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Introduction

Recent advances in high-intensity discharge (HID) lamps have greatly attracted the interest

of people working in academic as well as in industrial laboratories. Especial interest has been

lately given to the microwave-powered family of HID lamps. Such lamps are electrodeless in

nature and suffer from no electrode contamination problems, i.e. no wall blackening and no

unwanted chemical species in plasma appear in these lamps and, therefore, their life-time is

practically unlimited. Moreover, the microwaves can sustain the stable discharges over a very

wide range of gas pressures, what even increases the importance of these discharges from both,

technological and theoretical point of view. By using the appropriate microwave applicator,

microwave discharges can be efficiently created and maintained from pressures above several

atmospheres to sub-mTorr pressures. For decades these discharges were, and still are, mostly

maintained within the resonant cavities of small volumes. This is a drawback for such

application as HID lamps, where sometimes large irradiating surface is required. Besides, high

intensity and small discharge volumes of these lamps result in extremely high power densities,

of a few hundreds watts per cirr, what must be overcome by special cooling systems. A few

designs of such lamps were reviewed by J.F. Waymouth in 1993 [1].

However, recently has a qualitatively new way of producing microwave plasma been

proposed, that allows the generation of large volume plasmas. This consist in using

electromagnetic "surface wave" to sustain the discharge. In a surface wave discharge the

plasma is sustained by the field of a guided wave that propagates along the plasma and

dielectric medium surrounding the plasma. These media form the sole propagating and

waveguiding structure, or a part of waveguiding structure when the dielectric is within the

metallic enclosure, that is, no other waveguiding structure is required. As a rule, these

discharges are sustained in a cylindrical dielectric tubes with diameters from 0.5 to above

100mm. The surface wave can be launched from a localized, small size exciter whose axial

length can be very small compared to the plasma column length. The maximum length of the



plasma column is determined by the amount of microwave power coupled to the surface wave.

Provided that the power supplied to the discharge is sufficient, there is no ultimate limit to the

column length, i.e. to the plasma volume [2]. In fact the surface waves discharges can be

operated over a very broad frequency range (few hundreds of kHz to ~10GHz) and since the

surface waves are guided waves, they can propagate also through bent structures [3]. Taking

into account already mentioned gas pressure range, these various positive features have

attracted the attention of people working in different domains of application, including not only

lighting and lasers but also analytical chemistry, surface treatment, ion sources and many

others.

As to the HID lamps, the abilities of surface waves to sustain the discharges of large length

and to propagate along the bent structure could lead to a design of new generation of light

sources. The use of bent discharge tubes in light sources could improve the geometrical

parameters of light sources not affecting the power and cooling. To our knowledge, no

SN'stematic experimental study on surface wave propagation along the plasma column sustained

in bent discharge tubes has yet been reported. In this work we are starting the investigation of

characteristics of a possible surface wave lamp. We use Xenon as the filling gas, which is

widely used in arc discharge lamps and well known as a gas with emission spectrum very

similar to the white light.

Experiment

Basic systems used to generate surface plasmas are reported elsewhere [2-5]. In this work

we used the coaxial re-entrant cavity as a launcher, which was connected to standard

rectangular WR-430 waveguide. The height, outer and inner diameter of the cavity were

35mm. 20mm and 6mm, respectively. The coupling of microwave energy from the waveguide

into the cavity was achieved by movable coupling probe positioned transversally through the

waveguide into the cavity (Fig. 1). Furthermore, the end position of the waveguide was

adjustable by means of a moveable short. These two degrees of freedom allowed to improve the

matching for different kind of discharge tubes, which were partly inserted in the cavity. Whole

system was driven by 850W. 2.45GHz magnetron working in pulse-mode with the repetition

frequency of 60Hz and pulse duration of about 2.5ms. The isolator and bi-directional coupler

were used to enable the monitoring of incident and reflected power.

The discharge tubes for the experiments were made of quartz-glass. Tubes with inner

diameter of 2 and 4mm. wall thickness of lmm, length from 50 to 400mm and Xe-gas



pressures of 20 and lOOTorr were used. In the case of bent tubes L-type shaped tubes with the

radii of curvature from 2.5 up to 50mm and straight 50mm ending on both sides were

investigated.
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Fig. 1. Schematic diagram of experimental apparatus

The power transmitted into the cavity was sufficient to ignite the discharge, which

consequently spread out of the cavity filling the whole tube volume. We have found that this

happened regardless of whether the tube was straight or bent and regardless of the curvature

radius to wavelength ratio (Fig.2a-e). Since the end of the discharge tube is an abrupt change

for the wave propagating along the plasma column, a part of the energy was reflected resulting

in the formation of the standing surface wave with wavelength of 110mm (Fig.2a). Only in the

case of 400mm long tube it was possible to decrease the power to the level, when the discharge

ended before reaching the end of the glass tube i.e. the discharge was able to absorb entire

provided power and the discharge was sustained by travelling surface wave. For the other

tubes, shorter than 400mm. the minimum power to ignite the discharge was too high to sustain

the plasma column in travelling mode. The power delivered to the discharges varied from a few

tens of watts up to about 300 watts.

At the pressure of 20 Torr azimuthally homogeneous discharges were observed, what is

with agreement with the results reported for low pressure surface wave discharges [2-6], where

in the tubes with smaller inner radius R (f.Rjs 2GHz.cm, where f is the frequency [3]) the

azimuthally symmetric wave mode m=0 is sustained. However, at the pressure of 100 Torr the

discharges were converted into the filamentary form which was clearly seen especially at lower

powers (Fig.2b). The branching of the filaments indicates that at higher pressures the surface



wave discharge is probably sustained by other than m=0 surface wave mode. Surprising]}- this

filamentary discharge can support the standing wave, when a metallic plate is used to induce

the wave reflection. The filamentation took place also in bent discharge tubes (Fig.2d).

Conclusion

This contribution presents the preliminary results of the investigation of the high pressure

Xe microwave discharge in bent tubes which was sustained by electromagnetic surface wave.

This research is aimed to help with the design of a new generation of high intensity light

sources with generally more complex shapes than those commonly used. Our results show that

the electromagnetic surface wave can effectively sustain discharge in tubes with various

bending radii within the large pressure range. The curved shapes of discharge tubes improve

the cooling of the lamp which is one of the major technological difficulties. It was shown that

under relatively lower powers and higher gas pressures (lOOTorr) the discharge exhibits a

streamer-like filamentation and the branching of filaments. The phenomena of the effective

sustaining of the discharge by surface wave propagation along curved plasma columns will be

investigated in more details by measurements of the profiles of surface wave electric and

magnetic field intensities.
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Fig.2. A surface wave discharges in quartz-glass tubes filled with Xenon: (a) the standing

surface wave sustained in the tube of inner diameter d=4mm, gas pressure p=100Torr; (b) the

filamentation of discharge in straight tube at lOOTorr: (c) the surface wave discharge in bent

tube at 20 Torr, the inner diameter and radius of curvature were d=2mm and R= 25mm.

respectively; (d) the filamentation of the discharge in the same tube at lOOTorr; (c) an odd

quenching of the discharge in the same tube at 20Torr;


