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Abstract

Radiofrequency ablation (RFA) as one of the
microwave hyperthermia is becoming the treatment
of choice for small but moperable tumors of the
liver. In this paper, we designed the applicator
composed of semi—.n'gid coaxial cable antenna with a
ring slot for RFA. To optimize the rﬁaximum output
of radiation with omni direction at 2450 My, we
simnulated the applicator using Electromagnetic
simulation program and analyzed the return loss and
the electric field E.y at the near-field region
between the simulation results and measurement
results.

As a result, we obtained the returm loss of
-29786 dB at 2450 Mk when the applicator was
placed between two blocks of a pig's hver, and the
measurement results agreed with the simulation
results = well. Therefore, this applicator using
semi-rigid coaxial cable antenna with a ring slot

can be used very usefully as the applicator for RFA.

| O

[
]
i3

o

[

(o

o

olFm Qi BTN BAW GO

A mid A" AAFHeR o 1007 Bl @zt 2y
o] T it E Algel olZA 3= AAHoz
Fol ¥2 FAL Ayolrh 7o BHELS 7
wpe} ztejrt BobA 2 viel, A&, FdobAlol,
%, olZg 7} FAGME SAEC] 1, EHgoly
=+ FAoNM = B Fo] )

Ge Fdel AL BY

S = Pl S e R A L R

} zboldle] Brbzsir), oz

< B8 AR & gl Fxbel dsiM=
g3t AP e} YN E B G £
<& A4 Tt AHLRLEFY

: PED, 2392

ofN JR R Ob fu
2 B K

Al
of
o
[EN
o
¥ oj
3
4 X

of¥ My nl g Jx afr of

2 rx L2
3
wr o

2
2

(Percutaneous Ethanol Injection
AZE LaAM7lE  2FIHAESE (Radiofrequency
ablation : RFA) 59 34 AZ¥3 4ge] Adgde
2 gUdAE Fojdtn TAMEY gg o} X7}
= Ax#EUsstAAE  (Transcatheter  Arterial
Chemoemboliza : TACE) 5% ©]&3te Asd = 9l
of. 2 AolAgagF)eol AndEs)sha
AEe Y Mad ade AA o8 7px FA4H

7EA 3 it

tio

PEIY] 714 & 4H2 3 m old HE & F4& A
g3t Zo] ot AHolth F, o] Fg dFo] &
ZEsHA TEHAA A7 F AE 5T P9 F

% AE7 FFAdohE Heloh Az, Ale AN

@37k 33e QA =re B9t 8

fo
2
2
o
E



AL sfof ok @l Ak 3 em #Z7l9] TAE
FE ARF}7] AfME Holx 63 ol "] sjof &}
o, 25 olde] Y49 7|Zo] Rt %, TACEE 7
TURE 20t 2dg e FEFLH 97‘%£ 3t
o, & ¢ FSXi o) &t e, Fute] gl
T g AEE dAZst I welA AFe
ZYdolHE, FY¥ HAFTE] e ZZ}QE 7ol 5}7]
W Zol, TACEYX $% £%¢¢ 933 dAAAA &8
t}. 2#v}, microwave hyperthermia X ®%[1,2)9] ¢
%2 RFAE
* magnetic resonance imaging (MRDS H% 3o
Ao 3 £33 e o]E A€l (applicator)
A4 g, 2FsE NG a8EE o F
gAEH &F FEAA oJ2Ee] AFor 3 &
HAE 7 A Fsted 10-30% F 257 100 T
A Fgolt & T & %
A gtk & o] RFAL 7]€9] T A5¥E o
jovt Asjstel Fado] AdstAt & B
AREAA dHFBAE 2AA4L NEE ATT
28g FA4AzZ] F iz AP dHolAE o
RFA7} QEASHA &, 7 )7 o]
2 e A7)z FoedMR 5
Fgd WP Augez Adzxn
, Asizbes ert #v] o] o Fe
Aelele) WALEA A 2 wide] R A3V &F
gjo) =i e}
B odFoaiz wAIEAN MG 9ste] HA AR
s} 390t 375 Wi, 430 Kz th3l 2450 Mu% o) §3hic ®
&z WA $FAel i <l o] &3 RFA
& 017317110135 AAsEr. 14 EM simulation

Z& v} computed tomography (CT) ®

o Mmoo

[o)

i

of
—— so |
>-9_ >-—‘

_i

¢ a3,

ok oop L2 do

S
L S

B 8}04 Aerat o) FejAlel) A
ol A ol 117+/l LES MAASE BAE ng Ay
gL A TS PN F o A4sege

ol ANLS wejstel A 4e of &

4 Ashiah wla - grsec

elAolE ) %

. oj &2 Aol ¥ 9 47

ehuvkel  4Al W siAlel  9le],  computational
electromagnetics (CEM)I3)S- 2144 7] 3ol whéh 4=
A Aab A A % wWA Abgslolxlar Ach
CEM+ ¥-§rstizdl fiol olel 7hA giol glAlvt, %
A owRAg el v)xstar iz ofuw AywH e
of Z&dta dir A ek o, A Fuge 9
A A F 0 bR etk §3 e

