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(LINAC, Linear Accelerator)
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Beam !!
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Surgical Therapy Radiotherapy Chemotherapy
Cancer cells -
E-3 Medication
oo.". v
y P f* adhocmncn). y P W - ‘ * | —
Cancer cells are removed. The diseased parts are irradiated. Treatment by medication
Qitr= HEAL X = < olsta Y
[ALM X| 28 External Beam] [External BeamS O] 8 WAIM X| &)
T S5
HMX}7| 1} o
AL X-ray (4d71%7| 7| =)
Xt
Xt /A Xt
BEAM 8%t X EXIT.DOSE
S Xt

-
KERI




O

An

M

y
SAM AR =]

=

V-

R (QR7]|7] §5): WAMME
-UAX|Z27] 714 : 60 ~ 100 (1CH)

Electron beam —‘

MwaE T X}7| o} 2 T
Of 4| E& (Magnetron)
1.7 MW @ 36 kV, 88 A, 4 s
X of L X
> MX}7| ot 2

MwWE
Pulse Modulator

= 2877

LINAC (ME 715 7])
X 71 > 00| X| X-ray &4

I— Bending magnet

Beam filtering and
Dose measurement

Beam shaping

X-ray Beam
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MAI7}=7] (LINAC)
FHXL7| o} of| L K| > HXI 7h

RTES
(Electron Gun)

RF Of| L X|
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> ™R 715

LINAC 3 %1 7|
(Cavity)

RFOILX| &
@ =)
f X-ray

Target
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Monochromatic X-ray Beam Source

Cargo H| Tt HAFEA] 4+ & Bl mpa| HAPS K] MR/ X-ray 7S
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HIAIM QbR 27| 7| & Sigh

Power

Halcyon
(CT-LINAC)

LINAC X| 27|

3 MW

e

VERO
(CT-LINAC)

[HSYUAAX| 7]
- X-band Y E Z 3}

-aD GHRE

-ANX| 2 A=/ A2 S UFEH

x4
4D YA R & LINAC X 27|

=2 Brain Lab
OIE o

Varian MedicalAb 2= 0| ZH A SSE [ i R
2 MW Cyberknife - ”
-~ |
0| = varian Medical At ‘——%
2 Q5 ElektaAt —
(S-band Side Coupled) \ /
= A3t
HARM AKX 27| 2
1Mw 0| = AccurayAt
(X-Band @ Robotic Arm)
3.0 GHz 5.7 GHz 9.3 GHz
(S-band) (C-band) (X-band) Frequency
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L!hﬂ{&fg (L |
-SEH A =i MAA 2 2022'd 94.

O] = Varian MedicalAl,
S EERE AR

- O] & 2HX}2| 60 % %
. Xlc}

— -

- 171571 7|

Y1712t 8EE 1 EE Y RE °*Ilﬂ7|°| NE7tS

8 =& 2 (d %Em%“ﬂa)
ASH ElektaAl SO| HALM K| 27| AIHE S

AR 27| 7= AE =i

M e HIALM X| &, LS| AL 30% %

2t

d=O0|H X|SHo 2 +0 F7t

- Yot 22 A A S HAFE X et EHE S =0[7] flol Adst A
- MEIIET| AA™ 7|2 7|5 2 A28 Sy
« M AHE X-ray H|IpD| HAFEX|, HEH 0| HAIEX| S22 S80| 2|
< AMH ZSEE Floll A2 A2 0|FH MAIIS7| A2 7|=0| E8
- ESEE X E7| A|E HE 20100 B SE YK 7| H[E2 0|32 67 %, St 226 %
HIHESE X| 28 fIot 2K 27| MpA|Eo| HEEH Aoz MY
o B (=)
HEAIM X 27| B3 H|= [LINAC A| 2Bl B8 H| 1)
LINAC LINAC BFALM
(RIQE o 2§ U QI FCHE| WALMK| 27]7] 23 8] 27} oY T
. Number of o= 187 68
Incidences of Radiothera T
Region/Country Cancerin Units/MiIIio::)f == 1,056 767
2015 (Million) Population (2013) = 1,695 1,115
u.s 1.7 12 oj= 3,727 2,447
Europe 3.5 6 - (M MIAl) LNAC Al AE 14,673CH 7H = (2020)
Asia 74 2 -UNAC AR X 27| = L = 2| 2717] 119 F5 (2018)
Africa 0.9 1 N
Latin America and 1.2 ’ [%LH é,"%!‘]
the Caribbean - BT 100% 0| Q| FE, MBI HE L T

