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Abstract. Dielectric barrier discharges (silent discharges) are used to excite a large number of 
excimers radiating in the VUV, UV or visible spectral range. The excited species include rare-gas 
dimers, halogen dimers as well as rare-gas halogen excimers and mercury halogen excimers. 
In many cases narrow-band UV radiation of typically 1-17 nm halfwidth and remarkable 
efficiency (1-10%) could be generated. Thus, dielectric barrier discharges provide a simple, 
versatile arrangement to study the basic reaction kinetics of excimer formation and also bear a 
substantial potential for large-scale industrial UV processes. 

PACS: 52.80, 33.00, 82.50 

Radiation sources emitting UV photons in the energy 
range of 5-10eV have found a number of interesting 
applications because they are capable of splitting most 
chemical bonds. This has led to a number of new photo- 
initiated surface and volume processes like surface modi- 
fication and cleaning as well as material deposition 
processes. 

Many of these effects are being investigated with the 
aid of strong UV lasers, for example excimer lasers or 
nitrogen lasers. Alternatively, processes using UV lamps 
have been propagated. Due to their simplicity and 
reliability UV lamps have definite advantages over lasers 
when large-scale industrial processes are envisaged. Un- 
fortunately, the available intensities especially in the 
vacuum UV range are very moderate. UV sources based 
on incoherent excimer emission [1-7] can provide an 
interesting alternative to conventional UV lamps. 

The aim of this report is to demonstrate the potential 
of dielectric barrier discharges for excimer generation. We 
started out with the hypothesis that it should be possible 
to excite the excimers known from excimer lasers. In the 
course of the investigation it became apparent that the 
number of excimers that can be generated in these 
discharges is much larger. Their individual emission 
bands extend from the VUV to the visible part of the 
spectrum. 

1. Dielectric Barrier Discharges 

The dielectric barrier discharge is a very versatile high- 
pressure non-equilibrium discharge. Its electron energy 
lies in an ideal range for plasmachemical processes and 
can be controlled by external parameters. Today, the 
main application of the dielectric barrier discharge is the 
generation of ozone from air or oxygen. This process has 
become one of the major industrial plasmachemical 
syntheses [8]. The discharge configuration is character- 
ized by the presence of at least one dielectric barrier in the 
current path between the electrodes and the discharge 
space. At higher pressure (0.1-10 bar) the discharge splits 
up into a large number of randomly distributed microdis- 
charges of nanosecond duration. Each microdischarge 
consists of a thin cylindrical current filament which 
spreads into a surface discharge at the dielectric. The tiny 
plasma columns of the microdischarges can be character- 
ized as high pressure transient glow discharges. Detailed 
experimental and theoretical investigations into the 
plasma parameters of these microdischarges were carried 
out with the aim of understanding and optimizing the 
performance of ozonizers [8-13]. The dielectric barrier 
serves two functions. It distributes the microdischarges 
evenly over the entire electrode area and it limits the 
amount of charge and energy that can be fed into an 
individual microdischarge. The duration of an individual 
microdischarge for a given gas is also determined by the 
dielectric barrier which provides the capacitive coupling 
to the external circuit. After typically a few nanoseconds a 
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microdischarge is choked due to charge build up on the 
dielectric which results in a local reduction of the electric 
field within the filament. Once the field falls below the 
ionization threshold, recombination and attachment pro- 
cesses take over and the current flow stops. Thus the 
current flow in a microdischarge is interrupted at a fairly 
early stage of discharge development. The plasma con- 
ditions in these microdischarges are ideal for excimer 
formation. The mean electron energy can be chosen to lie 
in the range of 1-20 eV and the electron density to be of 
the order 1014_ 1015 cm-3. The charge carriers are created 
in the microdischarges by direct impact ionization due to 
electrons accelerated in the imposed field. The mean 
energy of the electrons and the short duration of the 
microdischarges preclude noticeable heating of the heavy 
particles in the filaments and the surrounding gas. The 
major fraction of the energy gained by the electrons in the 
electric field is deposited in excited atomic and molecular 
states. 

