um)ollA 2% 9] 453 7?‘ S Zhlshict
(Figure 3).

AR ALO]E R EE9] jon source YILE|0]| =L} Bl X
A3t AAS E'<"3H H AUE= dummy EFZOA] SF 120
LAZHA] = o Q32 gelstgleon, A3 5418 &

A %*31’5}5— 70 uA BfollA 90+ FAMSIGIS T, E4
18] PARFS 27] 16 Cioll A 2347} B4 36 GiE

A 5 qdgick
EfA-11 EfZ A|AE)

Ak APIZRERS] 72 o] o2 o2 gy
o) ¥} &9 ZEN Sk Ao|th(Figure 2). 7]E9] &4
-18 B T4l ohE BlE B MRl B &Y 2
Tt gloks 22 o 29] 2418 ERAIEYE ofye} 5
3 ofUZ|Ql 13 MeV Afo|ZREZo|HA Bha-11 EP*‘
& =Y+ gl Yuidith 27] AAele @ A9
W &Y ZE dthof g P49 oF el Mgk A

HE RARE A ARl v°r°f‘°ﬂ/\1‘: g oAb F
I et g =

F

A JalAl Altstor 3t ol wol Akgo] ofHick. o]
ot FZ2A BAE QAlsta Al 411 Rl A|AH]

AL ARSIk T A Y B2 E

;&
e
ot
ok,
1>
lo

=9jo]¢ich

Bha-11 EAS] PAS Wk 7hach AAEE Bl
e AR e A G del YA
A w11 el Fkehe el MK sREA
VIE] BpokS WAL SRS o B gid 19
TR A WA 4 YRS shs WA Aule
Al BEoR tdrkFige 5). A4 Aule] HEe o

| 75 um®] Nb HPE}O] o)z5ha ;gé NAE } SN

Journal of Radiopharmaceuticals and Molecular Probes

Gate valve
8F-target =

i
‘ Cyclotron Chamber

C-target

Vacuum pump

Figure 4. Layout of a switchable target system: (A) installed gate valve,
(B) installed fluorine-18 (upper) and carbon-11 (bottom) target into slid-
ing-type equipment.
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Figure 5. Layout of (A) carbon-11 gas target (red: target grid, green: ni-
trogen cavity, blue: coolant cavity) and (B) water flowing on main body of
target.
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Figure 6. Schematics of target grid in the carbon-11 gas target.
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Figure 7. Tailor-made carbon-11 gas target.
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Figure 8. Optimization of [11C]CO2 production by varying the following conditions: (A) thickness of target foil (5% oxygen content in nitrogen gas, 30 LA,
10 min), (B) target loading pressure and beam current (0.0003% oxygen content in nitrogen gas, 10 min).
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Figure 9. The rate of operation of the KOTRON-13 cyclotron.
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