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Abstract

The vacuum ultraviolet (VUV) emissions from a cylindrical dielectric barrier discharge (C-DBD) excited by radio frequency (rf) power at
13.56 MHz in both pure Ne and in a mixture of Ne angMrere analyzed. Measurements of the relative emission intensity of the Ne resonance
lines and the Nexcimer continua in pure neon were studied as a function of pressure, rf power, and gas flow rate.JmiNetds, we
studied the emission of the H Lymanline as a function of kiconcentration, pressure, gas flow rate, and rf power. The observed dependence
of the VUV emissions on the gas pressure, net rf power, gas flow rate and, in the case of the spectra of t{idaelNima;ithe Hconcentration
is explained on the basis of a detailed microscopic analysis of the excimer formation and destruction processes and the competition between
the vibrational relaxation processes, quenching processes, and the radiative decay of two excimer states involved.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction mixtures and found, for a narrow range of operating condi-
tions, intense monochromatic H Lymanemissions. This
Light sources emitting intense radiation in the vacuum emission, which had first been reported by Wieser et al.
ultraviolet (VUV) region of the electromagnetic spectrum [3] following excitation of a high-pressure Ne=thixture
(wavelengths below about 200nm) are used in a variety in a gas cell by energetic electrons, was attributed to a
of applications such as photolithography, surface cleaning, resonant energy transfer between;Necimers formed in
curing, and sterilization and decontaminatidy. Plasma-  the plasma and $imolecules. The energy transfer leads to
based VUV light sources have several advantages over othethe dissociation of blinto a ground state Ha(= 1) atom
sources. They are compact, efficient, easily scaleable, andand an excited Hr{ = 2) atom, which subsequently decays
the emitted wavelengths can be changed readily by sim-radiatively emitting the H Lymare line. The production of
ply changing the feed gas or gas mixture. Plasmas gener-hydrogen Lymanx from an H molecule requires a total
ated in various dielectric barrier discharges (DBDs) have energy of 14.68eV, with 4.48 eV needed to dissociage H
been widely used for a long time as a convenient source of and 10.2 eV needed to excite one H atom tosthe 2 state.
non-coherent ultraviolet (UV) and VUV radiation. In par-  The total energy for the production of Lymaneoincides
ticular, high-pressure DBDs (with pressures up to and ex- with a wavelength of 84.5 nm, which is near the maximum
ceeding atmospheric pressure) are well-known sources ofof the N& second excimer continuum emissif#l. The
excimer emissions from rare gases and from rare gas-halidemost convincing argument for this explanation was the ob-
mixtures[2]. servation by Kurunczi et aj4] that the N& second excimer
Recently, we have studied VUV emissions from mi- continuum emission intensity essentially disappeared when
crohollow cathode discharges in high-pressure Neghls the H Lymane: emission was observed.
One of the disadvantages of the microhollow cathode dis-
* Corresponding author. Tek:1-201-216-5671; fax$1-201-216-5638. charge source is the fact that the electrodes are exposed di-
E-mail addresskbecker@stevens.edu (K. Becker). rectly to the plasma, which causes erosion of the electrodes
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and the dielectric that separates the electrd@ésAs a capable of delivering up to about 100 W, is applied to the two
consequence, the discharge performance deteriorates oveelectrodes. The power source generates and sustains a stable
time because the size of the hollow increases, which makesdischarge plasma inside the tube that is limited to the space
it more difficult to stabilize the discharge at high pressure. between the electrodes. The feed gas or gas mixture is intro-
Furthermore, sputtering of the electrodes and the dielectric duced into the tube and the gas flow is controlled by flow me-
produces impurities thus reducing the efficiency of excimer ters in order to maintain a constant overall gas pressure (and
formation [6]. Laroussi et al[7] introduced a cylindrical H> concentration when Ne—Hare used). In order to maxi-
dielectric barrier discharge (C-DBD), which avoids these mize the power that the rf generator delivers into the plasma,
problems by placing two electrodes around the outside of aa matching network is used to match the impedance of the
dielectric tube. When radio frequency (rf) power is applied load (the plasma) with the output impedance of the generator.
to the electrodes, an intense plasma is generated inside the Because the Ne resonance line radiation and thpeXe
tube in the space between the electrodes. This dischargeimer emission occur in the 70-100 nm range, where no

plasma, when ignited in a high-pressure Ne-Hixture, material transmits optical radiation, a windowless arrange-
was found to be an efficient, intense, and highly stable (over ment was used between the plasma source and the vacuum
more than 100 h) source of H Lymanradiation. monochromator/detector systefig. 1 shows the exper-