(ZX]) “M&M Radiotherapy Market Report” 2017

(X =7] 1CH 2 6021 ~ 100

A, 19 A/5HE10%HE)
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X-band (9.3 GHz) LINAC - &

-

MAII57] (LINAC) MXE7| T of L x| > TR of L ]
[X-band LINAC 3D 1+ X] ‘ 1.58 MW RF 0| L4 X| [2%17] unit cell 3D LX)

RF Port Cooling Pipe

WR-112 W i
( aveguide) Output Port

Electron Gun Port

6 MeV >80 mA T X}l HEp

800 cGy/min X-ray 2
@ SSD =80 cm 3 ‘_’4 Coupling
Vacuum Port Cavity

Unit Cell

[LINAC B %I 7] unit Cell] [Z1E FehE LNAC] [Physical Parameters]

-CavityN=24

- Coupling Cavity N =12

- Type = Side Coupled LINAC

- Cavity Material = Oxygen Free Copper

- Beam Energy = 6 MeV
- Beam Current >80 mA

- Accelerating Tube Length =37.3 cm
(Flange =& =42 cm x 8.5 cm x 15 cm)




" LINAC 2ZI17] Unit cell EA

S,; (dB)

- Mesh = Hexahedral
- Material = Copper

- Frequency =9 - 9.6 GHz
- Point Number N = 5001
- Frequency Resolution = 120 Hz

- Pulse Number = 100
- Accuracy=-30dB

Monopole Antenna
- Probe X| & = 0.21 mm
-Probe 20| =1.2 mm

[Transient Solver]

)i
il

[Reflectance S,,]

S-Parameters [Magnitude in dB]

p-mode

0-mdde

9.1

9.2 9.3 9.4 9.5
Frequency / GHz

9.6

O-mode
9.1814 GHz

1t/2-mode
9.2953 GHz

(Operation Mode)

m-mode
9.4342 GHz

E-Field

v

Magnitude

Ez Field

KERI
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715 TR 3AH A|=2|0]M ol &

[Electron Distribution in X-Plane]
6,89e+06
6.3 MeV 87 mA B47ev0s 3
A I Q
7t MR Es 3
m) . o
3,97e+06
3,55e+08 f_D‘
313406 (/1]
S P I R 2,71e+05 <
peofall: ageadl oy fad Jiete =
1,88e+08 o
1,46e+06 <
1.042+05 ~
B.26e+05
E.SQ::DE w
e IS
5.64e+06
5.22e+06 3
4,8e+08 m
4,58e+06 =
3.9Te+06 m
3,55e+06 -
3,13e+08 [44]
2,71e+0B <
2,3e+06 ?
st <
1,04=+06
B.26e+05
90
E 80
E 70 .
3T w [Phasespace along Z-Axis]
S o s
S 264006 _§g 40 234127 particles @ 2.99122 ns
< ¥ | : |
3’; R T e S S —— I USSR SR S S
B0 5 5e+006 1-- el P N e e e P R Y PRty PECORRRRE Y SEPTELEPLEEY SETEET EEERS FEREERRERRes
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w2 364006 1 S R SESE SRR SR e REaay SRR R
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'X-band LINAC M= =X

