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Microwave Imaging Diagnostics
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Present status of the development of microwave imaging diagnosticsis presented. Electron cyclotron emission
imaging (ECEI) is useful to obtain 2-D cross-sectional view of electron temperature. Microwave imaging reflecto-
meter (MIR) is useful to obtain 2-D picture of electron density fluctuation. They will be powerful tool to study local-
ized magnetohydrodynamic (MHD) instability and micro instability, which cause turbulence in plasma. Microwave
imaging sensor is key technology, and several types of antenna array with Schottky barrier diodes have been de-
veloped. In order to reduce the size and cost, microwave circuits on board have been also developed. Microwave
imaging diagnostics are now installed in LHD and TEXTOR. Comparison between the ECEI in TEXTOR to the
rotational ECE imaging in TFTR shows advantages of ECEL
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Fig. 1 (a) Series of rotational ECE images when the hot spot is
on the bad curvature side. The contour step size is 250
eV. The hatched region indicates 7. = 6 — 6.25 keV. (b)
Reconstruction of the temperature difference. The con-
tour step size is 100 eV and the hatched region indicates
less than 300 eV (from Ref.[3]).
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Fig.3 Waveforms from the one-dimensional system (a), (b)
and MIR system (c), from measurements of a target re-
flector having corrugations of k, = 1.25 cm™" and depth
~ 1.7 mm, leading to 4% ~ 27 (from Ref.[10]).
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Fig.5 Microwave propagation in a vacuum (top right), inside

plasma (left), and reflect signal (bottom right).
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Fig. 6 Cross-correlation coefficient R of the shape of received
phase fluctuations and corrugations at different dis-
tances (from Ref. [13]).
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Fig. 8 Bowtie antenna array.
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Fig. 9 Layout of a hybrid bowtie antrenna array and magnifi-
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Fig. 10 Schematic of the 2D imaging array (from Ref. [17]).

342

W7 Y TFFRFTaTVIAR=VT 57+ ThHbH. KT
W7 > 5+ 7 V4 0F% Fig 111K, HEARIER ORI
WCHBERTTHDLIRREIAR-NVT V7 F %, FEHIH
WEZTCTHLEWZREMZ T D, Wi KR M
(Fov7) BEMSNLEIKJFITAR—NVT VY TFTH5S
A, b7 TORREBEEE A RV ORI L —
B LETARELIRIEILZ DL, FELRE %
W, ZO, PERFERLEOEES A R-LVT VT
FITEWIRMEEZ EH L T 5 [18].
BOREEREINZZHDICFig 12ICRENLETFaTVFA
R=IVTVTFFBHb. FaTVIFAR=—LT U FFI,
R AT v 7F EFEMRCIEFEREEEZ R L, Ly b
I & B T ORMEDHHT, 4 Fo—Td/hsnk
WA REEAH Y, TEXTOR @ ECEI/MIR ¥ A 7 & TR
sh7=[19].
(©) F——FZ2OY NT7rTF
FELTZRET LA L LTHATAZEZHMELT
ERENIONT—/3—FRay 7 75 F (Tapered
slot antenna: TSA) THh 5 (Fig. 13). 77 FO¥#E L
TIE, WY RERLMHETH S Z &, Pl — AMEA10
—20°TA A=Y VTV ATFAICHL TS Z &, LKW
L2 D, AT S A VRENOBEH O ESTH
LHZlEDBHIFONA. Fig 1I3ERNRT v FF 1HFTD
LARIT, FEaE, FRoYEEORD, 4HMilicav sy — b
WAL, 7—/3—#8%% Fermi-Dirac B CTElIE X
TWbHDOTFermi 7 v 7F & b Xidh5([20,21]. AL,
YUTNETSA ZMH LA RTT LA OBl 2R, —
MO A FEFO—RILT LA 2L, Tz 48
HRLHIEIICLD, HlBEHHRL36 4, D4 X 4 FEFT LA
FEBLTCVD, TTTHRZE~YA 7 0lodbkRET
H5b.
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Fig. 11 Layout of Yagi-Uda antenna array and magnification

view of the element (from Ref [18]).