In this paper, we report the results of systematic inves- imental setup that was used. The system is differentially
tigations of the VUV emissions from a C-DBD source in pumped using multiple pumping stations to maintain a re-
pure Ne and in Ne—pImixtures. Emissions of the Ne reso- duced pressure inside the vacuum monochromator and the
nance lines at 73.6 and 74.4nm and of thg Recimers in CCD camera. The pressure inside the CCD camera never
the region from 76 to 90 nm were studied as a function of exceeded 1t Torr, when the gas pressure inside the dis-
pressure, rf power, and gas flow rate in pure Ne discharges.charge chamber varied from 1 to 600 Torr. The actual pres-
In Ne—H, mixtures, we studied the H Lymamine emis- sure in the discharge source can be lower depending on the
sion as a function of bl concentration, total pressure, rf source temperature (see discussiorSection 3.2 Using
power, and gas flow rate. A comparison is made with sim- mass flow valves, the gas flow rate could be varied from 200
ilar results obtained previously from microhollow cathode to 1200sccm. The optical emissions were analyzed using a
discharge plasmas in Ne and Ne-H4,8]. Minuteman 302-V 0.2 m VUV spectrometer with a McPher-
son XUV-2025 CCD camera to detect the photons in the
wavelength range from 50 to 150 nm.

2. Experimental setup Since the efficiency of excimer formation depends (among
other things as discussed below) critically on the purity of

The discharge source is made of a 1/4in. diameter dielec-the feed gas, research grade neon and hydrogen gas was
tric tube (alumina, AlO3) and two straps of Cu wrapped used with a stated purity of 99.999% in conjunction with
around it, separated by a fixed distance (2.5 mm), which stainless-steel gas lines. The inside of the discharge chamber
serve as the two electrodes. A 13.56 MHz rf power generator, was evacuated to a base pressure in the/ Torr range for
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Fig. 1. Experimental setup.
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at least 24 h before the source was back filled with the feed " T ; T
gas prior to data acquisition. —«—10 Torr
—o—50 Torr

——100 Torr

1.5x10° |

3. Results and discussion

1.0x10° -
3.1. Neon resonance lines and excimers

The most prominent VUV emissions that are observed
from a low-pressure Ne plasma are the Ne resonance lines
at 73.59 and 74.37 nm, which arise from radiative transi-
tions from respectively the excitedP;” and “3P;"states to
the 1Sy ground state. The quotation marks indicate that the
excited states cannot be described in an LS angular momen- 60 ' 70 ' 80 ' 90
tum coupling scheme, but are more appropriately described
in an intermediate angular momentum coupling schighe
Alternatively, the excited 1‘Pl" and “3P1” states of the rare Fig. 2. Low-pressure spectrum of a Neon discharge at 10, 50 and 100 Torr
gases are often described as mixtures of LS-coupled sin-in the 60-90 nm_region. The _net rf power is _3OW an_d the gas flow rate is
glet and triplet states and the radiative decay of both States800 sccm. The lines connecting the data points are just a guide to the eye.
proceeds through the singlet component. The singlet—triplet
mixture depends on the particular excited states and the par{i) a sufficiently large number of electrons with energies
ticular rare gas atonfil0]. In Ne, the first excited singlet — above the threshold for the metastable excitation or ioniza-

5.0x10° |

Intensity (arb. units)

Wavelength (nm)

state has about a 10% triplet admixture and vice vErsh tion (minimum electron energies required for excimer for-
The natural lifetime of the¥P;” and “3P;” states are 1.87ns  mation range from 11 to 14eV in Xe to 20-24eV in He),
and 31.7 ns, respective[$2]. and (ii) a pressure that is high enough to have a sufficiently