It is an important feature of these discharges that the 
plasma parameters can be influenced and thus optimised 
by external means. The mean electron energy is mainly 
controlled by the reduced electric field E/n at breakdown. 
This parameter can be influenced by the pressure in the 
discharge, the electrode spacing and the voltage slope 
dU/dt at breakdown. Figure 1 shows these relations for 
pure xenon [14]. In the left-hand part the dependence of 
the mean electron energy on the reduced electric field E/n 
is given. The right-hand part shows the relation between 
the reduced field at breakdown and the product of the 
particle density n times the gap spacing d. The lower curve 
corresponds to the Paschen curve which gives the crite- 
rion for stationary breakdown in a homogeneous field. 
With fast rising voltages and in configurations in which 
long time delays before breakdown are observed this 
Paschen condition can be overshot. In Fig. 1 the effective 
breakdown field was assumed to be 50% higher than the 
Paschen field. The arrows indicate the possibility of 
influencing the mean electron energy by changing the 
parameter nd. The electron density in a microdischarge 
can be controlled again by the pressure and by the 
properties of the dielectric barrier (thickness and dielectric 
constant). 
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Fig. 1. Relation between mean energy e of the electrons, reduced 
electric field E/n and the product of particle density n times gap 
spacing d for xenon 

2. Experimental Arrangement 

Utilizing the dielectric barrier discharge it is possible to 
construct UV sources of various geometries by making 
one or both electrodes and the dielectric barriers trans- 
parent to the radiation generated in the discharge space 
[-4, 6]. Two experimental configurations were employed. 
The first configuration was used to study the emission in 
the spectral range above 150 nm. The geometry of such a 
cylindrical source of approximately 20cm length is 
sketched in Fig. 2. In this case tubes of Suprasil 1 quartz 
were chosen as dielectric barriers, because of its dielectric 
properties and its superior UV transmission. The UV 
radiation was generated in an annular discharge gap 
containing different gas mixtures. The whole UV source 
was mounted in a thermostat that could be flooded with 
dry nitrogen and heated up to 150 ° C. The heating was 
achieved by applying heating wires around the outer 
surface of the thermostat. For investigations of iodide or 
bromide excimers a reservoir containing liquid bromine 
or solid iodine was attached to the source. The reservoir 
was connected by means of a valve to the source and was 
located outside the thermostat. This "cold spot" could be 
heated by a hot gas fan to generate a particular vapour 
pressure of iodine or bromine. Experiments with mixtures 
containing mercury were performed by filling a liquid 
drop of high-purity Hg into the annular discharge gap. 
With this configuration emission was detected that was 
emitted predominantly along the axis of the microdis- 
charges. The second source was used to study radiation 
below 150 nm. In that case a construction made of glass 
was equipped with a LiF window through which the 
emission could be coupled out (Fig. 3b). The microdis- 
charges always stand perpendicular to the dielectric and 
the electrodes. The configuration of Fig. 3b was construc- 
ted in such a way that the radiation emitted at 90 degree to 
the microdischarge axis was investigated. 

Before filling the devices with high-purity gases they 
were cleaned chemically and by gas discharge sputtering 
and evacuated by a turbomolecular .pump to pressures 
below 10 -v mbar. The discharges were driven by sinus- 
oidal voltages in the frequency range between 50 Hz and 
several hundred kHz. Depending on gap spacing, gas 
composition and filling pressure the required peak vol- 
tages ranged from 3 to 20kV. The charge transported 
across the gap and the voltage were registered by a fast 
transient digitiser. The electrical power was determined 
from a voltage versus charge Lissajous figure - a method 
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Fig. 3a, b. Experimental arrangement: a for measurements of spec- 
tra above 150 nm, b for measurements of spectra below 150 nm 

that is well established for dielectric barrier discharges in 
ozone research [8]. 

