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Abstract

A new conceptual antenna, which we call as a spiral antenna, is proposed as a

traveling wave antenna for fast wave current drive in tokamaks. The features of the spiral

antenna are a sharp Nz spectrum, easy impedance matching, Nz controllable and good

coupling. A back faraday shield is proposed for improving the cooling design of Faraday

shield and better antenna-plasma coupling. A helical support which is a compact and wide

band support is proposed as a kind of quarter wave length stub supports. The RF properties of

the spiral antenna and the back Faraday shield have been investigated by using mock-up

antennas. The VSWR of spiral antenna is low at the wide frequency band from 15 MHz to

201 MHz. The back Faraday shield is effective for suppressing the RF toroidal electric field

between adjacent currents straps.

1. Introduction

Non-inductive current drive is necessary for continuous operation of a tokamak-type

fusion reactor. The fast wave current drive (FWCD) is the most promising method for driving

current in the central region of a high density and high temperature plasma.

The loop antenna has been adopted for exciting fast wave in the heating experiments.

At the first phase of the FWCD experiments, the four loop antenna array was adopted in JFT-

2M [1]. It was difficult to match the four loading impedances at the accurate phases and the

same antenna currents, simultaneously, because of the strong mutual coupling among the

antennas. The solid septum is effective for decreasing mutual coupling of antenna array,

however, the image current on the solid septum make a counter directional Nz spectrum [2).

The effect of image current on the slotted septum was still harmful for making a high

directivity of Nz spectrum.

A new concept of a traveling wave antenna (TWA) was proposed by C. Moeller [3].

This concept is that the excitation of traveling wave in the tokamak plasma should be used the

traveling wave antenna, that is a kind of slot antenna, with a ring resonator, as shown in Fig.l.

The benefits of TWA are a easy impedance matching and a sharp N2 spectrum. The comb

line antenna proposed by C. Moeller is all metal and tight structure. The slow wave circuit of

- 49 -



JAKKI Conf 9-1 001

the comb line antenna is made by adding the capacitance of the comb-like elements to the

transmission lines.

The spiral antenna proposed by JAERI is one of the traveling wave antennas whose

slow wave structure is made by the helical current strap wound around the central metal box.

2. Spiral Antenna

The conceptual view of the spiral antenna is shown in Fig. 2. The spiral current strap,

which is wound around the central metal box, is supported by the quarter wave length stub,

where the central metal box is supported by the side wall. The spiral antenna is the traveling

wave antenna in both of the toroidal and poloidal directions. The main different point from

the comb line antenna is a poloidal current profile due to the poloidal traveling wave antenna.

Figures 3(a) and 3(b) show the poloidal current profiles of the spiral antenna and the comb

line antenna. The voltage and current profiles of the spiral antenna are constant along the

current strap in the poloidal and toroidal directions. On the other hand, the antenna current is

minimum and the antenna voltage is maximum at the tip of the comb-like element in the

comb line antenna. Therefore, the RF magnetic flux (made by antenna current) of the spiral

antenna is larger than that of the comb line antenna. Then, the coupling of spiral antenna is

probably better than that of the comb line antenna.

The double spiral phased (DSP) antenna array is a Nz controllable spiral antenna as

shown in Fig.4. That is, the selection of co-current drive, counter-current drive and out-of-

phase heating is possible by changing the phase difference between the two feeders: No.l and

No.2. The table 1 indicates the examples of phased operations of DSP antenna arrays. Of

cause, the construction of the triple or quadruple spiral antenna arrays are available for the

excitation of N2 spectrum with a high directivity. However, the operation of the multiple

spiral antennas is as difficult as that of the conventional antenna array.

Table 1. Phase operation of DSP antenna array.

Phase Difference

between No.l & 2

90°

-90°

0°

Ant.l

&5

0°

0°

0°

Ant.2

&6

90°

-90°

0°

Ant.3

&7

180°

-180°

180°

Ant.4

&8

270°

-270°

180°

Experiments

Co-Current Drive

Counter-Cunrent Drive

Heating in Out-of-Phase

3. Helical support

The neutron damage may degrade RF properties of ceramic insui... %rs used in a fast

wave antenna, so that the all metal antenna is suitable for a fusion reactor. A quarter wave

length stub support is one of the components of all metal antenna. The principle of the

quarter wave length stub support is the application of a high impedance RF circuit instead of
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an insulator. The equivalent circuit is shown in Fig. 5(a). The input impedance of the shorted

RF transmission line is given by Zs=j«ZntanPL, where Zo is the characteristic impedance, p is

phase constant and L is the length from the short point. Z s is very high impedance at the L of

nearby the odd times of the quarter wave length, so that the current into this parallel circuit is

very small.

