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Polarization Control of High-Power Millimeter Wave for Electron Cyclotron Heating
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Abstract

Electron Cyclotron Heating (ECH) and Electron Cyclotron Current Drive (ECCD) are attractive options for
improving the performance of fusion reactor plasmas. Oblique launch of the electromagnetic wave to mag-
netized plasma demands specified elliptical polarization for high mode purity of ordinary or extraordinary
waves. Polarizers for high power millimeter waves have been developed using corrugated all-metal mirrors.
Structure analysis of polarizers will be important for high power, high frequency, and long pulse ECCD sys-

tem in the next generation of fusion devices.
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Fig. 1 Polarization ellipse.
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Fig. 2 Electric field pattern of HE11 mode in a corrugated
waveguide.
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k:Wave vector

Fig. 4 Coordinate for cold dispersion relation. The magnetic field
has only z-component.
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Fig. 5 Model for evaluation of mode purities. The reflection
power from the plasma surface is neglected.

(6) ﬁﬁ)%Ex, Ey % E; ’f?ﬁfﬁﬁ"%fcy)ﬁi, Ey/Ez’
EdE: # kD (7), (8)XTHT.
E, (n®sin®y— P)[1D Losa'-i-(n —S)cos,@]
E, (n?—S)n’cosysin’y
(7)
E. _ (n*sin®y— P)[(n —S)Losaf—lD cosf]
E, (n?—=S)n?cosysin’y
(8)
F72, (6)XDMEREOBERTH Y 272 DIIIFREATS

DITHNK =0 THLLENDHY, TIhOIEHEW, BE
WO (9)NTEIN L.

2 _ RL sin’ y+PS(1+cos 7)+/_
2(P cos’y+S sin’y)

n

F=/[RL sin®y+PS (1+cos®7)]°—4PRL (P cos® 7+ S sin®y)

(9)
L, BENPSEBEORECEEOMETAGINE
A, 77 AW TIER W E BEWRIE D) 5T 5 )

IS % 729012, Fig. 42 5B S 7/2Fig 5D &9 % %E
FIWVhEEZL, FY, BRLTIAROERME x=0
OmEE L, BAERZ AN o, BT PV E TR
FHEHMBEOERZ E, E; D2ODHEKLTHNT MV
THRY. 22C, By 13k ICEER 2 FREoXs b,
Ey 3BT vk L ECEELRNS FVTHDY, 2
DOBFOIRIEIL L VHAETTRTORBELRT I LA
T&5%.E, E,0RE3%2E, E, LT L, E=
(—E,cosy/sinB,0,E,cosal/sinB), E,=(E,cosa cotp,
—FE,sinf, E;cotBcosy) £ 5. Ak ER % E =



Journal of Plasma and Fusion Research Vol.79, No.9 September 2003

(Ex,Ey,E:)=E\+E, L BEX, 79 APOIEFROE
$% (Exo, Eyo, Ez0), RHEDBER%Z (Evx, Eyx, Exx) L
&, BB v =0 oW CEROERE S (0 o8B L
z J5) AERRTH LBEREMEH VS L (10) Xk F
5. ZZTTIRAREETORGNZ(9) REITED 1
WEWHORN TS X< TIElTE A EREIT R,

(Ezo> _ 1 7%@ —sinf—axcotf cosy |/,
Eox/  @omlx %an sin B+ao cotB cosy [\E,
(10)
0 - E, (sz sin® 7; —P)[iD cosg; +(n]fsz)cos,8j]
TE,; (%].2 -S) n]fz cosy; sin’y;
(7)

ZZT, ao, axlE (7)) ROBIHRRLEWMe, 8, 7
ICE=FZ Lo HVT)XHwshs, 22T
WEETREAE, Q0OXboe, B, v ZEETEERKT
L EMBEOEBATHY, (7)XNPoEWA o, 6, v
X7 IARHREWRTHENENDE-TF (iZo X
DIEWATHLETHAH. KHE— FOEWMA o, B, 7
1 Snell ®FERIZS (1D X TRDB I ETEB.

_ . —1sina
@; =sin” =

n;
B; :cos_1< 05@)
7
7; :Cos”(COS_y) (11)
7

EC MEOERBICHVWSLENRELE NS X =D %

p=iEy/E; L EFHTH L Q0T Q)R ELEHB IS,
_cosa

<E20>: E, sin B
E.x Qo — Ax %ao—ip (sin 8+ a, cotB cosy)

ax+ip (sin B+ ax cotf cosy)

(12)

R, EHEWE BEROBNILEZENT 72012
Poynting vector & 3K 5.

S=Re[ExH*]=Re[Ex(NXE)/Zy]=Re[(E-E*)n
—(E-n)E*1/Z,

n - E;q 7], R -
§; =~ 0| ~g)(cosar+cos By) +
2
n:—P
2 J -
20— lcosy; 13
(e; n]?cosz?'j)wsnz} 13

848

TIT, 2 BHZROWEA ¥ E— 5 ¥ 2 (1200~377
Qn, ¢, g

el =a;-a] +ejc +1,
B 4(14]? fP)(n]iZ sin®y; —P)
h n}! sin® 2y;

g (GixoHx)
TEHFINS.