[LINAC & %I7]| H|ZH

[|I_ I—| L (Straightness) %ﬁ]

m

-
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E 0
X-Band LINAC °
el
w
o -10
(8]
c
& -15
(8]
O
- = -20
_________________ S
[ ! ! o
25 [ pTTTT T i~Operation'Mode -~~~
30 ! ! !
9.288 9.29 9.292 9.294 9.296
Frequency (GHz)
Set Temp (°C) Flow Rate ?rl;:!‘er Frequency
@ Chiller (L/min) MR | Temp (°C) (GHz) S [VNA Setup]
(°C) (HSk)
14:47 4.1 19.8 20.9 9.2939 4.1x10° -26.59 - Frequency range = 9.1 - 9.5 GHz
15:01 4.1 21.8 225 9.2936 41x10°  -2631 - Frequency resolution = 400 MHz
15:13 4.1 23.8 23.9 9.2933 4.1x10° -25.97 - IF bandwidth = 2 kHz
15:31 41 25.9 25.5 9.2930 4.1x10° -25.44
15:45 a1 27.7 26.7 9.2927 4.1x10° -25.11 [ 2 H §|_ 7E:| J-ll']
[— -
16:00 a1 29.7 28.0 9.2924 4.1x10° -24.84 - R
16:15 4.1 31.7 29.6 9.2921 4.1x10° -24.66 -F=3MHz @ & 25 H3-174
16:30 a1 33.7 30.9 9.2918 4.1x10° -24.25 -0F=1724kHz @ 22l =1
16:47 41 35.7 34.9 9.2915 4.2x10° -24.06 - 7t/2-mode Frequency = 9.2918 GHz
17:02 41 37.6 36.8 9.2912 4.2x10° -23.64 @S5,,=-24.8dB (& =34°)
1= . - =
17:17 42 39.5 38.3 9.2909 4.2x10° -23.60

=R/
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Current Monitor Bending Magnet

[OI1YEE 0 £

- CH2 : Modulator
- CH3 : Modulator

YAG Crystal

T
) I = .
A 1
— ¢
=y
e
(B
T

[Experimental Parameters]

RF Specification

E-Gun Specification

- CH2 : Anode & [5mV : 50 mA]
-CH3: 7% ™ J [50mV : 1mA]

FWD Power (MW) 1.82 Heater Current (A)
FWD @ Marker (MW) 1.80 Anode Voltage (kV) 16
BWD Power (MW) 630 Grid Voltage (V) +60 / -40
Grid Delay (ns) 1500
BWD @ Marker (MW) 171
Grid Pulse Width (ms)
RF PRF (Hz) 100
i Beam Specification
Temp (LINAC/Chiller) 33.6/29.8
Accelerated Current 100.6
Vacuum (Torr]) 1.8x10° (mA) :
A HJ =
[7t=5 FXHE o x| 578 21h
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X-band (9.3 GHz) LINAC A| 2 E

[X-band LINAC A| 28] [X-ray Beam §’d 87 == ]3]

D it Tt

1 xM Target 77} = ;

EMERGENCY STOP

-E/44™7} 3| QA (Quality Assurance) Protocol

[X-ray Beam Dose Rate §/d]

Z% | Measure Dose Average | Measured | Dose Rate D‘:;ir:i:e - AAPM (0| 32| 8= 2| 2}2]) TG-51, TG-142 0| &
No. (nC) (cGy) (cGy) | Time (min) | (cGy/min) (cGy/min) * IAEA (= M| Bl X2 7| 1) TRS-398 O| &
1 | 4952 | 269.070 0.5 538.140 - Lateral 3D Water Phantom &8
522.14 * EDGE Detector (PDD Curve, Profile £7)
2 | 48.03 | 260.974 0.5 521988 | @55 -100cm | . 1oN Chamber (Dose Rato 78]
3 47.22 256.573 | 261.072 0.5 513.145 815 - UNIDOS E MZEA| = 7| AL
—_ b | o
4 47.77 259.561 0.5 519.122 @ SSD = 80 cm
5 47.70 | 259.181 0.5 518.362 -(SSHF) 7IEEOiStn M2/ EHA