Both devices could be connected to a 0.3 m VUV 
spectrograph (Acton Research, model VM503). The 
complete arrangement as shown in Fig. 3a was flooded 
with dry nitrogen to overcome the absorption by air in the 
wavelength region below 200 nm. For the recording of UV 
spectra a VUV optical spectrum multi channel analyzer 
(OSMA, Princeton Instruments, type IVUV700) was 
mounted at the exit of the spectrograph. The local 
resolution in the spectral plane was better than 12 
channels of the diode array per nm. The distance from one 
channel of the detector head to the next was 25 gm. The 
obtained spectra could be displayed and stored by a 
McIntosh II personal computer. 

3. Results  
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0.5-2 eV. In our discharges rare-gas (Rg) excimer forma- 
tion involves mainly two steps: The excitation of a rare 
gas atom Rg by electrons of suitable energy and the 
formation of the excimer complex by a three body 
reaction. 

e + Rg ~ e + Rg*, (1) 

Rg* + Rg + Rg ~ Rg* + Rg. (2) 

The first step requires an electron energy of at least 
8-20 eV. The second step occurs only if reaction (2) is 
faster than any de-excitation processes of Rg* like 
radiative transitions or collisional quenching. In addition, 
the Rg* complex is initially formed in a vibrationally 
excited state which has to be stabilized before it can fall 
apart. Since step (2) is a three body reaction a higher 
pressure will always favour excimer formation. 

In addition to this straight forward reaction, ad- 
ditional reaction paths involving higher lying excited 
states and electronic recombination processes of Rg + and 
Rg~- have to be considered. In electro-negative gases also 
the recombination of positive and negative ions can be a 
major path leading to excimer formation. 

Detailed calculations treating Xe* formation in dielec- 
tric barrier discharges in pure xenon were presented in 
[6]. The electron energy distribution function was ob- 
tained by solving the Boltzmann equation for a weakly 
ionized xenon plasma. A fairly complex reaction scheme 
treated reactions involving electrons and charged and 
excited atomic and molecular xenon species. The pre- 
dicted intrinsic UV efficiency under optimum discharge 
conditions reaches about 40%. This high value is in 
agreement with recent calculations performed for electron 
beam excitation of xenon [19] and krypton [20]. The best 
experimental UV efficiencies for xenon in the dielectric 
barrier discharge are close to 10% [6]. Considering the 
solid angle of the detection system and the transmission of 
the quartz envelope this value would correspond to an 
intrinsic efficiency of about 30%. 

For efficient excimer formation certain conditions 
have to be fulfilled. The two main requirements of a 
reasonably elevated electron energy and simultaneously a 
high gas pressure require a high-pressure non-equilibrium 
discharge. Since no common stationary discharge can 
fulfil these requirements a repetitively pulsed discharge 
like the silent discharge with its many microdischarges is 
ideally suited for this purpose. 

3.1. Pure Rare-Gas Excimers 

The first indication of molecular structures in spectra of 
helium discharges were found as early as 1913 [-15, 16]. 
Extensive investigations into the properties of the He* 
excimer were carried out by Hopfield [17] and the first 
mentioning of rare gas excimer formation in silent 
discharges was made by Tanaka [18]. The word excimer 
(excited dimer) is used to describe a slightly bound excited 
molecular state of complexes that do not possess a stable 
ground state. Apparently, all rare gases can form a slightly 
bound excited dimer lying about 8-20eV above the 
repulsive ground state and having a potential dip of about 
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Fig. 4. Spectra of Ar*, Kr2*, Xe2* excimers in a dielectric barrier 
discharge 



Excimer Emission in Dielectric Barrier Discharges 

172 

147 

Continuum 

Continuum 

resonance 

line 

2 3 4 5 

x 

6 7 r (A )  

F i g .  5. Part of the potential energy diagram of xenon and corre- 
sponding excimer emission (after 121]) 

B ~lb X f%~ 50 rnbar 
172nm [ ~ To.bar 

0,8 Xe h 146.96 nm / \ lOOmbar 

0.6 j \ 

- 0,4 t ~, / 

\ 

0.0 
130 140 150 160 170 180 190 200 

Wavelength  (nm) 

Fig. 6. Pressure dependence of the xenon spectrum in a dielectric 
barrier discharge. At low pressure a homogeneous glow discharge is 
established radiating mainly at the resonance line. Increasing 
pressure leads to more and more excimer radiation and a visible 
transition to the fully established microdischarge mode 

Our investigations were restricted to wavelengths 
above 100nm. For this reason we only recorded the 
excimer continua of argon, krypton, and xenon. Figure 4 
shows the intense second continua which correspond to a 
transition from the lowest vibrational levels of the two 

i + 3 + lowest lying bound electronic excimer levels ( X,,  X, ) to 
the repulsive ground state. The half width of these 
continua is about 10-17 nm. 

