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Abstract A vertical resolved 16-channel electron cyclotron emission imaging

(ECEI) diagnostic has been developed and installed on the HT7 Tokamak for
measuring plasma electron cyclotron emission with a temporal resolution of 0.5
us. The system is working on a fixed frequency 97.5GHz in the first stage. The
sample volumes of the system are aligned vertically with a vertical channel
spacing of 11 mm, and can be shifted across the plasma cross-section by varying
the toroidal magnetic field. The high spatial resolution of the system is achieved
by utilizing a low cost linear mixer/receiver array and an optical imaging system.
The focus location may be shifted horizontally via translation of one of the
optical imaging elements. The detail of the system design and laboratory testing
of the ECE Imaging optics are presented, together with HT7 plasma data.
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1. Introduction

In magnetized toroidal plasmas such as those in tokamaks, the electron
cyclotron emission (ECE) arises from the gyro motion of electrons. In optical
thick plasma, the intensity of the ECE radiation is proportional to the local j e .
As the ECE frequency depends on the magnetic field, which is a monotonically
decreasing function of the major radius, local j e can be obtained by frequency
resolved ECE measurements [1].

Conventional ECE radiometry uses a single antenna/receiver aligned along
a horizontal chord in the direction of the major radius to measure electron
temperature. It has been standard diagnostics for measuring plasma electron
temperature profiles in magnetized toroidal plasmas since 1974 [2]. Its spatial
resolution in the transverse direction of the sight line is limited by the
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divergence of the beam pattern of the antenna, typically about 2-3 cm. And it is
generally limited to ID horizontal measurement along the major radius. The
poloidal spatial resolution of such a system is very poor.

Recently, a novel plasma diagnostic, electron cyclotron emission imaging
(ECEI)[3], has been developed and operated on the Texas Experimental Tokamak
Upgrade (TEXT-U)[4, 5], the Rijnhuizen Tokamak Project (RTP)[6], the Torus
Experiment for Technology Oriented Research (TEXTOR)[7, 8] tokamaks and
the Large Helical Device (LHD) [9]. The principle of the diagnostic is illustrated
in Fig.l. Instead of using a receiving horn antenna, it utilizes a vertically aligned
schottky barrier diode mixer/receiver array [10] and special imaging optics so
that it can achieve a high spatial resolution about lcm. These diagnostic systems
have demonstrated excellent poloidal spatial resolution and two dimensional
measurement capabilities, and have proved to be an extremely useful tool for the
study of fine scale structures of Te profiles and small amplitude plasma
fluctuations [4, 6, 11].

In continuation of this diagnostic development research, a two dimensional
ECEI system will be installed on the HT-7 Tokamak. As the first stage of this
project, a one-dimensional vertical 16 channel ECEI system working at a fixed
97.5GHz has been installed on the HT-7 Tokamak. In Sec.2, the ECEI optical
design and its performance are discussed in detail. The details of the electronic
system are presented in Sec.3. Preliminary plasma data are presented in Sec.4.

2. ECEI OPTICAL DESIGN AND PERFORMANCE
The optical layout of the HT-7 ECEI system is illustrated in Fig. 2. The

system uses a horizontal diagnostic port window (HDPE, 40 cm high, 8 cm
wide). The positions and focusing properties of lenses 1-3 and the substrate lens
are designed to image the ECE layer onto the mixer array which resides on the
back of the substrate lens. It includes four lenses: one substrate lens, two E plane
focusing lens (lens 2 and lens 3), and one H plane focusing lens (lens 1). Both
the E plane and H plane focusing lenses are cylindrical lenses so that the E plane
and H plane can be focused individually. That makes it easy to adjust the
focusing planes. By the translation of Lens 2, the E focusing plane can be easily
shifted horizontally. And it also makes the lens easy to fabricate.

The antenna array is borrowed from Prof. Luhmann's group of U.C. Davis.
It is the backup antenna array for ECEI system installed on TEXTOR. It is a
dual dipole antenna, which offers numerous advantages over the slot bowtie
antenna, including superior H-plane antenna patterns and a wider intermediate
frequency (IF) bandwidth [7]. Because the array is not designed for using in
97.5GHz, the antenna pattern is not good as shown in Fig.3. This makes the spot
size larger than the channel spacing and introduces some cross channel talk in
the nearby channels.

Prior to the installation on HT-7, the channel positions and focal plane beam
patterns of the ECEI system were characterized in the laboratory. The E Plane
(vertical direction) focal plane patterns measured at 97.5GHz with d=640 mm
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are shown in Fig.4. It is seen that the interchannel spacing is a uniform 11 mm
on all channels, with a 1/e beam spot size that varies from 13 to 17 mm and with
relatively low side lobe levels. The H plane (toroidal direction) spot size is
approximately 23 mm, with an interchannel (staggered) spacing of 19 mm.

A fixed Gunn oscillator working at 97.5GHz with an output power of 40
mW is utilized as the local oscillator. This Gunn oscillator is made by RPG. The
output of the Gunn oscillator is coupled to the mixer array by one spherical lens
and one cylindrical lens comprised of HDPE. The two HDPE lenses transform
the output from a W-band horn antenna to an elliptical beam, focused at the
mixer array.

3. ECEI ELECTRONICS
Shown in Fig. 5 is the block diagram of one of the 16-channel IF detection

circuits. Each signal from the array mixer is preamplified (-48 dB) by
MiniCircuits's low noise amplifiers. Passed through the bandpass filters, the IF
signals are converted into video signals by Metelics Corporation's MSS20000
series zero bias Schottky detector diodes. The diode detectors, video amplifiers,
and low pass filters are integrated into compact, low cost IF detectors that are
enclosed in shielding boxes approximately 7.5x6.5x4 cm3 in size. The output
voltage of the IF signal power (and thus proportional to fe ), and to match the
ADC's dynamic range of -2.5-2.5 V. In order to apply the auto-correlation
technique, The 3 dB frequency of the low pass filters is set to 1 MHz. A total of
16 IF detectors are fabricated for the 16 mixer channels. The IF frequency
response, sensitivity, and video response of the 16 IF detectors have been tested
and the maximum variation between channels is within 20%.

The signals coming out of the video amplifiers are recorded by four
simultaneous DAQ cards: ACQ16PCI, which is made by D-TACQ. It could
provide a sample rate up to 6 MSPS for 16 channels with 14 Bit resolution and
16 M sample length. The DAQ system uses differential input with a dynamic
range of-2.5-2.5V and has a good immunity to the interference.

4. INITIAL EXPERIMENTAL RESULTS
The ECEI system was just installed on HT-7 in May 2005. The operational

time has been very limited. It has only been tested in Ohmic discharges. Plotted
in Fig. 6 are time histories of four ECEI signals for HT-7 shot 79227,
normalized to unity and offset to better compare signals, showing significant
sawtoothing activity during Ohmic discharges. The discharge conditions are:

Bo=1.78T, Ipa=165kA, ^ =2xl0 1 3
c m" 3 . The corresponding radial location is

at R=124cm The experimental data are still under processing. Improvement of
the uniformities of the 16 channels are being made.
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FIG.1. Principle of the ECE imaging diagnostic
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FIG. 2. Optical Layout of the HT-7 ECEI system
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FIG.3. The antenna pattern of the antenna array in 97.5GHz.
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FIG.4. Focal plane (E) beam patterns, measured at 97.5GHz with d=640 mm.
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FIG. 5 Block diagram of one of the 16-channel IF signal detection circuits.
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FIG. 6 Time evolution of four ECEI signals.
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