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High-power UV excilamps excited by a glow discharge
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Abstract

The results on study of light sources based on spontaneous radiation of molecules Kr€P222 nm and XeCl*

(A~ 308 nn) excited by a glow discharge are presented. Itis demonstrated that additions of light ine(tHaaed N¢

lead to increase in emission of radiation power and efficiency in mixturdX&rCl,. A high-power cylindrical
multi-section excilamp was built and energy, time, and spectrum characteristics have been studied. Average output
power obtained in the UV spectral range were 1,9 kW at222 nm and 1,1 kW at ~ 308 nm with efficiencies with

respect to the excitation power of up to 14%.

Keywords: Excilamp; XeCl; KrCl; Glow discharge

1. INTRODUCTION excitation of krypton and xenon mixture with halogenCl
1 * *
Today spontaneous radiation light sources based on utilizc_orrespondmgly, on molecules of XeCl* and KrCl*, the

. : . L . average values of radiation power-6f8 W and efficiency
ing of excimer and exciplex molecules radiation are inten-

sively studied and find increasingly wide application in of up fo 12% were obtained. In our papet®anchenko
=1y st . naiy | PP ) et al, 1995, 1999; Lomaevet al,, 1997, 1998; Tarasenko
various fields of science and engineeri@para, 1995; Ar- i )
) et al, 1999; Tarasenko, 2001ve reported on creation of
nold et al,, 1998; Kogelschatz, 2002These sources were . L : .
: ; coaxial and cylindrical KrCl and XeCl excilamps excited by
named excilamps$Boichenkoet al, 1993a) and allow to . X o .
o A a stationary glow discharge providing average radiation
obtain high efficiencies moderat&0%) of spontaneous ra- ; .
- " . . Ppower in of 100—200 W in the UV spectral range. In more
diation on bound-free transitions of moleculesahd RX detail, the study of excitation modes by a glow discharge has
(Ris an atom of inert gas, X is the atom of halogender- ' Y yag 9

ing comparatively narrow UV and VUV band®Rhodes, shown that the maximum efficiencies of excilamps are

1979; Gerasimoet al,, 1992. Various methods are used for chhlg\éﬁicl l;i'ggéi);i:ﬁ'eonnkgt“;e Slg;r;;;hfﬁiﬁgd gtl::rr?ttlt? n of
excilamps excitation: e-beafBoichenkoet al.,, 1993, 2000, P P ” ' P y

a barrier dischargéVolkova et al,, 1984; Kogelschatz & Panchenket al. (1997) it was presented that the maxi-

Esrom, 1990; Kogelschatz, 2002; Tarasenko, 20820n- mum emission radlatlon_powervalues are realized with light
N h ) inert gasegHe, Ne admixtures to K¢Xe)-Cl,.

gitudinal pulsed discharg&erberet al, 1980; Taylor, 199}, The aim of this work was to create KrCl ~ 222 nm and

microwave dischargéKumagai & Obara, 1988, 198%;

Hatakeyama al, 1093; Kumagai & Toyoda, 199wrans- 2000 L P B TE RO SREL SRR
verse discharge with UV preionizatigKoval et al.,, 1992; 9 b 9

Skakunet al, 1992: Boichenket al, 1993, 1993: Kuz- rather simple and cheap emitter excimer radiation with also

netsovet al., 1993, and so on. One of the simplest ways to simple power supply unit,

excite excilamps is a stationary glow discharge in a mixture

of inert gases with halogens under low-pressure operating. DESIGN OF EXCILAMP AND POWER
mixture. This type of discharge was first applied for excita- SUPPLY UNIT

tion of cylindrical excilamps in the papers by Golovitski

(1992 and Golovitski and Karf1993. In a quartz tube, at The circuit of excilamp selected after preliminary studies is

shown in Figure 1. The set-up consisted of excilamp emitter

and power supply units. The emitter consisted of three par-
Address correspondence and reprint requests to: V.S. Skakun, High Cur- P pply P

rent Electronics Institute, 4 Akademicheski Avenue, Tomsk 63405, Russiad/ €l 'branCh_eSa 'eaCh including four §ect|(QttHaI 12).repre-
E-mail: vit@!loi.hcei.tsc.ru senting cylindrical quartz tubes with 2.5-mm-thick walls.
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sity were measured by current probes, voltage dividers, FEK-
22SPU, and TDS-224 oscilloscope. The glow discharge was
photographed using a digital camera. The working gas mix-
tures of krypton or xenon with molecular chlorine afil

)_‘ the experiments with admixturgiselium were prepared im-

mediately inside the emitter tubes of excilamp.