As the pressure in a Ne plasma increases, molecular ex-high rate of three-body collisions. These conditions exist in
cimer emissions begin to appear. Rare gas molecules exisnon-thermal, high-pressure discharge plasmas.
only in the form of excimers (exotidimerg, which are char-
acterized as having repulsive ground states that are disso3.2. VUV emissions from a rf C-DBD plasma in pure Ne
ciative and bound excited states. Transitions from the bound
excited states of a rare gas excimer to the repulsive ground3.2.1. Ne resonance lines
state results in continuous emissions. Rare gas excimer Fig. 2 shows the emission spectrum of a pure Neon dis-
emission spectra are dominated by the so-called second coneharge in the wavelength range from 60 to 90 nm obtained
tinuum which corresponds to transitions from the lower vi- at pressures of 10, 50, and 100 Torr. The spectra are domi-
brational levels of the lowest lying bouﬁdgu excimer state nated by the Ne resonance lines. There is no indication in
to the repulsive ground state with peak emissions at 170 nmthe spectra of Ne excimer emissions. At these low pres-
(Xe), 145nm (Kr), 130nm (Ar), 84 nm (Ne), and 75nm sures the rate for three-body collisions involving metastable
(He). The so-called first excimer continua in the rare gases Ne atoms, which would lead to excimer formation, is much
are observed on the short-wavelength side of the secondsmaller than rates for two-body collisions that cause quench-
continua and are due to the radiative decay of vibrationally ing of the Ne metastables. Thus, the radiative decay of the
excited levels of thé >, excimer state. In Ne, the second “1p;” and 3P, states is the dominant process.
excimer continuum covers the wavelength range from 76 The ratio of “singlet” (73.6 nm) to “triplet” (74.6 nm)
to 88 nm, whereas the first excimer continuum appears as aemission intensity changes dramatically as a function of
narrow feature centered between 73 and 79b8+15] pressure. At 10 Torr, the 73.6 nm line is about three times
The most common routes to rare gas excimer forma- as intense as the 74.6 nm line. At 50 Torr, the intensity of
tion are either via electron-impact ionization of the rare gas the lines are roughly equal. However, the overall intensity
atoms followed by a sequence of collision processes pro-at 50 Torr is lower than the overall intensity at 10 Torr. At
ducing metastable rare gas atoms or directly via excitation 100 Torr, both lines are much weaker and the 74.6 nm line
of metastable (and radiative) states of the atom by electrons.is now more intense than the 73.6 nm line by about a factor
In both cases, the excimer molecules are formed in three-of 2. This change in the emission intensity with pressure is
body collisions involving a metastable rare gas atom and a consequence of self-absorption and radiation trapping of
two ground-state atoms. Excimers are formed in a distri- the Ne resonance radiation, which affects the 73.6 nm line
bution of vibrational states of the excitéozu and?3 du to a much larger extent because of its higher transition prob-
states. In Ne, the triplet state has a lifetime on the order of ability. The intensity ratio of the two Ne resonance lines
about 1Qus while that of the singlet state is in the range emitted from a C-DBD plasma in pure Ne as a function of
of nanosecond§l?]. Efficient excimer formation requires  pressure is shown iRig. 3from 5 Torr (the lowest pressure
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3.2.2. Ne excimer emission
n At pressures above 200 Torr, we find no discernible
evidence of the presence of the Ne resonance lines in the
. spectrum obtained from our source and the; N&cimer
= emissions in the 70-90nm region become the dominant
=1 . feature. This is due to the fact that the rate for three-body
3 n collisions involving Ne metastables leading to excimer
= 21 N\ formation begins to dominate over the rates for two-body
al u 1 10 100 guenching collisionsFig. 4 shows the emission spectra
\ Pressure (Torr) obtained from a pure Ne discharge (at a net power of about
'\ 30W and a gas flow rate of 800 sscm) for pressures of 400,
o 500, and 600 Torr. The spectra are dominated by the narrow
first excimer continuum peaking at a wavelength of about
0 0 20 40 60 80 100 120 140 160 74 nm and by the broad second excimer continuum, which
covers the wavelength region from 76 to 88 nm with a peak
emission at about 84 nm.