Taking xenon as an example we can clearly show the 
transition from the resonance line at 147rim to the first 
continuum at 150 nm and finally to the second continuum 
at about 170nm with rising pressure (Figs. 5, 6). The 
resonance line dominating at 50mbar results from a 
transition 3 p _ l S o  ' the first continuum appearing at 
100mbar corresponds to transitions from vibrationally 
excited excimer states (1X=+, 3X,+) to the shallow minimum 
of the ground state potential resulting in emission around 
150nm [21, 22]. At higher pressure clearly the second 
continuum at 170 nm dominates. 

The change of the emission characteristics from 
resonance line to first and second continuum correlates 
with a visible change of discharge modes. At low pressure 
the discharge appears to be a homogeneously radiating 
glow discharge. In the medium pressure range tiny micro- 
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discharges are superimposed on a continuous back- 
ground. Towards the high-pressure end very many bright 
microdischarges dominate. There are even gas mixtures 
and discharge conditions where the homogeneous back- 
ground radiation disappears completely. For fixed gap 
spacing the transition between the various modes depends 
on the gas mixture, pressure and excitation frequency of 
the discharge. The following investigations deal mainly 
with the fully established microdischarge mode. 

3.2. Halogen Dimers 

In the past, spectra of halogen dimers were investigated, in 
particular, to understand the excimer formation that was 
exploited in excimer lasers. There are detailed investiga- 
tions for Br2, 12 by Tellinghuisen [23, 24] and for F2 and 
C12 e.g. by Diegelmann et al. [25] and Castex et al. [26]. 
The studies aimed at exact identification of the electronic 
states that are responsible for a possible laser emission. 
Figure 7 shows the corresponding potential energy curves 
of a homo-nuclear halogen molecule after 1-23]. Accord- 
ing to Mullikan's 1-27] qualitative studies these excited 
states are bound. For Br2 and I2 it was demonstrated in 
[23, 24] that the band systems at 289 and 342 nm are due 
to a D ' ( 3 H 2 o ) - A ' ( 3 H z , ) - t r a n s i t i o n .  According to Diegel- 
mann [25] the same is to be expected for F~ and CI* with 
the band systems at 158 and 259nm. 

By means of the arrangement depicted in Fig. 3a 
experiments were performed with mixtures of about 2% 
F2 in He and about 5% C12 in Ar at a total pressure of 
400-800mbar. Strong F* and CI~ emission was found 
without special efforts. A well structured modulation 
could be observed. The spacing of the relative maxima of 
the spectra was approximately 0.8 nm for F* and 1.2 nm 
for CI* which is very similar to that observed and 
interpreted by Diegelmann et al. in experiments with 
pulsed e-beam (Febetron) excitation [25]. To excite Br2 
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Fig. 7. Part of the potential energy diagram of halogen molecules and 
principal excimer transition (after [24]) 
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and I2, vapour of bromine or iodine was transmitted into 
the device that was filled by 500 mbar of Ar. The Br 
pressure was in the range of 0.9 bar whereas the iodine 
pressure was approximately 10-2bar. Again, we suc- 
ceeded in obtaining Br* and I* emission. The modulation 
was between 0.8 and 1.2nm for the Br~ emission and 
around 1.5 nm for I*. Figure 8 gives an overview of the 
obtained halogen dimer spectra. 
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Fig. 8. Spectra of F*, CI*, Br~, I* excimers in a dielectric barrier 
discharge 

3.3. Rare-Gas Halogen Excimers 

Rare-gas halogen excimers are amongst the most exten- 
sively investigated excimers, because their transitions are 
used in commercial lasers. Review articles can be found 
e.g. in [-28-30]. Part of a typical energy diagram is 
sketched in Fig. 9. 