(Finite-element Method @ FEM){4,5]2 v} -4 2] o]

438 EM simulation T2
2 2 QA FEACE GHEHLME °l%ﬂ
ZelAole e TxE 19 1% 2oen 974, d.e
gente AF, dt FHEEH29 93, v
Hzo 54, L.& °}Eﬂb} 2o ARE &% F4
9] Hel, Lit Ao 2] 4¢ #He], 28xn L
ol ZelAoje] AFelth. AR 1.19 me st wF
A E%7A0l8E PTFE (Polytetra fluoroethylene)=
Wi FHHEZ o A5t tHe] &3nE =
‘ﬂﬂﬁQJ%%%%HR%E

LI
~—~:1%

o A
g &%q.@ﬂﬁ,ﬂl ot
207, FHHlEIZ) FAYF
) AF4= = 43 6601311:]-
29 20E ciZelslele el Bug 2o, 1Y 3
v a9 o BaslolHe TANAAY BT
3 € WAZE Eaw dBV/mM7F 2832 29 40l
mojagel 2@ wAAS7E veht vk

2

Air} Human
. body
Coaxial cable Short-circuited
Catheter Ring slot
Connector . )

v i e )

=

da dc tc Wsl “_’

Lts

Li
Lt

1% 1. olEeAlolee #2

19 2. ojFeAele e siAlg B



Nortmalized  ETotal (dBVsm)
4

4
o
w

“A=ReAM e AetE AABSE B (dBV/m)

a9 4. 291880 9@ WA

m 43 * 23

29 Wan 2ol Lu uhFol 7hm o2 o)
B2 2ouy sdon &%el sht 9t oEee)
B @ A% aesdo. moay A, ol gl
£% 799 ZHHA shGel Atels el ol
WS Fa% Wak ope £ EF FUNM AA X

Or
L

7t Aok 87 W F Wy 2 mm 2Eln A
Lot 6 m 2 sttt o] W, $3AFg5e 5714 S

ety dA4 AHEHEn UE 375 Kk, 430 kb 9
2450 Mb2 st Rdd HHE zEstd AA -
AZg oA EeFolHe AL F 17 #2rh

B Ao A8 WA FEAE UT 47-TP
= 2=7 Feld  (Silver-plated Copper Wire
SPCW)e g ® FALH, ¥ PTFEEZ 9 #3
A, 22ln FeEl2 @ JREAZ FAHAAQND. I
Hoz o AHAoEL HV|F22 Y} MAHLRE A%
Holi} g xg 2z Yrt

Az o Fe]AlolHE9 WAAIFe} IH A
2 Agilent2be] 329 ¥A71(8753D, 8722ES)&
aked 1000 - 3000 Mzt 0.05 - 265 G '8 o)A

o d
oX o oX

K

stgon, of W FAHHEI g oFeAolEHYg W
AAFE 29 5% 23, FHHEZE A ol Z] Aol
el o] wiAlAFE 19 63 2l

E 1. ol & Al 74

% 7 A {an]
L 140.0
Li 70.0
Lis 6.0
da 1.19
| de 1.79
te 0.3
Wa 2.0
GH1 Sp 1zg MAG & oB REE -1 5 dB 2 -2 2320 4B
» g ) 627 so0 oYz r=H;‘
T ; T
€ somr . T
5 3Bs0
N .\\.H

.

B craRY 1 230 623 g2 Mz STOP 3 229 828 @eB MHz

a2 5 ZHHEE7) Yl ol FEAclE] e WA A S,

aHt Spo teog MBG & di. REF -1 8 4B 2 -2 9993 oF
e 2[ 474. 338 062 tiix
PR . sy
11- 3 A4
Cor i 2 ;‘3 Gz
HCaLE
& 4Brd |y
\./‘
.
\ S,
\ TN
\ v 3,

3
¥

L] START : 028 820 0¥Y MKz STOP 2 280, 206 U8B0 MHz

23 6. e R E A2 ofFulsloleiel wAAS



FHH 22 48 AZHANHE T2 UFold =
Ak Afolo ¥Wm FAF o EYACIHY wAATrE
a8 73 2ed, of W, FAE 30 Crt & wAA
Adg F HAZ Aolol o] EAHE ¥ A3
Aot

ane S,?,L_. Pug MAG S dBs/ REF -18 3B Z -1?7 @¥8C JdB

i 3eon 00 ods Mz
FRa

¢ 1mag s g
.
o jumer 2 | »