Pressure (Torr)

Fig. 3. Intensity ratio of the Ne resonance lines as a function of pressure.

The ”eI_ rf thwzrtis 3°_V2’ a”d_thft’ gas_;""’tv rt""hte is 8C’T‘3h5°?m-tThe “”est3.2.2.1. Pressure dependencéig. 5 shows the emission

conn n Ints ar ul . n represen s - . .

tr?e sz(r:ne %atae or?sl?)g—ljg sie{::eswir?theelir?e r:pfgsentir?g asleeasetf)sgu:\rezmensn_les of the first and second gxlexmmer continua as

fit to the data. a function of gas pressure from 200 to 600 Torr. The data
represents the peak areas of the continua, which were ob-
tained from the recorded data with the help of a standard

at which we could maintain a stable discharge in our source) peak fitting software package (PEAKFIN version 4.11,

to 150 Torr. The inset shows the same data plotted on a log-SYSTAT Software Inc., 2002). It is apparent frafigs. 4

log scale, which shows a straight line with a slope of essen- and 5that the emission intensities of first and second con-

tially —0.5. Thus, the intensity ratio of the 73.6 nm line to tinua are a function of the gas pressure, in particular the

the 74.4 nm line is inversely proportional to the square root emission intensity of the first excimer continuum decreases

of the pressure. We lastly note, that even at a pressure ofmonotonically by more than a factor of 25 as the pressure

5Torr, significant radiation trapping and quenching occurs increases from 200 to 600 Torr. By contrast, the emission

as the intensity ratio of the two lines when excited by elec- intensity of the second continuum increases by about 30%

tron impact at very low pressure, i.e., under single collision as the pressure increased from 200 to 400 Torr. However, as

conditions is close to 17. the pressure is increased further, the emission intensity of
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Fig. 4. High-pressure spectrum of a Neon discharge at 400, 500 and 600 Torr. The net rf power is 30 W and the gas flow rate is 800 sccm.



N. Masoud et al./International Journal of Mass Spectrometry 233 (2004) 395-403 399

- 3.0x1o’ ——— ing to the emission of the first continuum. If the pressure
= E 2.5x10° BT continuum ] il_"ncreases, the c_o!lision frequency increases, the relaxation
£ 20x10°] - oo™ continuum | t|r_ne fqr thg collisional pathway decreases, and the lower-
lying vibronic states are populate and subsequently decay to
z»‘ 5x10° 1 the ground state emitting th nd continuum. The declin
ground state e g the second continuu e decline
§ 1.0x10° >< \ in the intensity of the second continuum at higher pressures
= 5.0x10° T P (>400 Torr) is attributed to the fact that, at these pressures,
0.0 e B the gas density is very high, so that both the excited Ne
£ 1 a atoms, which are the precursor of theNexcimer, and the
2 6'_ / excimer molecules are quenched.
o i
§ 4_ /A y 3.2.2.2. Power dependenceFig. 6 shows the emission in-
~E 24 /A ] tensity of the two N excimer continua as a function of
= : A A the rf power for net powers deposited in the plasma rang-
ES 0 ————— T T 7 ing from 15 to 70W at a pressure of 500 Torr and a gas
100 200 300 400 s00 600 flow rate of 800sccm. The intensity of the first contin-
Pressure (Torr) uum increases as the power goes up, initially at low pow-