The ground state (labelled X) is always repulsive, 
whereas the excited states are bound. Because of the spin- 
orbit splitting of the halogen atom the ground state is of 
complicated structure. In general, the van der Waal's 
minimum is comparable to kT (e.g., 255 cm- ~ for XeC1). 
For the fluorides it is much larger (e.g., 1065cm -~ for 
XeF, see, e.g., the paper by Brau in [-28]). The first excited 
bound states are of ionic type, since they are generated by 
a positive rare gas ion 2p Rg ÷ and a negative halogen ion 
~S X- (X=F ,  C1, Br, I). Due to spin-orbit splitting for 
halogens of high atomic number there are two nearly 
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Fig. 9. Part of the potential energy diagram of rare gas halogen 
molecules and corresponding excimer transitions demonstrated with 
ArBr (after 1-331) 
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adjacent states of that kind. The lower state from the rare- 
gas ion of the level 3p3/2 (Rg +) is spin-orbit split into 2//3/2 
and 2Z1/2. The upper is a 2//1/2 state, coming from the 
2PI/2 (Rg +) level of the rare-gas ion. These states are 
labelled B, C, D. For some molecules the B state is of 
higher energy than the C state. The typical strong laser 
transitions are B-X transitions. The B-X and D-X 
transitions have the highest transition moments and show 
the strongest fluorescence. The C-A transition is weaker 
and leads to broad band emission (strongly repulsive part 
of the ground state). The various physical mechanisms 
that contribute to excimer generation are discussed, e.g., 
in [,31], for experiments with synchrotron radiation. 
Detailed theoretical modelling of rare gas halogen 
excimer generation in dielectric barrier discharges can be 
performed similar to the modelling of Xe* formation [-6] 
and will be reported in a separate paper. 

The distribution of the vibronic levels of a particula r 
state and also the distribution of the population between 
the B, C, and D states depend on the donator (binding 
energy of the various possible gases), the precursor (rare- 
gas or halogen excitation, i.e. excited atom or molecule or 
corresponding ions) and on the energy distribution of the 
components of the discharge. E.g., the well investigated 
dependence of the vibronic state distribution on pressure 
has in that way been explained [32]. It is the special 
advantage of the dielectric barrier discharge that the 
electron energy distribution can be influenced over a wide 
range by simple means, e.g. by variation of the buffer gas 
pressure. Due to that property optimized and efficient 
excimer formation is possible fo r -  as we think-  probably 
every excimer known today. Because of that feature also 
influencing of the spectral shape of the excimer emission, 
e.g., variation of the halfwidth or changing of relative 
intensities of different emission bands can be achieved. 

Chloride, fluoride, bromide and iodide excimers were 
generated with the arrangement of Fig. 3a. Figure 10a 
shows an overview of the obtained chloride excimer 
spectra. A mixture of 5% C12 in Ar or He was used and 
mixed with Ar, Kr, or Xe of high purity. The total pressure 
was between 100 and 900mbar. Shape and width of the 
B-X emission can be varied by pressure variation. Full 
width half maximum at 120 mbar of total pressure was 
found to be 6.6 nm for XeCI* decreasing to approximately 
2 nm at 920 mbar [33]. At the same time the UV efficiency 
(UV output at 308 nm divided by the electrical input into 
the discharge) increased to more than 12%. C12 flu- 
orescence at 259 nm diminishes for pressures in excess of 
approximately 400 mbar. The C-A emission is weak at 
low pressure and increases up to approximately 400 mbar. 
The D-X emission declines with rising pressure. While it 
was found in experiments with excitation by synchrotron 
radiation that the C12" fluorescence at 259nm is of 
comparable magnitude as the fluorescence from ArCI* 
[-31], this is not the case in the experiments conducted in 
this study. In the silent discharge at pressures above 
200 mbar ArCI* emission at 175 nm dominates by far. 

