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CHARACTERIZATION OF ELECTRON CYCLOTRON RESONANCE DISCHARGES 

PRODUCED BY A SLOTTED HELICAL ANTENNA IN A MIRROR MACHINE 

ABSTRACT 

This thesis presents investigations in high density plasma production by high power CW 

microwaves (frequency: 2.45 GHz: power < 2.5 kW) using a slotted helical antenna near electron 

cyclotron resonance (ECR) and the characterization of the plasmas so produced. The characterization 

experiments were undertaken in two separate power ranges: the low power range (< I kW) and the 

high power range (5. 2.5 kW). The configurations used for the two sets of characterizations were 

somewhat different, as discussed below. The slotted helical antenna used in these experiments was 

designed on the basis of considerations developed in earlier studies(1-41. 

The design, fabrication and assembly of the experimental system used for We experiments are 

discussed in the thesis. The experimental set-up consists of the plasma chamber (length 	2.3 

diameter 	15 cm). the vacuum system, the electromagnet coils and their power supplies and the 

water cooling systems. The magnetic field profile is that of a nurror with a mirror ratio of 1 1.8. rhe 

profile has a flat central region of z. 25 cm length. The peak magnetic field that can be obtained at 

the throats is = 2 kG. All measurements for the characterization experiments were taken using 

1...anginuir probes (LPs). A detailed discussion is presented on the techniques used for analysing the 

LP data for obtaining the hulk plasma density, the bulk electron temperature. the warm electron 

density and temperature, and the plasma potential. Lam's theory has been used for computing the 

plasma density .  

For the purpose of plasma production, a high power microwave line was designed and 

fabricated for transmitting the microwave power from the generator to the antenna located inside the 

plasma chamber. The details of the various microwave components are also discussed. Besides 

standard microwave components like dual-directional couplers, circulators and water loads, the line 

also uses several specially designed components like an arbitrary ratio power-splitter. a linear to 

circular polarization converter (a polarizer), a waveguide triple stub tuner for a wide dynamic range 

of impedance matching and a low-loss vacuum seal. The design of such components becomes critical 

since the high microwave power used in the experiments is CW and not pulsed. 

(i) 



A critical component of the microwave line is the water cooled helical antenna. The design 

and excitation of the antenna was undertaken on the basis of earlier theoretical and experimental 

studiesfl -4]. The antenna was designed as a mode selective structure (anti-resonant cavity open at both 

ends), for the slow wave mode of the helix loaded waveguide. In this configuration the fast \VaVeS 

supported strongly by the system, are eliminated. The antenna was excited by a conical horn which 

normally launched the linearly polarized TE li  mode; the polarization of the microwaves launched by 

the horn could also be changed to right-hand polarized (RHP) waves and left-hand polarized (1...11P) 

waves as required. The helical antenna and the horn were fabricated as a single integrated unit. 

In the low power characterization experiments, the horn and the helical antenna were 

separated by a thin mica sheet which prevented the discharge from penetrating into the horn region. 

This arrangement did not alter the transmission characteristics of the horn and allowed the antenna 

to be tested in isolation. Two different discharges - the resonant and the non-resonant discharges were 

studied, In a resonant discharge the magnetic field at the edge of the helical antenna is equal to the 

LCR value, so that a resonant coupling of the electrons and the microwaves can occur hi a non-

retionan discharge the value of the magnetic field is higher than the resonant value throughout the 

mirror The experiments in low power configuration )with the mica sheet) include characterization 

Elf the discharges as a function of the gas pressure, the microwave power ( -z 1 kW) and the inaglienc 

field. From these experiments, it could he shown conclusively that the warm electron component 

detected on the 1,p are responsible for the formation of the hulk plasma through impact ionization o) 

argon atoms. h was found that the hulk plasma in these experiments are not mirror trapped 

Electrostatic confinement could be observed in one case, however, The warm electron population is 

seen to he mirror trapped and the axial warm electron profile could be used for understanding the lack 

of confinement of the bulk, plasma in the mirror. 

Following the experiments, additional studies were undertaken in which a long quartz tube 

(diameter '4-4 12.5 cm) was introduced into the plasma chamber and the plasma produced by the helical 

antenna was allowed to flow into this tube. In this configuration the radial boundary condition seen 

by the plasma is modified. In these studies, the bulk plasma was seen to be confined within the mirror 

(at a pressure of 3 x 10-4  Torr) and an onset of bulk electron heating could also be observed. No 

warm electron population could be detected and the plasma potentials developed were also high. All 

these aspects arc discussed in detail in the thesis. 



In the high power (5 2.5 kW) plasma production experiments the mica sheet separating the 

horn and the helical antenna was removed, since a discharge is formed inside the horn in any case. 

Thus, removal of the mica sheet allows the formation of a single, continuous plasma column. These 

experiments, however, were plagued by severe bombardment of the vacuum window by the plasma, 

which led to a restriction of the pressure range in which the experiments could be undertaken. (For 

reasons discussed in the thesis the window could not be moved back also.) 

Plasma production experiments in the above configuration were carried out using linearly 

polarized, RHP and LHP waves. It was seen that the linearly polarized and RHP waves can produce 

100% ionization (at pressures P4 1-2x104  Torr) for both resonant and non-resonant discharges. In most 

cases an enhancement over the neutral particle density could be observed due to improved 

confinement. The resonant discharge using LHP waves, produced almost similar results as the RHP 

and the linearly polarized waves did. (This result is somewhat unexpected since the LHP wave is not 

expected to undergo resonance at ECR.) The non-resonant diScharge using LHP waves was found to 

be a very weak discharge (underdense), These aspects are discussed in detail in the thesis. Finally, 

an attempt was made to understand the unexpected nature of the resonant discharges using LHP 

waves, in terms of the modes of plasma loaded helices and waveguides[5,6}. 
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