Fig. 12 (a) Dual-dipole antenna layout and corresponding (b)

E-plane and (c) H-plane (from Ref. [19]).
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L2725 2814]l,

Fig. 13 Fermi antenna with corrugated structure (left, unit:
mm), (from Ref. [20,21]), and 2D array of tapered slot
antenna.
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Fig. 14 Mask pattern of the monolithic detectors (left), and het-
erodyne characteristics (right) (from Ref. [22-24]).
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Fig. 15 Measured frequency response of dichroic plate with d

=1.25 mm (from Ref. [23]).
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Fig. 16 Schematic layout of the ECEl double down (from Ref.
[26]).

Fig. 171X IF 5 a2 4H L, 10 LiRAT A HEKOE
HThab. HELOIESHEDH L DT, Ml SMA 225 A
BULEIFESIE NS v VA7 THIEH, 2 M)y 7FEREK
Hifiz HwT82izpEshs. Ao SMA»SH AL
TETZLOENT VARIFYTRALEZIF 24AKT
5. B LOOFIRENE S YloIME FICER S Tw5b.
WA ST TH 25 L BIRMIEILAE D S Mb 5. FHiRE
KT A PO VCOTHA. 167 v~ R IVOMHERTIH S
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NHBEHS> T E720RMTH Y, RSN TS
DI RTE1IDODOY—=NVERY 7 ZIZMDB I EHNTE

Fig. 17 Photograph of the eight way power divider/mixer cir-
cuit. LO power to each mixer is via SMA connectors on
the left, while the RF signal comes from the right (from
Ref.[26]).
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KR ORERORECHM S, TE A 2.7 cm, KFEI5H
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Fig. 18 Schematic of the 2D imaging system on GAMMA 10
(from Ref. [25]).
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Fig. 19 The change of 2D line-density profiles (from Ref. [24]).
The first frame is at t =50 ms, and the frame separation
is 10 ms.
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Fig. 20 Schematic of LHD-ECEI optical system (from Ref. [24]).
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7 v 7 (R 1-8 GHz, 415 80 dB) 12 & h #4iE
SN, TANT =N (FULEWEEL -8 GHz, i i8uliE 300
MHz) (2 & Dl S /=8, BHEI L8 2 ikdic X
D EFEREEIND.

Fig.211%, 1 HOMMBEDIFF v > 2V 4-7GCGHzIZHB
WTH LN ECE 55 DR HMZ L TH 5. LHD IZRERED
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LNz, T2, MMBEB LUK IF F v ¥ ROV OME
AR MV EBELZLEICHHI LTS, BIRTIHIF
F v Y AVEORIE (27584 BEE 070, 1vavy
N CHEEFHERT S L IRETH L. BIEYA 7 adk
FEHEBTIF AT 2 %2R, Fv ¥ 2VEOIE(1
FAL D 4F % AV, 10K 2179 XL iR TH 5.
4.3 TEXTORIZ&(f% ECE/MIREAY AT L

TEXTOR (23175 ECEI & MIR & D#ERI~ A 7 0l
A A=V V7Y AT AOREK % Fig. 22 12779 [26-29]. H
ZBRBEBIIEES40cm, WI5cm DBK7 #5ATH5. &
(b)) TEB LA 7 aEIZY—2 2T v ¥ — (¢) T,
ECEI VAT 4 (g) & MIR Y AF A (d-e-f) D 2 2I250F 5
N5, MEHOWICTFA 70l v 7 RERETHZ LT
LO W & D e W B8 % 8] 3 5. LO W% 95
-130GHz DM % ZE 2 B2 L TRE - 2 Fi 2 MET 5.
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Time evolution of the ECE signal (from Ref. [23]).

P

Fig.22 TEXTOR poloidal cross section with the MIR/ECEl com-
bined system. Visible in the diagram are the (a) toroi-
dal and (b) poloidal focusing mirrors, (c) dichroic plate,
(d) beam splitter, (e) probing beam source, (f) MIR de-
tector array, and (g) ECEl detector array, as well as sev-
eral focusing lenses (from Ref.[27]).
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Fig. 23 Progression of images of a sawtooth crash. The inver-
sion layer is estimated as the double black curve. The ”
hot spot” (yellow in the false-color scale) breaks
through the inversion layer at the lower right corner of
the field of view (Ref. [29]).
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Twb, SLHICRERD I EEB IR TN LAY
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XA CTRIHOETVICHES & 3555 amE 25 A H
FFC& 5.
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KAFEHETE Ray tracing
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