In addition to XeCI*, the rare-gas fluorides belong to 
the most common excimer laser media. Because of the 
corrosive properties of fluorine special materials had to be 
used in the gas handling and mixing system. The observed 
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Fig. 10a--d. Spectra of rare gas halogenide excimers in a dielectric 
barrier discharge: a chlorides, b fluorides, e bromides, d iodides 

halfwidths of the B-X transitions at 900mbar total 
pressure ranged from 2.8 nm (ArF*) to 4 nm XeF*. For 
KrF* also the B-A and C-A transitions and for XeF* also 
the D-X and C-A transitions could be identified, as 
shown in Fig. 10b. 

The generation of bromide excimers was most efficient 
for Xe and least efficient for At. The UV efficiency for 
XeBr was estimated to be close to 10%. As Fig. I0c 
demonstrates, the B-X transitions are strongest. The 
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halfwidth of the B-X transitions is about 2 nm at the 
pressure used. The figure gives spectra that were obtained 
in silent discharges at approximately I bar total pressure. 
Detailed studies have been performed by Tamagake et al. 
[34] for the XeBr* molecule, where e.g. a B/C ratio of 1.5 
was found for low pressure. Approximately the same ratio 
could be found in the dielectric barrier discharge. The 
ratio increases with pressure due to collisional transfer 
from C to B. Whereas the identification of the C-A and 
B-A transitions is clear for XeBr and KrBr, the D-X 
transition of ArBr is doubtful, because under the con- 
ditions of the experiment atomic lines are superposed. A 
discussion of the special ArBr* spectrum, potential energy 
curves and effects influencing the spectrum can be found 
in [35]. A typical example is the strong BrI emission at 
163.3nm. For ArBr the ionic state barely crosses the 
lowest covalent state correlating to an excited halogen 
atom and the ionic state may predissociate [36, 37]. This 
may be the reason why only weak emission could be 
observed. Similarly, as observed by Tellinghuisen in 
experiments with Tesla discharges [38], spectra of the 
B-X and B-A transitions are of larger halfwidth at low 
pressure, where the excited vibrational levels make 
greater relative contributions to the total emission. Ex- 
cimers in mixtures of iodine and rare gases could be 
obtained for krypton and xenon. Iodide excimer emission 
was weaker than excimer emission with other halogens. 
The reason for this effect could be that only low iodine 
pressures were used (10 -2 bar) or that quenching espe- 
cially for the higher excited states is of greater importance. 
The spectra of Fig. 10d were obtained for a total pressure 
of 500 mbar. Apart from the narrow B-X transition (2 nm 
halfwidth) also the wide B-A transition (20 nm halfwidth) 
is rather strong. With increasing pressure the B-X 
transition dominates. Because of the same arguments 
given for the ArBr* emission also KrI* emission is difficult 
to obtain and weak in intensity. Clearly, atomic iodine 
lines are superposed (e.g., J1206.2 nm, JI 187.6 nm). Fur- 
ther strong iodine lines can be found below 185nm. A 
more detailed discussion of the rare gases iodide spectra 
can be found in [34, 39]. 

3.4. Mercury-Vapour Excimers 

A strong similarity of the mercury-halogen molecules 
with the rare-gas halogen systems is immediately appar- 
ent from a comparison of the corresponding potential 
curves (see, e.g., Gallagher in [28]). This reflects the fact 
that the Hg atom behaves very much like a rare-gas atom. 
The relatively weakly bound ground states and strongly 
bound ionic states, as shown for the rare-gas halogen 
excimers in Fig. 9 can be found again. So nearly the same 
type of transitions can be expected. On the other hand, 
since the lowest excited states of Hg occur at an energy 
considerably below that of the rare-gas excited levels, the 
mercury halides radiate at longer wavelengths in the 
visible part of the spectrum. Correspondingly the radia- 
tive lifetimes are longer for mercury halides. For those 
molecules containing a heavy halogen, e.g., HgBr* or 
HgI* spin orbit coupling is strong. Laser action could be 
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obtained on the B - X  transition of the HgX (X = C1, Br, I) 
radical by electron beam excitation, photodissociation of 
HgX2 molecules or avalanche discharge pumping (for a 
list of references see, e.g., [40]). Work is under way to 
develop a mixed mercury halide laser with a multi- 
component output spectrum [40, 41]. 

