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We present the results of a design and systematic investigation of spectral, tempo-
rary and resource characteristics of an electrodischarge excimer emitter with radia-
tion on 175 nm ArCl (B-X) / 222 nm KrCl (B-X) / 236 nm XeCl (D-X) / 258 nm Cl,
(D’-A”) / 308 nm XeCl (B-X); 175 nm ArCl (B-X) / 193 nm ArF (B-X); 222 nm
KrCl / 249 nm KrF / 258 nm Cl,” / 308 nm XeCl / 353 nm XeF. Active media of
lamps were formed by gas-mixtures: Ar/Kr/Xe/Cly, Ar/CF,Cly , He/Kr/Xe/CF,Cl,,
with the help of a powerful transverse discharge with a spark preionization. The op-
timum pressure of the Ar/Kr/Xe/Cl, mixture is 15-20 kPa, whereas the partial pres-
sure of chlorine is 0.2-0.4 kPa. In order to obtain bands of comparable brightness,
the partial pressure of Kr and Xe atoms should be in the range 0.2-0.5 kPa.

Using the CF,Cl, molecules as unique carriers of Cl and F atoms, the mulitiwave op-
eration mode of excimer emitters with brightness ration Kr and Xe chlorides to fluo-
rides as 9/1 is also realized. The optimal content of CF,Cl, molecules was 0.008—
0.01 kPa (Ar/CF,Cl, mixtures). Correlation of B-X-bands brightness of ArCl and
ArF was 10. The radiation expectacy in the multiwave mode reached 5x10°~1x10°
pulses. Such emitters can be used in pulse photometry, high energy chemistry, biol-

ogy and medicine.

1. Introduction

Excimer emitters (Eem) with transverse
discharge (TVD) pumping [1, 2] are most
powerful of the wide class of such electric-
discharge radiators. Such radiators radiate
as a rule, on a single wavelength. The in-
vestigation of a multiwave mode of opera-
tion of such excimer emitters is of interest
for a number of applications in pulsed pho-
tometry, for acting simultaneously and se-
lectively on individual high-energy bands of
chemically or biologically active com-
pounds.

This communication describes a study
of the conditions for simultaneous forma-
tion of ArCI(B), KrCi(B), KrF(B), Cly(D"),
XeCl(B) and XeF(B) molecules in a TVD-
plasma based on Ar/Kr/Xe/Cl;, Ar/CF,Cl,
He/Kr/Xe/CF,Cl, and He/Kr/Xe/SF¢/HCl
mixtures.
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2. Experimental

TVD-pumped emitters had 18x2,2x(0.5-
1.0) cm® active media with an interelectrode
distance of 2.2 cm. A schematic diagram of
the radiation source is presented in [3, 4].
Preionization of the interelectrode space is
performed with the help of two rays of spark
gaps with parallel triggering. A thyratron TGI
1000/25 is used as a switch for the pulsed
power supply of the TVD. The discharge was
struck by means of a double-loop LC-circuit
in which the capacitance of the main storage
capacitor was 30 nF and total capacitance of
the peaking capacitors was 9,4 nF.

The radiation from the TVD plasma was
recorded using a half-meter Seya-Namioka
vacuum monochromator. The TVD chamber
is tightly connected to the input slit of the
vacuum monochromator through a CakF;
window. A FEU-142 photomultiplier with a
LiF window served as the photodetector. The
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working wavelength range of the vacuum
spectrometer was 130-350 nm. The relative
calibration of the vacuum monochroma-
tor+FEU-142 system was carried out in the
range AA=165-350 nm on the basis of the
continuous radiation of hydrogen molecules.
The emission in range AA=200-600 nm was
studied by using an MDR-2 monochromator
and photomultiplier “FOTON”. The power
and temporal characteristics of emission in
the UV spectrum range were controlled with
the help of an IMO-2H device, a 14-FC ele-
cronic linear amplifier and 6LOR-04 high-
speed oscilloscope.

3. TVD in Ar/Cl;, Ar/Kr(Xe)/Cl, and
Ar/Kr/Xe/Cl; Mixtures

The main bands in TVD plasma on
Ar/Cl, mixtures are 258 nm Cl, (D’-A’)/ 175
nm ArCl (B-X). Figure 1 shows the depen-
dences of the emission intensities of the Cl,"
and ArCl” bands on the content of Cl, mole-
cules and argon atoms in a discharge in the
Ar/Cl, mixture. At Uy, <12,5 kV, the optimal
content of Cl, is 0,2-0.4 kPa.

