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Electron Cyclotron Emission Imaging (ECEI) has belmveloped to investigate 2-D/3-D structure of
temperature fluctuations in the Large Helical De\itHD). ECEI is an advanced ECE diagnostic method.
Key devices are a detector array, optics, and didfneguency receiver array. The detector arrayscsia

of a 1-D horn antenna array and a printed circadrt (PCB) with mixer diodes and MMICs. The ECE
images of the plasmas are obtained with a microwaptical system for the microwave imaging
reflectometry (MIR). A multi-frequency receiver ayrconsists of a band-pass filter array made oGR. P
At the presentation, the ECEI system and resuliso@ireported.

1. Introduction

A combined system of MIR and the ECEl has  ,zq| | ' "EcE' '
been developed in LHD [1-3]. Microwave imaging 2nd Harmonic
diagnostics has potential to observe fluctuatiohns o
the electron density and the electron temperature | Magnetic Axis
profiles in magnetically confined high temperature T - R=36[m]
plasmas. When the plasma density and temperaturé2.
are sufficiently high, the intensity of Electron Z100fmamsman 0 NS
Cyclotron Emission (ECE) equals to a black body & <
radiation in magnetically confined plasma. The % I X-mode "Ny
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Area

electron temperature profile can be determined by £ [=== === 0T
measuring intensity of each frequency of the ECE, | S ag ‘\
since the ECE frequency corresponds to the radial — gq| fundiCmEental S -
position. By using a 1-D receiving antenna array, R
the 2-D ECE profile (radial and poloidal directipns 34 36 38 4 42 4.4 4.6
can be obtained. The electron temperature is Major Radius [m]

considered to be equal on the same magnetic flux
surface so that ECEl can be one of the mos Fig.1 Profile of ECE and cutoff frequencies in t
powerful diagnostics to investigate MHD LHD plasma with g=3x10" m® and B,=2.75 T
instabilities. (Ra=3.6 m).
Ba=2.75 T and B=3.6 m. In this configuration, the

2. ECE Frequency second harmonic ECE of 96.5 — 104.5 GHz

MIR and ECEI are equipped with the same corresponds to the observation range of 4.44 — 4.55
imaging optics and an imaging detector 1-D/2-Dm of the major radius. Because ECE of which
detector array. MIR is an active imaging system,frequency is higher than the X-mode cutoff is

whereas ECEl is a passive one. The frequencies @dbservable, the ECE frequency should be higher
MIR and ECEI are different. Examples of the than the MIR frequency.

frequency profiles of MIR and ECEI are shown in
Fig. 1, in the LHD plasma with.#3X 10 m™®, 3 ECE Imaging System



Figure 2 shows a schematic diagram of ECEI
detection system. The ECE signals from plasma a ECE
focused on Horn-antenna Mixer Array (HMA) with |- \Yave

;

the f_ocusing optics. In HMA, each antenna eI_emenR/V\\;th |9GHz —ors| 55z o
receives both ECE signals and the local oscillation [T |[BPF||BPF|[BPF|[BPF ADC
(LO) wave, and mixer unit generates IF signal. Theo =" 8GHz| [BGHz | [4GHz| [2GHz

z B.P.F| |B.P.F | [B.P.F ||B.P.F

frequency spectrum of IF signal is detected by the saGHs MIR/ ECEI
band-pass filter (BPF) bank detection system. The€pighpass Fiter| 2D HVA ?
frequencies of each BPF are separated by 1 GH _ _
between 2 GHz and 9 GHz. The designec(zf,”oRE'@I‘;:‘;;‘ji:'_ o booidal ;’;ﬂ)
bandwidth of each BPF is 500 MHz. Fig.3 shows ’ '
observation area of this system, in the case,oEB ) ) )
2.1 T, Ry = 3.6 m. Sights of poloidal directions are sg\}\lzn E&%/Lerltjeec}ei%“?on ZSygteénHzlzllgEigsr:glrjsalthy iLO
ﬂgaedrmmrea%igly tgﬁa:]rplilgsmg acr)gtlcfj'et(()apmmg dOth&; wave ang eacr} HMAf IeII:enjent.I Frequency detector
frequéncies. measured spectrum of IF signals.
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4. Result

A typical example of ECEI signals is shown in
Fig.4. Fig.4(a) indicates two ECE signals observed
by different antenna channels, same frequency
channels. Fig.4 (b) shows ECE spectrum of th& o
“pol_2ch, 104 GHz" signal. During 7.2 to 7.7N
seconds, 2 kHz fluctuation is observed.
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5. Summary
A system that combines the V-band (60 — 65

GHz) MIR and the W-band (96.5 — 104.5 GHz) 26

ECEI has been developed for the LHD. MIR and R (m)

ECEI employs common imaging optics. They also _ _

adopt the HMA that has a wide frequency response ilzrllgfgates ?gge;‘t’;g‘n&rhe%fgf%i 'Tmig"lgfg'%_

50 — 110 GHz. ECE with a frequency of more than Observing area is determined by sight lines of each

97 GHz is selected by using a 95 GHz local antenna element and magnetic field.

oscillator and a 93 GHz high-pass plate. A 1.5-9.5

GHz eight-channel multi-frequency detector has |_|
been developed for ECEI. The frequency of each NBI 4
channel is well separated. Initial results indicate NBI1,2,5| NBI'3 |

that this ECEI system appears to work.
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Fig.4 An example of ECE waveform and FI
analysis. (a) Waveforms of same frequency and
different antenna channels (poloidal direction)) (b
Spectrum of pol_2ch 104GHz.