N
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-S-band (3.0 GHz) 3.1 MmwgE OIY EE
- X-band (9.3 GHz) 2.0 Mmwg O1YEE
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DIHEE SE=0F

Microwave Millimeter wave Terahertz wave
Frequency 1 GHz 10 GHz 100 GHz 1THz
[ ] [ ] [ ] [ ]
Wavelength 30 cm 30 mm 3 mm 0.3 mm

Plasma Torch
915 MHz / 2.45 GHz

Heating System
915 MHz

Semiconductor  Plasma Lighting

2.45 GHz

2.45 GHz

Microwave Oven
2.45 GHz

Power Transmission

2.45 GHz / 5.8 GHz

Accelerator
3 GHz /9.3 GHz

Airport Radar
95 GHz

35 GHz

ESR 95 GHz /

35 GHz Imaging 0.14 THz

Marine Radar
9.5 GHz
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Power

100 MW

1MW

1 kw

o] 2 o] Azl
1 GHz 300 MW

sta

0|3 13
9.3 GHz 1.7 MW

Dual Tuner 3.1 MW
S-band O}1H| EE
W

2.0 MWE 9.3 GHz
X-band O} Y| E 2
2RI ME

> dH717| &
> Ao} A} system

| oha KERI
Y= Panasonic 3¢ Gz 2.5 kW o
5.8 GHz 1.5 kW : o\
ot A $32}10|Lt IRA 232t0|L} IRA
2.45 GHz 1 kW 95 GHz 2 kW 210 GHz 1 kW
1 GHz 10 GHz 100 GHz Frequency
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Magnetron
(1 kW @ 2.45 GHz)

M ol L{ X| > RF Of| L X]|

[OFAYEE ST 2 H| 1)

2.45 GHz
D=39.1mm
N (Number of Side Cavity) = 10

D=42.4 mm
N =40

Magnet Resonator Antenna
Antenna ! Magnet
Magnet Strap
g Cathode

D=7.6 mm
N=20
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3.1 MW= S-band |1 |EE

[3D Structure]

4

— / Magnetic Circuit

Electrode

Frequency
Tuner

Mode Transition <+ 63cm —»
N = 12 Strapped Resonator

Sz Ly T — e Strapped Resonator

WR-284
Output Waveguide
Antenna Glass Dome (72.14 mm x 34.04 mm)

Frequency Tuner

KERI



S-band O} 1L E=

FHE N

Cathode Supporter
(Molybdenum)

[S-band O} Y EE 74 F]

Strap Wire

[S-band O} H|EE

Output Coupling Wire
Y pling | -

Power Input Port

Resonator

Iron Polepiece Mode Transition
From Circular WG to WR-284 Rectangular WG

Bellows

Z & AL

-
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Dual Tuner S-band Ol LH|EE EM 7}

- )
- Dual Tuner 3.1 MW= S-band O} Y| EE 7HE (MAl |12 +=F)
[Dual Tuner 3.1 MWE S- band I:||':|. I-'|| EE Al *E“] [Output Power £7d]

60 — [MA XD Fol+HYE @31MW] [
g 0 | 2.9930 ~ 3.0093 GHz (16.3 MHz)
2 40 A
g
o 30 [Tawww T T T
o
5 20
.g- 3.1MW
O 1.0 Teledyne-e2v 3.1 MW Magnetron @ 51kV, 106 A

=2.993 ~ 3.002 GHz (= 9 MHz)
0.0
2991 2994 2997 3.000 3.003 3.006 3.009 3.012
Frequency (GHz)

Fak RO 223

3.39 MW ' Frequency
Current ‘ 0 906M ;912 Spectrum

Anode

Voltage

.