For the Clz* band, a broad maximum of
emission intensity is seen in the range of ar-
gon pressure in the TVD of 8-15 kPa,
whereas for the B-X band of ArCl it is
shifted to the region of 15-25 kPa. For TVD
on the Ar/HCl and He/Ar/HCl mixtures, the
optimal content of HCl molecules is 80 Pa
and the maximal intensity of ArCl(B-X)
emission decreases by 2-3 times. Such a be-
havior of the intensity of the ArCI(B-X) band
can be due either to lower efficiency of
ArCl(B) molecules generation as a result of the
“harpoon” reaction Ar +HCI(v)—>ArCl(B)+H
as compared to the corresponding reaction
-~ wich Cl, or to a considerable absorption of
VUV radiation by hydrogen chloride. In the
TVD based on Ar/Kr/Cly, Ar/Xe/Cl, and
Ar/Kr/Xe/Cl, mixtures, the main radiation
was concentrated at 175, 222, 258 nm; 175,
236, 258, 300 nm and 175 nm ArCl (B-X) /
222 nm KrCl (B-X) / 236 nm XeCl (D-X) /
258 nm Cl, (D’-A”) / 308 nm XeCl (B-X)
(Fig.2). A stable ignition of the TVD was
achieved for the charging voltage Uy >4.0kV.
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An increase in the charging voltage from 4 to
12 kV led to the increase in the brightness of
all of the observed bands by a factor of 2-5.
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Fig. 1. Dependences of emission intensity of the bands
A=175 nm ArCl (1) and 258 nm Cl, (2) on the content
of chlorine molecules (P, =13,3 kPa, U,=10 kV) (a)
and argon atoms (Pcp=0,24kPa, U,=10 kV) (b) in the
discharge when operating on the Ar/Cl, mixture.

The optimum argon pressure is in the
range 15-20 kPa. The greatest brightness of
the XeCl (D-X) radiation was observed at
reduced pressures of the mixture (P<3 kPa).
At moderate charging voltage (Ug <12 kV)
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and P>30 kPa, contraction of the TVD was
observed. XeCl(D,B-X), KrCl(B-X),
ArCI(B-X) and Cl(D’-A’) radiation bands of
comparable brighness could be obtained in
the regions of low (P=5-10 kPa) and high
(P=20-30  kPa) pressures of the
Ar/Kr/Xe/Cly mixture.

175 nm, 222 nm,
ACI(BX)  KCI(BX)

236 nm,
XeCl(D-X) 308 nm,
XeCl (B-X)
150 300 A, nm

Fig. 2. Emission spectrum of an electric-discharge
plasma formed from Ar/Kr/Xe/Cl, mixture (P=15
kPa, U,=12 kV).
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Fig. 3. Dependences of the brightness J of bands with
A=175 nm (1), 222 nm (2), 236 nm (3), 258 nm (4)
and 308 nm (5) in a TVD formed the
Ar/Kr/Xe/Cl,=13.3/0.4/Px,0.24 kPa mixture on the
xenon pressure (U,=12 kV).

An increase in Xe pressure (in Ar/Xe/Cl,
and Ar/Kr/Xe/Cl; mixtures) leads to the de-
crease in the brightness of bands at A=236,
222 and 175 nm and to the increase in the

brightness of the band at A=308 nm. When
the Xe pressure was increased above 0.1
kPa, the saturation of the growth (decrease)
of the brightness of all the bands is observed
at Xe pressure of 0.5 kPa (Fig. 3). The bands
of comparable brightness can be obtained in
the investigated mixture at the xenon pres-
sure of 0.2-0.5 kPa.

For the TVD plasma with p<10-20 kPa
the role of the ion-ion recombination (Ar'+CI
+HAr]—>ArCl (B,C,D)+ [Ar]) diminishes, as
the pressure decreases from 100 to 10 kPa,
since the rate constant for the given reaction
decreases by an order of magnitude [5]. In the
initial stage of the discharge the harpoon re-
acuons Ar CP)+CL—ArCI'+Cl (k= 7x107°
cm’s? [6] predominates. The excitation of the
rare-gas atoms in the TVD plasma is impor-
tant for this reaction.

The radiation-intensity distribution in the
TVD plasma is therefore determined to a
Iarge extent by the transfer of energy via the
Ar -Kr, Xe channel [6, 7], which can also be
interpreted as the formation of excimer mole-
cules in a multicomponent active medium.

175 nm ArCl]

' \
193 nm ArF
| nm Cl

150 200 250 300 A nm

Fig. 4. Spectra emission of plasma TVD in mixtures
Ar/CF,C1,=12/0.04 kPa.

4, TVD in Ar/CF,Cl, and
He/Kr/Xe/CF,Cl, Mixtures

Plasma radiation spectra in the range
130~150 nm and brightness of the 175-nm

299



Haykoswuii BicHuK Ykropojacekoro yHiBepcutety. Cepis ®izuka. Bunyck 8. Yactuna 2. — 2000

