COMPUTER MODELING OF THE GAS DISCHARGE
IN THE ELECTRODELESS LAMP
T.1. Frolova, G.I. Churyumov

Kharkiv National University of Radio Electronics, Kharkov, Ukraine
E-mail: frolova@kture.kharkov.ua

The paper is devoted to computer modeling of gas discharge processes underlying working electrodeless light
sources. Researches carried out for the analysis of the relationship of the radiation spectrum to the microwave lamps
from the pressure in the bulb and the concentration of the substance which revealed that, when using the LTE model
in the description of the plasma discharge, various pressure influence the spectral characteristics of the electrodeless

lamps.
PACS: 07.05.Tp, 52.80.-s

INTRODUCTION

At present, the scientific community has devoted
considerable attention to the electrodeless discharge of
the vapor molecular compounds. One of these light
sources can be driven microwaves discharge in the gas
mixture whose main component is vaporized in the dis-
charge of the sulfur [1].

The purpose of this research is to develop mathemat-
ical models and to create on its basis a numerical model
based on gas discharge ignition in the microwave elec-
trodeless sulfur lamp.

1. MATHEMATICAL DESCRIPTION
OF THE STATES OF PLASMA
AND ITS MODELS

Due to the diversity of processes occurring in spa-
tially inhomogeneous plasma, an analytical description
of the actual plasma is generally very difficult. There-
fore, it is usually considered a simplified model of
plasma, and then specifying how real plasma is close to
the accepted model.

Condition of real plasma in an arbitrary pressure is
determined by:

a) the concentration of particles of all kinds N (the
number of particles in unit volume);

b) their velocity distribution function N, (n);

c) the population of the excited levels N, (the num-

ber of particles per unit volume in the excited state);

d) the spatial distribution of these quantities.

Get information on all the above characteristics is
extremely difficult, as the theoretical studies of the
plasma state requires setting up and solving the system
of equations connecting these quantities with the exter-
nal conditions.

For a description of the gas-discharge plasma in the
electrodeless sulfur lamp, formed under the influence of
the electromagnetic field in the flask microwave lamp, it
is advisable to use the LTE model. This model allows us
to qualitatively and quantitatively describe the continu-
ous spectrum of the lamp, as well as the distribution of
basic physical quantities of sulfuric plasma.

According to the model of local thermodynamic
equilibrium temperature in the different elements of the
volume of the medium is different. There is a flow of
radiation outside (radiation field is anisotropic), but in
each volume element of the medium equitable distribu-
tion of Boltzmann and Maxwell, Saha equation, and in
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all of them for the amount of part one and the local tem-
perature is the same for all types of particles.

LTE for most stationary plasmas received in the la-
boratory is typical. Under the conditions of LTE of
plasma the detailed equilibrium for optical transitions it
is broken, so it is advisable to consider radiation and
absorption separately.

2. PHYSICAL PROCESSES IN THE TWO-
COMPONENT MICROWAVE PLASMA

The principle of ionization of gases under the influ-
ence of microwave energy is the base for the plasma
lamp. Microwaves emitted by the magnetron excites
sulfur vapor in argon within the bulb. Highly ionized
gas becomes a plasma state, which begins to emit light
constantly, when a certain operating temperature is
reached.

Trends in the development of the discharge lamp is
sulfuric converting microwave energy into optical radia-
tion. Therefore, for further improvement of the optical
radiation source is necessary to study the physical pro-
cesses occurring in the spherical quartz bulb filled with
a gas mixture which main component is sulfur, when
exposed to microwave radiation. The microwave field
causes a glowing discharge in the buffer gas having a
low breakdown threshold on a low initial pressure. At
the same time heats the field — until evaporation — sulfur
powder. The resulting gas mixture has a high pressure
microwave field needs atoms (as well as dimers and
etc.) of sulfur in the excited state. This applies channel
direct atomic and molecular absorption and the mecha-
nism of the collision. Finally, the re-emission from ex-
cited states forming the observed emission spectrum.

Characteristic lines in the spectrum of the sulfur at-
om is in the open portion of the optical spectrum of a
molecule 867, 921 and 1045 nm. The ionization poten-
tial of each radiating state is less than 3 eV. To get some
idea of the energetic interactions between dimers and
sulfur atom, consider a simplified diagram of the energy
levels of the two systems in Fig. 1.

The figure shows the level diagram of the molecule
on the left and a sulfur atom in the right scale in relation
to each other. Use the dissociation energy of the ground
state of the dimer, and 4.4 eV — energy offset between
the systems.

The ionization energy of the molecule is more at-
tractive since the ionization potential of the molecular
state is less than half of the ground state of the atom.
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Fig. 1. The diagram of the energy levels of sulfur

Thus, if the degree of dissociation is relatively low,
S," ions will be the dominant species. As the level of the
emitting atoms is about 11 eV and higher molecular
state, and their density is exponentially sensitive to tem-
perature, they are ideal for study.

