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Abstract: The coupling performance of grills for lower hybrid frequency is obtained by digital simulation. The three
dimensional model is adopted, namely considering the finite poloidal and toroidal sizes of the grills and coupling be-
tween TE modes and TM modes. The plasma surface impedance is estimated by digital integral method, and this
boundary condition and the electromagnetic field continuity at the grills’ mouth are used. Under the main mode of 2.45
GHz lower hybrid frequency excited in the grills, the reflection factors of the TE and TM waveguide modes can be cal-
culated. Then we obtain the lower hybrid frequency power spectrum distribution sent by the antennas.
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Figure 1. Plot: wave guide array structure

1 ESERZNEHREE

sin (% (z -z, )j exp (—ik,,x)

(D
M
+ r;[_ﬂ)fnp %+ﬂnﬁp mjnj cos (an(y—yp ))sin [%(z -z, )j exp(—ihmx)}}
2 . . (m ) L N
E. = Zexp(zgop)ap (»)6,(z)x{a,sin ;(y—yp) exp (ihx)+ . ﬁmopjsln —(y—yp)
p=1 m=1
2
) N mn nm) . (mn nm )
-exp(—ih,  x)+ ;(ﬂfw 7+ B 7} sin (7()/ -y, )j cos (7(2 -z, )j exp(—zhmnx)}}
Z . Iy . (m . M| g mn . (mm
B, :Zexp(z(pp)ap ()0, (z)x G, sin —(y—yp) exp(ilyx)+ Y| B, —sin —(y—yp)
= oC a — a a
k N k h ©)
c , c mn o M) . (mm nn ,
'ieXp(_thox)"'nZ_;(ﬂfnp i?*‘ﬂ%p kyc 7Jsm(7(y_yp )Jcos[j(z—zp )JeXp(_thﬂx)}}
Copyright © 2012 Hanspub 39



A% PR BN R LA 15 1 = LA T

p .
B = Zexp(lgop)
p=l1
+§:( fnpkcnn
h,
Her, h, \/k2 (mn/a)’ —(nn/b)"

z,<z<z +bWf, 0,(z)=1 élypSySyp+aHUL,
o,(y)=1. iﬁ?ﬁ@lﬂﬁﬁ‘]@ﬁ%ﬁﬁx=0, 2

E, = Hdkydkz exp(iky +ik, )[E: (exp(ik,x)+r, exp(—ik,x))+ Eln, exp(—iklx)]

E. = ”dkydkz exp(iky +ik, )[E;r21 exp(—ik, x)+ E (exp ik, x)+ry, exp(—iklx))]

cN

X

B, = [ dk,dk, exp ik, +ik2){N} al

cN

X x

7, (210,215 Aty i
ﬁmnp Z’"" mn]cos(n;n (y—yp )]sin(%(z—z}y )]exp(

NN_ | 1 N? | ,
(} E; chEzjexp(lklx)}

[%(z -, )jexp(—ih()nx)
i

B, :.Udkydkz exp(iky +ikz){NyNz E +1_]\]/v
C.

cN

X

C.

X X

Hh, Er L ED 3 RIRECS PR NSRRI AR A R
W), ry U R A FEA SO R B 5
RSB T RR I 1 = 5 R4 1% BRAMBILLA $2
H7E, ERSHR RN R A TEL0 B, 2%
ST E AR, BRI ERAME A& T
W3 O I RIS I S, v LA (1) 2 (8) A1 —
AWM TR, M5 & S R R
.
3 BHRSTABMITE

TERF FARI AR A TG, T HRAPEREIR K
TR b TR T IRRMMREE, — MR A 55

BT ARREA, RIS R TS R % 17 Sk R A
Jit, A LSRR VA S B TR R A . BR Al

KPR, IRZAK R HAF R IG5, 142 R &5
BRI E RS . BERES R
VxE=iwB )
vXBz—i—‘;’||g||E (10)
C

40

N’NZ + + I_sz + + .
_{ }N (EJ‘,r21+Ezr22)+ N (Eyr11+EZqz)}exp(—szx)}

B XI5 IR S5 B TR I x = x, b, LA X
B ] AR R N
(5
(6)
E'r +E -V E'r, +E' ik
( yhit z”12)+Tx< It zr22) eXp(_l Lx)
(7)
z E;}exp(iklx)
CIPKGE &g
dE
—=iwB, +ik E, (11)
dx
dE, _ 12
m%=—gkﬂg+%BY (13)
dx c v
9§=5%g2+ ¢.E +ik.B, (14)

C

{BE S5 B TR SR ALBONAT I, BRI TR
FRAFRNZAL I i B IEAR RIS 1 BN
WIER Lo I R AT AR 7y, BIA] SR A5 B A
RIMPYT. 2207 IR I PR SO R KL

4. BER

BRFE RS HIREAA 1.22 m, /NEHTNIFE
A2 0.3 m, PIHN 2.9 T, AR UL 42y 2.45 GHz,
BT E N 3.0 x 107 em”?, AR EER 3 x
10 em™, AU E DS EE S A ONHEI R, Bl

Copyright © 2012 Hanspub



A% PR BN R LA 15 1 = LA T

FRBESXIEE MR EEE., RAASS T
WBERHAT I, U TAE S ER &Sk, HA
mibA 0.1, AUAFEFE SR —H, WE 1 .
BAFWRFAENU TS FBFIMNEEEEE N
0.15 cm; FZ & BEERESE 0.3 om; SRR
SN 10.92 emy FHERRITEEA 1.0 cm: MAETURS
ZIRFAALZESR 90°s F P T MMM Z T LARE: 4
FW T IR ZE R 070 s ThEil A il 2 Bk
Bl 2y e A — L TS A6, B 2(b) ik Th
il o, B 2(c) NI THERE S B ThE g4
HILE O BT, JEARKTHR.