#Video BIW 3.0 MHz




2.0 MW= X-band O H|EE Zsi1X

~
-2 MWE 9.3 GHz (+55 MHz) O} Y| EE 2 XI3| 2 M| (F ot CH Y = : 9.228 ~ 9.338 GHz)
> M|A| |1 ~F CiH| Futs= 7HH e 28f o] 4k =hzt
[X-band O} 14| E2 28I X [X-band OF Y| EE STI2| 2 A U 30 A|=2{|0]4 A1l
50000 2 08 MW 9-4
300! . | ; ':E 9.36 9.338 GHz
> 2000 (=] o
e Output Voltage : 41 kV g- 9.32 %\‘\
g’ o Output Power:2.08 MW =
S Jonl Efficiency : 53% g 9.28
o | 3924
mjo g'g 9.228 GHz
" 107.5A s
% " @ 36.5kV % 2 M
g ® 5 2Mw
3 z !
101 2
00 §D 100 1‘50 2(.)0 25.0 300 0
Time (ns)
@ 60
p 0980090900909
50 50
9.302 GHz = 539%
=
2 . 2 30
=« c
s S 20
= » =10
; -110 0 |
— T a8 9 92 ) 9 a8 1 -03-02-01 0 01 02 03 04 05
— Frequency (GHz) Tuner Position (mm)
XBHE : +25MH:z

-
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2.0 MW& X-band Ol EZE M &

-0l EE HE

4
H - Brazing 4271l &t™, welding 107l & ghH
oF 0

F

Heh S
[ EE 0ot =5 X = [2.0 MWE X-band OF1H| E 2 2| 2 X &}

[Brazing furnace Ll & X [5LZ Brazing HEh

[Brazing &t
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-band LINAC st -| Ho Modulator, Oscﬂloscope Ho CT- LINAC S & RTP H|O]

N o K
N . ] H

E S| 0] A| AE X1|2LINAC%' , \ ( Main Network & Connector MODULE




4 DQA (Delivery Quality Assurance) =2 E 7|

[DQA &M Z 1|
- Gamma Passing Rate = 97.48 %

MLC
Beam Shaping
7| gk
EBT Film
5% 2u

X Reference
- IMRT(Intensity Modulated Radiotherapy) = 95%
- SRS(Stereotactic Radiosurgery)/SBRT(Stereotactic Body Radiotherapy) = 98%

[ maeT ot Parameters Inage Normarzatos Toences CTA & Anayss Farsmesers Savemeatoee Layous
[ Target Hermaization Difermsce Tod % Hien Grnd Threah (s
A I KN} | Kl 1 | Save Curent Layeut Festore Saved Layoat
sy 1.14820006 Vv 1 aszentt 3 1 ) 108
Daciay Laey e | L] ) ] " —s
- Conter Vake i Sider OTA T, ren) A Do T ~
. o i O s
[CIFine Tune Registration At Mormstzaton 2008 53 - -
Autnrates et ] ] " ] T we ==
P " > tLayeut
+0Mdspess | | Togfacor 040 samms OTA Search Audiun 1 gem v
— « ' Clows URT Ansiyas
‘5aift X:2.083 cm Cramt Factor 108 | | | DTA Pracisisnizs) L P 1 nz =z 23 o
0s ! :
Taret RO 1.2 205352 717 561224596288 160860 20221111152147.demy
Gamma » 30 Pt Gamna - Ganma Pasy!
Aepart Dptions Repor Optens ol Oigtions
Gara 30 Surince v Faaaltal ot erce mag

=

MLC
Beam Shaping
7|t
58 dat

-]

100
08
10
2
0
18 "
os 1 15
em

Reterence £ 22117_M_fmevk

RTP :
g2z |- :

-
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:NSG OF A /65T
Z 5 : HepG2 (Human Cells, Liver, Carcinoma)

-6 NSG O A 93:0f| HepG2 M| ZE & & 1|50 0]

K

Al
~

% Tumor CheckE 6l cT EE

MY A" 8 02

[cTEF =]

- 80 kV
-100 mA
- Slice Thickness = 1.5 mm
-Op@ Ao BA| 1
10k2] 2 0.2ml/20g b.w O | ALE
-OfASOIAE 1SN Y
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