3. RESULTS AND DISCUSSION

Characteristics of radiation of one section and one branch
of excilampAs we noted earlier, we have separately tested
@ @ @ one section and one branch of excilamp using cylindrical
tubes with various diameters. A sine alternating voltage was
I J: _I: applied to tubes from a commercial network transformer
S (50 H2). Figure 2 shows the plots of emission radiation
power, current and voltage taken for one branch, as well as
Fig. 1. Block-diagram of connection of excilamp modules to power sup- - g|cylated curve of excitation power. It is seen that the emis-
ply units.1, 2, 3—excilamp modules4, 5, 6—power supply units. . L .
sion radiation pulses concord by duration to current pulses
and excitation power, and their amplitude does not depend
on polarity of voltage and current pulses. The breakdown
The sizes of one section of the excilamp are as followsoccurs within every voltage pulse half-period, and at de-
length is about 100 cm, internal diameter is 47 itian one  creasing of voltage the discharge current decreases up to
branch, and 51 mm(for two other branchegs The glass- zero, then it is discontinued, and there is a delay before the
shape electrodes made of stainless steel were mounted at the
edges of each branch or separate section. Short stainless

steel pipes connected sections. Vacuum rubbish plates were . 12 -
used for joint packing. Each branch had a separate power ; 09 . 1
supply unit. Every section and every branch could be oper-8 & .
: . . s . 06 4
ated independently. The excilamp was air-cooled. Everys g ]
section and every branch could be operated independentlﬁ Z 0.3 7
The excilamp was air-cooled. Each power supply consisting E 0,0

of a transformer and a voltage regulator produced a sinusoi- ST
dal voltage of commercial frequeng$0 Hz) with ampli- 6,0

T T T T T T !
tude of up to 20 k\Msmoothly controlegland power ofupto g 45 2
7 kW. This design of the emitter and the power supply unitsg 30
probably offers the simplest variant ensuring an average 15
emission radiation power of 1 kW and above. = 00 ]
I N I N I T I i I !

When constructing excilamp, a separate section was taken
and studied carefully. Quartz tube length was varied from 60 06
VANERYAN
T T T T T T !

to 180 cm, and internal diameter changed from24to60 mm. « 04
T T T

1

Power, kW

Different cooling-systems were used. In a number of cases, £ 02

an additional quartz tube was placed internally with the £ _8’(2) §
main cylindrical tube and operating mixture. Water-cooling 04 E

was realized by flowing water of 5-10 inside the addi- 0,6
tional quartz tube. Based on preliminary experiments, air-

. . X : 15 ]
cooling was selected. Replacing air cooling system by a Z 10 4
water jacket does decrease excilamp sigbe length of S 5 7 m
coaxial excilamp discharge tube was 60 cm and the average fc§° 0
emission radiation power reached 200 Wut essentially ; 5] J \\m‘/ \\,,.
complicates emitter design. }2 g
The emission radiation power was measured by a cali- : 0'0 ' lOIOm ' 20'0m ' 30'0m ' 40'0m '

brated FEK-22 SPU photodetector sequentially moved along
each branch of the excilamp. For several sections the distri- time
bution of emission radiation power was either examined Ir.'Fig. 2. Oscillograms of emission radiati¢h), current(3), voltage(4) and

all directions in the plane perpendicular to the tupe <.':IXiS.. Thealculated curve of excitation powé®) of KrCl, excilamp excited by glow
lamp current and voltage pulses and output emission intertischarggone branch
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next breakdown of working mixture. The main results of
energy characteristics of excilamp are:

Py, W

1.

800-
700:
600-
500-

400+

3004

200+

117

400 - —m— He/Xe/Cl,

\474 Xel C]2

LN
]

20
3501

When using long air-cooled tubés2 m and above

the higher values of emission radiation power are® 3004

achieved in the case with the internal tube diameter og_i

~50 mm.