T G ThEe AR LU, U 5 B % 5 T 2Rt
IIATAR KRR B BT TE o W BRI 1 » TE o B HE
WRE AT TR, 5WAER. TE, BHAER SO

1, S35 3, +BIOREA B S5 (-3, |
a

XFCA B 0012 PSR 1415 A%
Ny = O R, 3¢ ERKGRT N, =0, 448 T
SAHBEIR ST A R

Z&o JITLAEE 2(b) A1 ] 3(b)Hh B 1) B 28 3l B AN FR o
AEN & NG B S R A NP2 N [ ) B
BAXIRR, R i T AH AR 70 5 2 (A FE AL
Z990°, EP TE A B REFAT TR, BT
FTFHSRBPDIZRNZIN, BT HREZESHEMZRY
Wi, XEIELLHRRE R N, AH ST IS RS D& o
A E GG, XTSRRI N, EH, ST
S HOER ST A TR 43 B AT RS AR SRR A LS5 0,
PRI AE: ZHAERE 2(c)FE 3(c)H R
) DFRBERT N, =0 HAXHR. 7EH RIS 7FEIX
TS BR BT 53 AT

1P T2 AR 2N 90° I s ThEE AR A 3
. B 3@ v = 4Ea— i Th i o4, B 3(b)N
Wi ThEiE oA, B 3(c) AR DIRE AT . M m T
LA K 2 FAAE; PR m 5 E 2 8
BAFE. BT RAMEERE, EikF RAEA 2
AT, TR YRR H IR I 1 T (R
L7, SREBHIBERSS DA% A0 B TR R o B iRt O
BRI

1
0.8
, 0.6
” g
g & £ 0.5
& &
;&_ a 04 S
02
0 0
—4 -2 0 2 4 -5 0 5
NY Nz

(2)

©

Figure 2. Curve: power spectrum distribution with phase difference of 90° for adjacent wave guide and 0° for adjacent main wave guide
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Figure 3. Curve: power spectrum distribution with phase difference of 90° for adjacent wave guide and 90° for adjacent main wave guide

3. EHTIRESE, HPTFESIELER o0, BEPTEFHELER o0

Copyright © 2012 Hanspub

41



A% PR BN R LA 15 1 = LA T

5. Wit

XHER S 5E PR AR BB R LA & [, 4
THE LA S 2 25T Brambilla S o B
PP BRI S THHETNE,  RIVR A 11 AR H L
DSV ID B O, R KRS S5 B TR R
WA EBAEIL T 5 A o ASCRA T =4 RER S
B, B 7RI IR AN IR . [
JET7 TE 5 TM ARG . BRI AR
TORVE RO AR B TR PUT R LU B R, R
REPEPATRLNER) ;s FEASC P RAE 7 R
U 7 BUERR S 7595, RFEIEAT USR58 7 045
B FE A A I LR  7E 2.45 GHz SRR A4 TE) o
BB T, > B4 TE 5 T™ 3 R,
TE 5 ™ B RLAMIMER, KA =48R
A B B 6 A A 0 XM R A AT U A

SEH (References)

[1] Y. X. Wan, HT-7 Team and HT-7U Team. Overview of steady
state operation of HT-7 and present status of the HT-7U project.

42

(2]

(3]

(4]
(3]
(6]

(7]
(8]

[9]
[10]

[11]

[12]

Nuclear Fusion, 2000, 40(6): 1057.

Y. S. Bae, M. H. Cho and W. Namkung. Launch study for
KSTAR 5 GHz LHCD System. Journal of the Korean Physics
Society, 2006, 49(12): 314.

A. C. England, O. C. Eldridge and S. F. Knowlton. Power trans-
mission and coupling for radiofrequency heating of plasmas.
Nuclear Fusion, 1989, 29(9): 1527.

N. J. Fisch. Confining and heating a tokamak plasma with RF
power. Physical Review Letters, 1978, 41(13): 873-876.
KEOL, EJ67), WA, 4RI R IR G
THHEAIHE, 1999, 16: 524.

M. Brambilla. Slow-wave launching at the lower hybrid fre-
quency using a phased waveguide array. Nuclear Fusion, 1976,
16: 47-54.

X. Litaudon, D. Moreau. Coupling of slow waves near the lower
hybrid frequency in JET. Nuclear Fusion, 1990, 30(3): 471.

X. Limudon, G. Berger-By and P. Bibet. Lower hybrid wave
coupling in Tore Supra through multijunction launchers. Nuclear
Fusion, 1992, 32(11): 1883.

A2, BTy, WHELRE. D BUEITFE R 1 5e A PR D2 TR
[1. 5, 2002, 19: 317.

R. A. Cairns. Radiofrequency heating of plasma. Briston: Adam
Hilger, 1991: 72.

M. A. Irzak, O. N. Shcherbinin and A. F. loffe. Theory of waveguide
antennas for plasma heating and current drive. Nuclear Fusion,
1995, 35(11): 1341.

R. Koch. A global solution of the ICRH problem based on the
combined use of a planar coupling model and hot-plasma ray-
tracing in tokamak geometry. Computer Physics Communica-
tions, 1986, 40(1): 1-22.

Copyright © 2012 Hanspub