For spectroscopic studies Hg halides have been pro- 
duced in many ways, e.g., in experiments using pulsed 
electron beam excitation (Febetron) by heating the stable 
dihalides thus producing sufficient vapour pressure [43] 
or even in dielectric barrier discharges of special geometry 
[44]. Malinin et al. [44] used 30-40 kV pulses of 50 ns 
duration to excite mixtures of Hg, Br2, CC14, CHC13 and 
rare gases. The pressure of the discharge was up to I bar. 
Contrary to the experiments reported here the researchers 
claimed to have obtained a rather homogeneous dis- 
charge. This might be due to the special geometry, 
electrical and discharge conditions that were employed. 
HgCI* and HgBr* emission was found to be close to the 
threshold of laser action. 

The mercury halogen excimer spectra from dielectric 
barrier discharges shown in Fig. 11 were obtained by 
heating the discharge device to .temperatures around 
75 ° C. Approximately 500 mbar of Ar was used as a buffer 
gas. For the excitation of HgCI* a mixture of 5 % C12 in Ar 
was used. The halfwidth of HgBr* is surprisingly small 
(1.6 nm), whereas for HgI* it is 4.2 nm and rather broad for 
HgCI* (10nm). Possibly, this might be due to different 
halogen contents in the discharge. At low pressure also the 
D - - X  transitions were observed with higher strength. A 
general discussion of the spectra of the Hg halides in the 
wavelength range from 300 to 580 nm can be found in 
[40]. 

Due to its low-lying energy states mercury is also very 
well suited for the generation of mercury rare gas excimers 
as, e.g., HgXe* which radiate in the UV to VUV 
wavelength range. Because of the special nature of this 
emission a more detailed report is published elsewhere 
[45]. 

4. Discussion 

So far most investigations into excimer formation used 
complicated and expensive sources like energetic particle 
beams or synchrotron radiation. We have demonstrated 
that a large number of different excimers can be generated 
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in a rather simple gas discharge with a dielectric barrier. It 
is possible to excite excimers radiating in VUV, UV or 
even in the visible spectral range. UV efficiencies of these 
sources are of the order of 1-10%. The spectral behaviour 
of excimer radiation from dielectric barrier discharges is 
very similar to that found by other excitation techniques. 
Basic spectroscopic investigations can therefore be per- 
formed with these sources as well. 

The transition from the well known glow discharge at 
low pressure (< 50 mbar) to the fully established high 
pressure dielectric barrier discharge is accompanied by a 
visible transition from a homogeneously radiating glow 
discharge mode to the discrete microdischarge mode. In 
that case the radiation is produced within many tiny 
current filaments in the gap between the dielectrics. With 
the change of the discharge modes the radiation shifts 
from resonance line emission to the broader excimer band 
emission. Because of its special property that the mean 
electron energy can be influenced by external means, the 
dielectric barrier discharge is an ideal tool to study 
reactions leading to excimer formation and optimise the 
plasma parameters. In many cases the reaction kinetics 
leading to the formation of a special excimer complex is 
extremely selective. It is thus possible to construct radia- 
tion sources with high intensity in certain narrow 
spectral regions. 

There are a number of UV induced industrial photo- 
chemical and photophysical processes that require in- 
tense radiation in certain well defined spectral regions. 
The photolytic deposition of metal, dielectric or semi- 
conductor layers is a new and important application [14, 
46]. In addition, photochemical syntheses, polymeriza- 
tion and degradation processes are under investigation. 
The dielectric barrier discharge configuration is also very 
flexible with respect to geometry which helps in irradiat- 
ing large volumes or curved surfaces. Its capability of 
industrial upscaling has been demonstrated in large ozone 
generators reaching megawatt power levels. The combina- 
tion of the dielectric barrier discharge with the most 
striking property of the excimers, namely the absence of a 
stable ground state, opens up the possibility of designing a 
new generation of intense UV and VUV sources which do 
not suffer from the limitations of radiation trapping. 
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