ArCl, 193-nm ArF and 258-nm Cl," bands,
obtained in the discharge in the mixture of
Ar/CF,Cl, = (1-15)/0,008-0,15) kPa were
investigated. It was shown that the given
TVD was a multiwave source on the ArCl,
ArF and Cl, (D’-A’) molecular transitions
(Fig. 4). The optimal content of CF,Cl,
molecules was 0.008-0.01 kPa, Ar atoms —
10-15 kPa (Fig. 5). The ratio of the B-X
band brightnesses in ArCl and ArF was 10
[8]. This value is approximately equal to the
ratio of [Cl'] and [F} ion densities, gener-
ated in the reaction of dissociative attach-
ment of electrons to CF,Cl; molecules [9].
Radiation of excimer molecules was ob-
served in the immediate afterglow of the
transverse space discharge. The radiation
intensity in the visible spectral region was
lower by approximately two orders of
magnitude, compared to the UV region.
The basic characteristics of the multiwave
excimer emitter (in He/Kr/Xe/CF;Cl, and
He/Kr/CF,Cly, He/Xe/CF,Cl; mixtures) are
as follows: 222/249/258/308/353 nm; total
power of UV radiation <5 kW; pulse dura-
tion 200-400 ns; pulse repetition rate 1-10
Hz; service life of the gas mixture >(2-
3)x10* pulses; the working media are
He/Kr(Xe)/CF,Cl, and He/Kr/CF,Cl,, at a
pressure of 10-40 kPa; and the optimum ra-
tio between the concentrations of Kr and Xe
atoms in the four-component mixture is (3—
8) / (0.2-0.4) kPa.

5. Conclusions

Thus, the study of the conditions for the
simultaneous formation of rare-gas chlo-
rides, fluorides and Clz* TVD-plasma formed
from an Ar/Cl,, Ar/Kr/Xe/Cl,, Ar/CF,Cl,
and He/Kr/Xe/CF,Cl, mixtures showed that
it is a multiwave source of radiation based on
the band systems with A=175/258 nm;
175/222/236/258/308 nm; 175/193 nm and
222/249/258/308/353 nm.
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Fig. 5. Dependences of emission brightness of the
bands with A=175 nm ArCl (1), 193 nm ArF (2) and
258nm Cl,"(3) upon the composition of freon-12
molecule in TVD on mixture Ar/CF,Cl, by P,=12
kPa and Uy=10 kV.
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JOCIIIDKEHHS YMOB POBOTH TA
XAPAKTEPUCTUK BA'ATOXBWJIBOBOI'O
BUITPOMIHIOBAYA HA XJIOPUTAX
TA PTOPUIAX IHEPTHUX I'A3IB
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[Toaano pe3ysIbTaTH po3poObKH Ta CUCTEMATHYHUX JOCTIIKEHb CHeKTPanbHUX, 4aco-
BHX Ta PECYpPCHHX XapaxTEpPHCTHK eNeKTPOPO3PAAHUX EKCUMEPHHUX NaMmIl, LHO BH-
npoMiH0TE Ha 175 BM ArCl(B-X) / 222 um KrCI(B-X) / 236 rm XeCY(D-X) / 258
M Cly (D’-A%) / 308 um XeCl (B-X); 175 um ArCI(B-X) / 193 um ArF(B-X); 222
m KrCl / 249 um KrF / 258 Bm Cl; "/ 308 XeCl / 353 um XeF. AxTusHe
cepenoBuine jaMiu 6yo cpopPMOBaHO HAa OCHOBI razoBux cymimed : Ar/Kr/Xe/Cl, ,
Ar/CF,Cl, , He/Kr/Xe/CF,Cl, , ski 36ymxyBanuch 3a AONOMOrOIO MOMEPEYHOro
pospsamy 3 ickpoBowo nepedonizamiero. OntuMansnuit THCK cymiun Ar/Kr/Xe/Cl,
cknagas 15-20 xIla, napuianbhuil Tack Xsmopy Oye pisHmMm 0.2-0.4 xIla. Jits
opepKanHA MPUGIH3HO PIBHAX 38 BEJHYHHOK ACKPABOCTEH CMYT BHIPOMIHIOBAHHS
napuiansHui THeK Kr 1a Xe noBuHeH 6ytu B Mexxax 0.2-0.5 xl1a.

Ipu suxopucranni Monexyn CF,Cl, sx enunoro wocis atomis Cl ta F Gyno
peanizoBaHoO DaraTOXBMILOBUN €KCHMEpHHI BHIIPOMIHIOB2Y 31 CHIBBiAHOINEGHHAM
AckpaBocTell xnopuaie Kr ta Xe n0 BIRMOBIZHUX (TOPUIHUX Mojekyn sk 9/1.
OntumanbHa koHueHTpanis moaekyn CF,Cl, Gyna pisroro 0.008-0.01 klla (cymira
Ar/CF,;Cl,). Cnieingomienns Mix sckpasoctamy B-X cymyr monexyn ArCl ra ArF
nopisatoBasio 10. Pecypc poboTu GaraTOXBHIBOBOTO BUIIPOMIHIOBAYA CTAHOBMB
5x10°-1x10° imryascis. Januud BUnMpOMiHIOBAY MOXKE BUKOPHCTOBYBATHCA B
iMrtynecuiit doromerpii, Ximil Bucokux eHeprii, Gionorii Ta MeaMIMHI.
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