The compact and wide band support demands the short wave length and the high Zo of

the stub support. Therefore, the helical support is suitable for the all metal antenna, because

that the wave length is shorted by helical structure and the Zo can be designed to be high.

The two types of helical support: the inner and outer helical supports are shown in

Figs. 5(b) and 5(c), respectively. Figure of merit of shortening effect of the helical support is

V I + (a • r) , where "r" is winding radius and a = ~ . The shortening effect of the outer

helical support is more effective than that of inner helical support, because of large r. The

mechanical structure of the outer helical support is more tight than that of the inner helical

one. On the other hand, the inner helical support has a simple structure, so that it can be

made easier than the outer helical support.

4. Back Faraday shield

Faraday shield is one of the key issues on designing the antenna. 1CRH experiments

with and without the Faraday shield have been performed for checking the function of

Faraday shield in TEXTOR [4]. The experimental results with and without Faraday shield are

not so different except the impurity generation. However, the toroidal phasing of phased

antenna array may excite the strong toroidal electric field along the magnetic field line, and

the one of the functions of Faraday shield for adjusting the characteristic impedance of the

strap is lost in the antenna without the Faraday shield. Then, the back Faraday shield (BFS)

was proposed by JAERI. Figure 6 shows the conceptual view of the back Faraday shield,

which is located behind the current strap. The functions of the back Faraday shield are to

reduce the toroidal electric field and to decrease the charactenstic impedance of the current

strap. The low power test in a mock-up antenna proved that the BFS is effective for reducing

the RF toroidal electric field.

5. Development of the spiral antenna for JFT-2M

The fast wave current drive system has the RF generator power of 800 kW at a

frequency of 200 MHz in JFT-2M. The antenna design has been performed on the

assumption of the poloidal 2 stage spiral antenna. Each spiral antenna will be fed by each

ring resonator. The optimum N z spectrum for the fast wave current drive is calculated to be

about 5 at a central electron temperature of 3 keV.

The mock-up antenna, which is upper half model with insulator antenna supports, was

constructed for investigating the basic RF properties of the spiral antenna. The mock up
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antenna consists of the eight turns spiral antenna and the central metaJ box with the back

Faraday shield, as shown in Fig.7. Figure 8 shows the return loss from the one port of tiie

mock-up spiral antenna with the other port terminated. The measured data indicates that the

reflected points are mainly at the connecting points between the antenna feeder and the

current strap. Because, the length calculated by the frequency interval of low reflection points

agrees with the total antenna length (-4.5m). The VSWR at each connecting point is lower

than 1.35 at the frequency range from 15 to 201 MHz. The reflected power is below 0.05% at

the used frequency of 200 MHz, which is sufficient for the traveling wave resonance in the

ring resonator.

6. Summary

The spiral antenna is proposed as the traveling wave antenna for the fast wave current

drive. The benefits of the spiral antenna are the sharp N/. spectrum, the easy impedance

matching, the N?. controllability ami the good coupling. The hack Faraday shield is proposed

for suppressing the KF toroidal electric field and adjusting the characteristic impedance of the

current strap for the conventional antenna airay and the spiral antenna array. The helical

support is proposed as a compact and wide band ail metal support. In particular, the outer

helical support is attractive, because of compact and tight structure. The jests of the mock-up

antennas for the back Faraday shield and the spiral antenna in low power have been

performed. The back Faraday shield reduces RF toroidal electric field between the adjacent

antenna array. The RF properties of the mock up of spiral antenna are confirmed to be good

at a wide frequency band from 15 to 201 MHz.
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Fig.1 Principle of a traveling wave antenna
with a ring resonator.

Fig.2 Conceptual view of Spiral Antenna
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Fig.7 Mock-up Spiral Antenna with BFS
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Fig.8 Returned loss of the mock-up spiral antenna
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