. Maximum emission radiation efficienciag to~20%
on KrCI* molecules and up te-15% on XeCI* mol-
ecules are reached at a relatively small discharge av-
erage current of-0.05 A. Discharge currentincreasing
(in these experiments of up to 0.4) Ahrough one
branch leads to an increase in average emission radi-
ation power, but the efficiency with respect to excita-

15

% ‘Kouaniyy

2501

Juny
(==}

2004

150

T T T T T T T T T T T T T T T
005 0,0 015 020 025 030 035 040
ILA

tion power decrease(is:igs. 3 and 4 F_lg. 4. Dependepces of average power a}nd_ efficiency qf radlatlon_ of ex-
Helium admixture results in an essential increase i cilamp versus discharge current at excitation of working gas mixtures
: r]—|e:Xe:C|2 = 2:5:1 with total pressure of 0.2 Toft, 2); Xe:Cl, = 5:1 with

average emission radiation power and efficiency bothotal pressure of 0.3 Tot8, 4). Length of branch is 4 m, internal diameter
on KrCI* and XeCl* moleculegFigs. 3—5. And the  of tube is 51 mm.
increase of average emission radiation power is more
appreciable with the higher excitation power. The rea-
son for such an effect is probably connected with high
thermal conductivity of helium. Characteristics of excilamp’s emission radiatiddased
. Replacement of air-cooling system by a water jacke©on the above described results, an excilamp was built. It is
leads to increase in specific emission radiation poweshown in the working mode in Figure @he excilamp’s
hence the design of the discharge tube becomes conglesign is illustrated in Fig.)1Figure 7 presents the results
plicated. Water-cooled coaxial excilamps are describedf excilamp’s testing as a whole and of separate branches in
in Panchenket al. (1995 and Lomae\et al. (1997). the mixture of H¢Kr/Cl,. The plots of emission radiation
. With discharge tubes of smaller diameters the optimapower versus discharge current for each separate branch of
pressure of working mixture and operating voltageKrClexcilamp, and for the whole excilamp emitter are shown
increase. in Figure 7. Analogous dependences take place for the work-
. Increase in the length of discharge tube results in ining gas mixture HgXe/Cl,. The higher radiation power
crease of the total emission radiation efficiency due tovalues were achieved with quartz tubes internal diameter of
relative loss saving in the near-cathode and near51 mm.When testing one separate emitter branch consisting
anode discharge areas. of of four sections, an average emission radiation power was
about 0.7 kW at 222 nm with efficiency of12% with
respect to excitation powdfor 51-mm internal diameter
tubeg. Three branches operating simultaneously produced

an average emission radiation power of 1.9 kW with effi-

—m— He/Ki/Cl, 20

—A— Kr/Cl,
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Fig. 3. Dependences of average power and efficiency of radiation of ex-
cilamp versus discharge current at excitation of working gas mixtures
He:Kr:Cl, = 2:5:1 with total pressure of 0.3 Toft, 2); Kr:Cl, = 5:1 with

Pressure, Torr

Fig. 5. Dependences of average power of excilamp emission on the total

total pressure of 0.4 TofB, 4). Length of branch is 4 m, internal diameter pressure of working mixtures He:Xe:Ck 2:5:1(1); Xe:Cl, = 5:1 (2).

of tube is 51 mm.
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Fig. 6. Excilamp’s appearance in operating mode.