T/, IEEE, REETHL-00 ¢ 13(8)NL YK
ATEINS.

(n].2 sin?y; —P)[(n].z —S)cosa; —iD cos B, ]

7 T w2
4 (n;=S)n; cosy; sin”y;

®)

AHBHENRT MWE, EARHEDINT X — 5 p (=iE/E))
ETITARDNTG A= Hhh 2 i, IEEERERE
WDIBEHIZ So 1S THZ 6N, LW ERERDOE—
FHEEEIZENZER, So/(So+Sx), Sx/(So+Sx) TH 25
N5, IVEOWERITH LI ENITKRELWMFEZRED
7T A< FETFEM & R 50T, Ray tracing code
FHOWTEBRIED 7T A< RETORIIRE W2 b
NeDHT, LT T A OBETEE, BHEMEON
ML, EEOWRKITH T 5 IEE W & RFE RO E— N
EPLED X H ICFHIiTTRETH 5.

RIZ, 77 AIKMTOHWHIHBDR LN EZEL TH
9. T TREHDD MO L FIVT T A< OFRE
AFEEZE 2 5. 77 A<EETO rotational  transform
WX WMot Ar 2EE LT, TIATEKAD
FHEE 7V % Fig. 5 205 Fig 6 ~NEMBIET 5. ZOBIE
&, v HiliE haA SN T T A OB LICE X, xz
W& AET 25 x 20 E LTRIBoQ U mET
MHE S & 5 BBEEEREIT) S L ICHYT . 2OKE 2
NI E TPATICZ D, B S NoRER HICH 2%
7™MV k =(cosa, —sina siny, sine cosy) |[ZHEE Tk
Wi FI2dhHEF Ea = (—sinae, —cosa siny, cosa cosy)
EARETHICHEE 2 EI E, = (0, cosy, sing) DA &
HLEFORHmEHICH LT, (12)Xid 77 X< K O#
Lo Uhfh 9 25 A1) RNOBITEBIESNS.

<Ezo>
Exx

_ 7t . s
X( cosa (sinyp+ax cosy)—ip (cosn—a Sln7])><l4)

Ea
do — Ax

cosa (siny+aocosy)+ip (cosp—ao-siny)

72720, WA Tl p=iE/E. L BEZRINTSE



Commentary
Z (/B)
Plasma(x>0) | Vacuum(x<0)
X-mode

y
B Ea (on midplane)
o
Y k(on midplane)

(Radial direction)
Eb (Lmidplane)

Fig. 6 Mid-plane launch model including the effect of rotational
transform (tilted angle : 7).
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Fig. 7 Rectangular groove structure.The corner of rectangular
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concentration.

WRESICIE, Fig 7108 T & 9 228R om0
Huwbhsd, BN ZFRPGEPL, BP0 EE T
54 % E— F (Fast polarization ¥ 721 TE-like mode:
H.=0) &, E¥FETOEORTRETSE—F (Slow
polarization ¥ 7213 TM-likemode : E: = 0) ® 2 D25
LT#25B. TO22O00F—FIZERLTEY, D2
DOE— FORGHEOIRMEL & AL AHZE % I3 2 2 Las
TENE, HOWLRELIEY 23T LM TE L. 7272
L, WREHTE— F2EHT 572012, #HORNNE R
REUTTHLUEND L.

19804E D WM, %S &S REITHET% HwT
E—RFIIN—FLLTI¥A 0T yORRE— %
LR V228403 B4R R 2 4T\ [14], Motley & I3 H224F
BOMRBGHMNEIC Y 2 Ly PEITKFEZHRBEL, A
B ENFZIERENT I A~ w2 T 728%, BT
X o TYOFER LI % lfzn S CTREWRE L TMEE1TH)
WREZ1T-72[15]. N5 DOREIEH L 22 RIPTHET- 05
Mi%HWT, T3 7 O Petelin HIEEDHERS AN 1/8W R L
1/4 W R D EEW RE 2 EHAE 2 A GhbEH T EITX
D, HOWAHMRHEIEY M LREEREZ E— A 5%RIC
s e 2REL116,17]. ZOFEIZ, HORS D
1/8 B D W #E ¥ T TE-like £ — K & TM-like E— F®
MAHZEZOE L L CREOFMNEZFEL, 395 18D
WORS D /4 FEROEIHEFT 2 DDE— FOMMHE
180 & L THMRIE DR Z Mz s 52 L12X D,
FTRTCOMBEENEL L) DOTH 5. Fig 8 IZHIHD
SN E R

7272l BHY — 2% A0 TRIOD S EHTHE IS
AT 5 &, BOERRES HPEIE T ORERMAIC L - T



Journal of Plasma and Fusion Research Vol.79, No.9 September 2003

(b)Twister
Groove depth~A\/4

Phase difference ~180°

(a)Circular Polarizer
Groove depth~\/8

Phase difference ~90°

E

incident
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Fig. 10 The dependence of increment in central electron tem-

perature and the ordinary mode purity on the rotation an-
gle of circular polarizer. The experimental parameters
are a frequency of 110 GHz, rf power of 0.75 MW, J,=1.2
MA, Bi(0)=3.73 T, and line averaged electron density of
7—8x1018 m~1. (Ref. [27] by K.Takahashi).
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