Fig. 5. Emission intensity of the first, the second Neon excimer continua €S only gradually, but more dramatically above about 50 W.
and their ratio as a function of gas pressure above 200 Torr at a net rf On the other hand, the intensity of the second continuum
power of 30 W and a gas flow rate of 800 sccm. The lines connecting the jncreases almost Iinearly between 15 and 50W, but then
data points are just a guide to the eye. levels off for higher powers. As a consequence, the ratio
of the emission intensity of the second to the first contin-
the second continuum also decreases, by more than a factouum decreases monotonically between 15 and 70W. The
of 2 between 400 and 600 Torr. The ratio of the emission increase in the excimer emission intensity with increasing
intensity of the second continuum to that of the first con- power corresponds to an increase in the electron density
tinuum increases monotonically as the pressure increasesand a shift in the average electron energy to higher values.
from 200 to 600 Torr. The increase in the ratio from 200 to Thus, an increase in power leads to an increase in the rate
400 Torr is the result of an increasing intensity of the second of metastable Ne formation, which are the precursors of the
continuum and a decreasing intensity of the first continuum. N€&; excimers.
At higher pressures, both emission intensities decrease with We attribute the different rate of increase in the emission
increasing pressure, but the intensity of the first continuum intensity with power for respectively the first and second
declines faster with increasing pressure compared to theexcimer continuum to the fact that the gas temperature in-
intensity of the second continuum. creases with increasing rf power. We found that the gas tem-
The pressure dependence of the twg; e&cimer emis- perature increases from about 340 to 410 K when the power
sion continua shown irFigs. 4 and 5is similar to what increases from 15 to 60 1 8]. An increase of the gas tem-
was observed by other authors investigating; &cimer perature at constant pressure reduces the gas density and
emissions from a variety of sources such as high-pressurethus the pressure inside the plasma source (which then is
Ne gas excited by energetic electron or ion imga&;,15] lower than the recorded pressure in the discharge chamber).
and other high-pressure discharge plasmas including DBDsAt a nominal pressure of 500 Torr in the discharge chamber,
and microhollow cathode dischargpg16,17] All groups a lower pressure at higher power inside the plasma source
reported a dominant (in terms of its peak height) first ex- will cause an increase in the intensity of both excimer con-
cimer continuum at pressures below about 400 Torr, which tinua, but at a different rate (séég. 5).
is quenched very efficiently at pressures above 400 Torr. For
higher pressures, the emission spectrum is dominated by the3.2.2.3. Gas flow rate dependencéig. 7shows the emis-
second continuum, whose overall emission intensity peakssion intensities of the first and second continua emitted
around 400 Torr and declines gradually as the pressure isfrom a Ne plasma at a pressure of 500 Torr excited by a
increased further. This can be understood from the detailedrf power of 30W as a function of the gas flow rate. An
microscopic analysis of the excimer formation where the de- increase of the Ne gas flow rate causes very little change
cay of the upper vibronic states proceed through two path- in the emission intensity of the first continuum (which is
ways, collisional de-excitation to low-lying vibronic states almost independent of the flow rate), but a distinct increase
of the excimer and radiatively to the dissociative ground of the intensity of the second continuum. A possible ex-
state. The vibrational relaxation process to the lower-lying planation for this behavior is the fact that the flowing gas
vibronic states depends on the collision frequency (i.e., pres-carries away impurities. The intensity of the second excimer
sure). Therefore, at low pressure the collision frequency is continuum is particularly sensitive to quenching collisions
low and the vibrational relaxation time is large, so that the with impurities because of the long radiative lifetime of the
dominant decay process is radiative to the ground state lead-emitting state. Thus, reducing the impurities by increasing
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Fig. 6. Emission intensity of the first, the second Neon excimer continua and their ratio as a function of the net rf power at a pressure of 500 Torr and
a gas flow rate of 800 sccm. The lines connecting the data points are just a guide to the eye.

the flow rate will result in less efficient quenching and an a range of operating parameters, of our rf C-DBD plasma
increase in the intensity of the second continuum. in Ne, for which the third continuum can be observed. At a
pressure between 200 and 250 Torr and at comparatively low
3.2.2.4. The third Ng& excimer continuum. In addition to power, the N& third excimer continuum appears at wave-
the prominent first and second Ne excimer continua, therelengths between 92 and 105nm as showrFig. 8. The
is also a third continuum, which has been observed by au-origin of the third continuum is still a subject of debate.
thors [14,15,19] mainly following bombardment of high-  Langhoff[19] assigned the third excimer continuum to an
pressure rare gases by energetic electron or ion beams. Eveemission associated with the radiative decay of the doubly
though the third continuum has rarely been observed in charged Ng* ion into two singly charged Ne ground-state
high-pressure rare gases discharge plasmas, we establishesitoms. Amirov et al[20] proposed a highly-excited singly
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Fig. 7. Emission intensity of the first, the second Neon excimer continua and their ratio as a function of the gas flow rate at a net rf power of 30 W and
a gas pressure of 500 Torr. The lines connecting the data points are just a guide to the eye.
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Fig. 8. Third Ne excimer continuum shown in the emission spectrum of a Fig. 9. The emission spectrum of a neon discharge with a small admixture