3 |z

" -
"4

3,
A
3

i
® STRR7T 1 0GB 090 V0D tHx

STOF 3 (o2 0233 206 MHx

a8 7. kA7 Abolol W
COubARAE

273 o2 Aol e

23 A%, JHHas Qs o SesolH e WA
FE F34 2450 MY W -1997 dB, sHHEE 2
+ o Zsiole el WA E 2963 dBelioy =
2] b Atolo} o] FelAolEl &
A4 -29.786 dBE ElRtT)

E 20 F3b @9 1000 - 3000 Mz} 0.05 - 265
Y w oA 7= &Rl T WaH o} Lyol W&
ol ZelAole 3 ZHF9 WAMAISs Ve Aok ol
4], Antenna¥t FlHIHZIZE e A ZFAolHE
Catheter= 71HHEZE 2& AZANHE, azlu
Livere 7HHHZEZ 28 A2 siA L Alold i &

2

S A A% wa

4@ olFaAAIHE Uehich SHH2ZE He A
AT Afelo] o EAACIHE ¥2 3AE A we)
AY} 2ol Fna 2450 W W J2 WAAFE

% % gdrh
v. 2 g

B ERE A WA FHAE GHUR o F
A RFAE ojEesolg s ’“ﬂ]-*ﬂz—}‘é}ﬁit} aA,
EM simulation Z23 g ©j&3td d& 7tAYg &
£ % Wyd #Ho| Lyl “Jr; o ZelAolHe EXNS
243 Qe £F FHAM a3 s
A Z5gE nelstd West LeE 22 2 m, 6 mZ
sk, EEAHE QIzte tn Mg v£d &

1

-

23 QE AN Aol ¥I F3E A,
2450 MEY uwf -29.786 dBl

Lol ul, AARE wojAs
ﬂoa Yebgoh ol o meta
ACIHE B A8E + 28 Aoz A2,

rlr 32 & oox
]o 4y o

E20F Wyt o] Lol wWE wAHAlg
1000-3000 W Antenna | Catheter | Liver | Antenna | Catheter | Liver
W L

dB | -1.966 -2.447 | 18273 | -2014 -2501 | -18.742

5

e 2450 2510 | 2501 | 3000

dB | -1997 I -2 sx;str) w6 | -2203 | 2009 | =-300

6 M 2450 723 | o414 | =240

2 dB | -2 mT 3337 ] 2797 | -3311 | 23942
" 2450 28 | easT | 2600
dB -z_m—( -3.907 r‘m -33m | 30 | -226

B ™ 2450 BH | we | o2

0.05-26.5 (lz | Antenna | Catheter | Liver | Antenna | Catheter | Liver

daB =-3 =-3 =-16 | -18886 | -187%4 | -34.976

° Gz 2450 16.053 7322 3.456
dB -313% [ -3.704 ’ -23974 | -22.435 | -21.864 { -28416

6 G 2450 21.731 19230 2361
2 dB | -10225 I -4.319 l =-13 | -27001 | -34852 | -24.304
T Gl 2450 24.385 25046 2823
dB =-3 [ =-6 l =-16 -19618 | -26.226 { -27.357

8 O 2430 24517 23721 13273

b e R

[1] S. Pisa, M. Cavagnaro, P. Bemardi, and ]J. C.
Lin, “A 915-Mk antenna for microwave thermal
ablation treatment: physical design, computer
modeling and experimental measurement,” IEEE
Trans Biomed. Eng. vol. 48, Issue 5 pp.
599-601, May 2001.

[2] K. Saito, T. Taniguchi, H. Yoshimura, and K.
Ito, “Estimation of SAR Distribution of a
Tip-Split Array Applicator for Microwave
Coagulation Therapy Using the Finite Element
Method,” IEICE Trans ELECTRON, vol. E84-C,
no. 7, pp. 948-954, July 2001.

[3] W. L. Stutzman and G. A. Thiele, Antenna
theory and design, New York: John Wiley &
Sons. Inc., pp. 493-544, 1998.

[4} K. Saito, Y. Hayashi, H. Yoshimura, and K. Ito,
“Heating Characteristics of Array Applicator
Composed of Two Coaxial-Slot Antennas for
Microwave Coagulation Therapy,” IEEE Trans
MTT, vol. 48, no. 11, pp. 1800-1806, Nov. 2000.

[5] J. L. Volakis, A. Chatterjee, and L. C. Kempel,
Finite Element Method for Electromagnetics
ANTENNAS, MICROWAVE CIRCUITS, AND
SCATTERING APPLICATIONS, New York:

IEEE PRESS, pp. 183-225, 1998.

- 27 —