ciency above 10%. It should be noted that the high-poweemitter. When the discharge current density was increased,
excilamp operation is accompanied by formation of ozonehe maximum average powers of emission for both exciplex
and nitrogen oxides in large concentrations, which requiresnolecules were observed in ternary mixtures with helium
taking measures for laboratory personnel protection. admixture. The optimal contents of helium were 20-30%.
When krypton was replaced by xenon, the breakdowrnThe obtained parameters are not limiting and can be in-
voltage and resistance of the gas discharge plasmaincreaseased by using supply units of higher power and voltage,
and emission radiation power decreased at a comparativelyy increasing pressure of working gas mixture, as well as by
low current, 0.15 A, Figure 4. For this reason, the maximumimproving cooling regime of quartz tubes and electrodes. It
average power of emission from XeCl* molecules wasshould be noted that that the cathode and anode potential
~1.1 kW, which is lower when compared with power valuesdrop was observed only at the ends of separate brarithes
for KrCI* molecules, Figure 7. The average emission radi-the terminal emitter sectionsThe central sections of the
ation power of one emitter branch wa®.4 kW with51-mm  excilamp exhibited only a positive glow discharge column
internal diameter quartz tubes, and.3 kW with 47-mm  resulting in increase of emission radiation efficiency. The
tubes. three excilamp branches turned on in series can give an
For both binary and ternary gas mixtures, a maximumincrease in power and efficiency of about 15% providing
pumping efficiency was observed at small discharge curthat the voltage applied to excilamp were three times higher.
rents and amounted t620% for KrCl and XeCl excilamps. The emission spectrum of the new emitter is typical of the
The working pressures of the gas mixture in this excilampexcilamps excited by a glow discharg¢Eig. 8). The main
were lower as compared to those ones used in the papers kynission radiation powet>70%) is concentrated in the
Panchenket al. (1995 and Lomaeet al. (1997). Thatis  B-X band.
explained by the larger cross sections of the discharge area In this excilamp, the decay time of emission of radiation
and the lower voltages of power supply per unit length of thepower up to the half of the initial value depended on exci-
tation power comprising-1 min at excitation power maxi-
mum. That time could be increased either by more intensive

cooling of the excilamp and selecting materials for elec-
2100+ p W —m—1

| Fave IRV . trodes and consolidation or using additional buffer volume
1800 - —v—13 / and slow pumping of the working gas mixture. The last
1 —m— 4 - method is widely used in creation of exciplex lasers pumped
1500+ by electric discharge.
1200 -
1 4. CONCLUSIONS
900 .

As a result of this study, the data on optimum excitation
>4 y
— conditions of KrCl and XeCl excilamps by glow discharge

600 / v
- ] %/' ) have been obtained. In particular, a considerable increase in

300 S L .
] ‘% average emission radiation power and efficiency has been
o+ - @ O O OO O O demonstrated when 20—-30% of the helium was added into
0,00 005 0,10 015 020 025 030 035 040 045  the working mixture. Thisincreasing effectis observed with

LA high discharge currents.
. - _ A high-power cylindrical excilamp was built and charac-
Fig. 7. Dependences of radiation power on discharge current done for . . . .
separate branches of excilamp with internal radius of tube of 47(inm teristics of excilamp at _tWO wavelengths in th_e QV spec_tra_l
51 mm (2, 3), total output power of the three excilamp branckésfor range have been studied. The average emission radiation
He:Kr:Cl, = 2:5:1 mixture under the total pressure of 0.3 Torr. power of ~1.9 kW on the molecules KrCItA ~ 222 nm)
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Fig. 8. Emission spectrum of the glow discharge excilamp for the mixtures Kfa}| Xe-Cl, (b).

and~1.1 kW on the molecules XeCI¢A ~ 308 nm) with

KoGELscHATZ, U. (2002. Plasma Sources Sci. Techndll,

efficiency 10% with respect to excitation power have been Al-A6. _
achieved. With excitation power decrease, the maximal efKoGELsCHATZ, U. & Esrom, H. (1990. Laser and Optoelektronik

ficiencies of emission radiation were 20%.

This excilamp can be used with other working mixture to

obtain a high-power spontaneous emissieri. kW and

22, 55.
Kovavr’, B.A. et al. (1992. Prib. Tekh. EkspeNo4, 244.
KuMacgal, H. & OBarA, M. (198%). Appl. Phys. Lett54, 2619.
KumaGal, H. & OBara, M. (198%). Appl. Phys. Lett55, 1583.

above at transitions of other molecules and atoms, for €.9. g ;yacar H. & Toyopa. K. (1991). Appl. Phys. Lett59, 2811.

XeBr* (A ~ 282 nm), Xel* (A ~ 253 nm), | (A = 206 nm),
Br, (A =291 nm), Cl, (A = 258 nn) etc.
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