Ne discharge (pressure 250 Torr, gas flow rate 800 sccm, and net rf powerOf hydrogen (0.02%) at a total pressure of 500 Torr, a flow rate of 800 sccm
15W). and a net rf power of 30 W. The inset shows the expanded view of the

spectrum in the 70-90 nm region.

charged rare gas ion as the origin of the third continuum 3.3.1. Pressure dependence

emission. It is interesting to note that the emission of the  Fig. 10shows the intensity of H Lyman-line as a func-
third continuum from our source could only be observed tion of pressure for a net rf power of 30W and a &bn-

in a narrow pressure range (200—250 Torr). This is simi- centration of 0.1%. Under these conditions, the Lyman-
lar to an observation by Leichngt2], who found a broad emission intensity rises almost linearly up to a pressure of
continuum emission peaked at around 100nm at a pres-200 Torr, where the intensity has its maximum. For higher

sure around 100 Torr, which disappeared at 500 Torr in their Pressures, the Lymamintensity was found to decrease, but
experiments. it still dominates the emission spectra. The increase of the

Lyman-« emission with increasing pressure follows the in-
o ) crease of the Ngsecond continuum intensity, which is the
3.3. VUV emissions from a rf C-DBD plasma in a precursor of the Lyma- emission, with pressuréig. 5).
Ne—H mixture The fact that the Lymaw- emission intensity reaches its
o ) ) maximum already at 200 Torr as compared to 400 Torr for
Similar to what was done before in the experiments re- he second continuum can be explained by the fact that the
ported by Wieser et al3] (e-beam excitation of @ high- he41 emission intensity of the second continuum at 400 Torr

pressure Ne—pimixture) and Kurunczi and coworkef$, 8] was obtained in a pure Ne plasma. The addition pfdithe
(excitation of a high-pressure Nezhnixture in a micro-

hollow cathode discharge plasma), we studied the VUV
emissions from the rf excited C-DBD plasma in a high- 3.0x10° -
pressure Ne—pimixture. The objective was to investigate ] ]
the resonant energy transfer between thg Becond ex-
cimer continuum and fimolecules leading to the emission
of a monochromatic H Lyman-line in this device and to
extend the earlier investigation of El-Dakrouri et [@1] to

a simultaneous analysis of the Nexcimer emission and
the H Lymane emission.Fig. 9 shows the emission spec-
trum from our source obtained by adding a small amount 1.0x10° 4 - ]
of hydrogen (0.02%) to Ne at a total pressure of 500 Torr, a . / i
total gas flow rate of 800 sccm, and a net rf power of 30 W. 5.0x10* M \
Compared with the previous spectrum obtained in pure Ne : u ]
(Fig. 4), we see a dramatic decrease in the relative intensity 0.0 ———— |
of the second continuum accompanied by the emission of 0 100 200 300 400 500 600
a very intense, monochromatic H Lymantine. We subse- Pressure (Torr)

que”“_y studied the dependence of the H Lynoaemission Fig. 10. The intensity of Lyman- radiation as a function of pressure
intensity on the pressure, the net rf power, the gas flow rate, at a net rf power of 30W and a Hconcentration of 0.1%. The lines
and the H concentration. connecting the data points are just a guide to the eye.
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Fig. 11. The Lymanx line intensity as a function of the net rf power at
200 Torr, 0.1% H and 800 sccm flow rate. The lines connecting the data
points are just a guide to the eye.

feed gas mixture essentially means introducing impurities,
which will reduce the efficiency of excimer formation, e.g.,
by quenching the excimer precursors.