Studies show that the emission spectrum of sulfur
lamp in the visible region is formed mainly by radiative

transitions between the excited level B3ZU and the
ground state X“”Zﬁ of diatomic sulfur molecules S,.

3. DESCRIPTION OF THE SOFTWARE
PRODUCT HID LAMPS V.2.0

A numerical model of the optical radiation source
may be a spherical or cylindrical flask of transparent
anhydrous quartz glass filled with metered amounts of
sulfur (and possibly introduce contaminants, such as
CaBr,) or another substance (e.g. indium iodide Inl) and
buffer gas (argon, neon, krypton). Theoretical studies of
output spectral characteristics of the optical radiation
and their dependence on the microwave power to the
pump wavelength from A1 to A+dA the temperature
distribution inside the bulb, the electrical conductivity
of the plasma, and others, can be carried out by chang-
ing the composition of filling the bulb.

The buffer gas (argon) is used to obtain the initial
ionization and glow discharge (gas pressure is set at the
initial stage). We get the dependence of the dynamics of
change of pressure in the bulb temperature.

The interface developed software HID Lamps v.2.0
is shown in Fig. 2. All output parameters and character-
istics of the charts have the opportunity to be saved in
separate files for further analysis and comparison of the
results with experimental data.

The simulation was performed for the study of elec-
trodeless discharge lamps filled with indium and sulfur
S iodide Inl as active component with the buffer gas
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argon or neon. We studied the effect of the amount of
filling in the luminous efficacy and color rendering in-
dex behavior. These results were tested and experi-
mental studies. However, it was noticed that there are
threshold values for the buffer gas below and above
which can not be taken, since it is impossible to receive
the gas discharge. For an easier ignition is necessary to
take the pressure of the buffer gas is close to the lower
boundary.
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Fig. 2. Interface of the software HID Lamps v.2.0

There were also theoretical studies of the emission
spectrum depending on the nature of microwave tubes
on the pressure in the flask and the concentration of the
substance, such an assumption can be made that, when
using the LTE model to describe the gas-discharge
plasma, the pressure change will primarily affect the
spectral characteristics of the system. Therefore, the
work was to study the behavior of the spectrum lamp for
different values of the buffer gas pressure of argon.

CONCLUSIONS

The software HID Lamps v.2.0 has been developed
based on the LTE model. HID Lamps v.2.0 allows to
perform theoretical study of the optical characteristics
of electrodeless microwave lamps at various input pa-
rameters (composition and weight of the substance, the
buffer gas pressure, temperature, geometric dimensions
of the bulb, and others). As of today, the program is still
being perfected, and it will be possible to get more in-
formation about the physical processes in the plasma in
future.
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KOMITBIOTEPHOE MOJIEJTMPOBAHUE T'A30BOT'O PA3PAIA B BE3JIEKTPOIHOM JIAMIIE
T.H. ®ponosa, I U. ypromos

PaGora mocBAmieHa KOMITBIOTEPHOMY MOJEIHPOBAHUIO Ta30pa3psAHBIX MIPOIECCOB, JEKAIINX B OCHOBE pabdo-
TBI 0€32JIEKTPOAHBIX UCTOYHUKOB CBeTa. VccaenoBanns 3aBUCUMOCTH XapakTepa cruekTpa m3mydeHuss CBY-mamn ot
BEJIMYMHBI JaBJICHUS B KOJIOE M KOHIIEHTPAIMH BEIIECTBa MOKA3alH, 9TO IpH HCIoiap30BaHnu Moxaenu JITP B omm-
CaHWH Ta30pa3psAIHON IITa3MBl H3MEHEHHE JaBIICHISI BIMSET Ha CIIEKTPATbHBIC XapaKTePUCTHKH JIaMII.

KOMIT'FOTEPHE MOJIEJIFOBAHHS I'A30BOI'O PO3PSIY B BE3EJIEKTPO/IHIN JIAMIII
T.1. ®ponosa, I'.l. Yypromos

PoGora mpucBsiueHa KOMI'TOTEPHOMY MOJICTIOBAHHIO Ta30pO3PsJHAX MPOLECIB, 110 JIekKaTh B OCHOBI poOOTH
0e3eNeKTPOITHHUX JUKepel cBiTia. JocmipKeHHs 3aeXHOCTI XapakTepy clekTpa BunpominioBaHHs HBY-mamm Bix
BEJIMYMHM TUCKY B K0JI01 1 KOHIIEHTpalii peyOBMHHM MOKa3aiu, o npu Bukopuctanui mojeni JITP B onuci razopos-
psinHO IIIa3MH 3MiHa THCKY BIUIMBAE Ha CIIEKTPaJbHI XapaKTEePUCTUKH JIaMIL.
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