3.3.2. Power dependence

Fig. 11shows the Lymarx line intensity as a function of
the rf power for a total pressure of 200 Torr, a gas flow rate
of 800 sccm, and a 0.1%z-hdmixture. The intensity of the
line emission increases monotonically as the power is in-
creased. It is interesting to note that the Lymamtensity
even increases for rf powers above 50 W, where the intensity
of the second continuum as a function of rf power levels
off (Fig. 6). This may be explained by the fact that other
mechanisms such as ionization of By Ne metastables
followed by dissociative recombination or energy transfer
from the Ng first excimer continuum may also contribute
to the formation of H £ = 2) atoms in our plasma.

3.3.3. Gas flow rate dependence

Fig. 12shows the dependence of the Lymatine inten-
sity on the total gas flow rate obtained from a 30 W plasma
at 200 Torr with a 0.1% blconcentration. The intensity in-
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Fig. 12. The Lymanx line intensity as a function of the gas flow rate at
200 Torr, 0.1% H and 30W net rf power. The lines connecting the data
points are just a guide to the eye.
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Fig. 13. The Lymanx line intensity as a function of flconcentration at
200 Torr, 800 sccm flow rate and 30 W net rf power. The lines connecting
the data points are just a guide to the eye.

the Lymane. emission intensity begins to drop. At axH
concentration of 0.5% the Lymaw-intensity has dropped
to less than 3% of its peak value. A similar behavior was

creases with increasing gas flow rate up to 600 sccm andgpserved by Kuruncz{8] in the case of the Lymaa-
then stays essentially constant at higher flow rates. This de-emijssion from a microhollow cathode discharge and was
pendence corresponds to the flow rate dependence of theytributed to the increase in the, Hiumber density in the

second continuumHig. 7) except for the shift in the value

of the flow rate at which the intensity levels off, at around
1000 sccm for the second continuum compared to around
600 sccm for the Lymauline.

3.3.4. H concentration dependence

The Lymane intensity increases with increasing;H
concentration up to concentrations of 0.05% as shown by
the data inFig. 13 which were obtained at a pressure of
200 Torr, a gas flow rate of 800 sccm, and a net rf power of
30W. As the B concentration is increased above 0.05%,

plasma at H concentration about 0.05%. This causes (i)
efficient quenching of the Ne metastables which reduces
the formation of the Ngexcimers and (ii) the formation of
ground-state H atoms via dissociation of,Hvhich cause
self-absorption and trapping of the Lymaremission.

4. Conclusions

The VUV spectra of the neon resonance lines, neon ex-
cimers and their energy transfer t@ Has been studied in a
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high pressure rf excited C-DBD source for pressures up to [2] I.W. Boyd, J.Y. Zhang, NIMB 121 (1997) 349. ' '

600 Torr. The observed dependence of the VUV emissions [ JP-hW'eEervAt'V'M ST"‘S”tml’j}fr' '--3';-(?;‘;;‘;' 4EZ_)-8E§-) Murnick, H. Dahi, J.
ys. B: At. Mol. Opt. Phys. .

on the gas- pressure, net rf po_""er’ gas flow r&?‘te and the _H [4] P. Kurunczi, H. Shah, K. Becker, J. Phys. B: At. Mol. Opt. Phys.

concentration has been explained on the basis of a detailed "~ 35 (1999 L651.

microscopic analysis of the excimer formation and destruc- [5] K.H. Schoenbach, A. El-Habachi, W. Shi, M. Ciocca, Plasma Sour.

tion processes and the competition between the vibrational  Sci. Technol. 6 (1997) 468.

relaxation processes, quenching processes, and the radiative®l A- El-Habachi, W. Shi, M.M. Moselhy, R.H. Stark, K.H. Schoenbach,

decay of two excimer states involved. When ignited in a
high-pressure Ne—mixture, the C-DBD source was found

to be an efficient, intense, and highly stable source of H
Lyman-« radiation. The low cost of the C-DBD source as
well as the simplicity in both the fabrication and control of

the operating conditions such as pressure, power, and flow

rate and hence the intensity of the emitted light give the
source many advantages over the other sources.
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