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EMISSION CHARACTERISTICS OF GAS DISCHARGE PLASMA ON
MIXTURES OF CADMIUM DIODIDE VAPOR, HELIUM AND XENON

A.A. Malinina, A.N. Malinin

Uzhhorod National University, Uzhhorod, Ukraine

The results of studying the spectral, integral, and resource characteristics of gas-discharge plasma radiation on
multicomponent mixtures (cadmium diiodide with helium and xenon atoms) are presented. The creation of a gas-
discharge plasma and the excitation of the components of the working mixture were carried out by a pulse-periodic
(pulse repetition rate of 18...20 kHz, pulse duration ~ 150 ns) barrier discharge. Radiation in the visible spectrum of
exciplex molecules of cadmium monoiodide, cadmium atoms, xenon was detected. The regularities in changes in the
emission characteristics of the plasma are established depending on the repetition rate of the pump pulses, the
component and quantitative composition of the mixtures. Research data is of interest for creating a gas-discharge
source that radiates simultaneously in the violet, green, red, and infrared spectral ranges.

PACS: 42.55.Lt; 42.60 Lh
INTRODUCTION

Plasma based on mixtures of cadmium diiodide
vapor with inert gases is studied to create a highly
efficient coherent and spontaneous (with a large area)
source in the red spectral range of radiation for a
number of scientific and technological applications [1-9].

In [2-6], it was found that in a barrier discharge in
mixtures of cadmium diiodide vapor with inert gases
and molecular nitrogen at frequencies of pump pulses of
less than or equal to 6000 Hz, intense emission of an
exciplex cadmium monoiodide CdI* molecule
(transition B?Y1, — X*¥1, with a maximum of
radiation at wavelength A = 650 nm) observed . These
experiments are limited to studying the plasma emission
spectra and the dependences of the radiation intensity of
cadmium monoiodide on the partial pressures of helium,
neon, and nitrogen at low pulse repetition rates. The
emission characteristics of a barrier-discharge plasma in
multicomponent mixtures, the working life of mixtures
at increased repetition rates of pump pulses (up to
20 kHz), and also the plasma parameters were not
investigated.

This article presents the results of our studies on the
emission characteristics and plasma parameters of a
barrier discharge in mixtures of cadmium diiodide vapor
with helium and small xenon additives at pump pulse
repetition frequencies in the range of 18...20 kHz.

1. TECHNIQUE AND EXPERIMENTAL
CONDITIONS

Fig. 1 shows the main nodes of an exciplex gas-
discharge radiation source in which a single barrier
discharge was used to create a plasma on a working
mixture of cadmium diiodide and helium vapor. The
source design was cylindrical. The side surface of the
discharge tube served as an operation radiation zone.

An exciplex gas-discharge radiation source was
made of a quartz tube with a diameter of 16 mm and a
length of 220 mm 1. An electrode made of tungsten 2 of
circular cross section with a diameter of 4 mm was
placed in the middle of the tube along the axis. The
second electrode — stainless steel 3 was perforated (with
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a transmittance of radiation of 50 %) located on the
outer surface of the tube 1. The thickness of the
discharge region 4 and the burning length of the coaxial
volume discharge are 12 and 216 mm, respectively. The
exciplex source is located in a quartz tube 5, which is
welded at the ends, its length is 230 mm, diameter
26 mm. Atmospheric air was removed from the volume
6 between the exciplex lamp and the quartz tube 5. A
pulsed periodic voltage from a pump source was applied
to the electrodes 2 and 3 through the metal — quartz
inputs 7 and 8. The use in the design of an exciplex gas-
discharge radiation source of a volume 6 from which the
atmosphere was removed was caused by the need to
ensure high values of the partial pressures of cadmium
diiodide vapor in the discharge region 4. They increased
due to changes in the temperature of the working
mixture. This design of the exciplex gas-discharge
radiation source provided an increase in the energy
characteristics of the radiation source by 40 %
compared to the design without volume 6.
6
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Fig. 1. The main nodes of the exciplex radiation
source: 1 — quartz tube; 2 — electrode; 3 — perforated

electrode; 4 — discharge region; 5 — quartz tube;
6 — vacuum region; 7, 8 — electrical inputs

The discharge was excited by a mixture of cadmium
diiodide vapor and helium in the discharge region 4, the
volume of which was 31 cm® from a repetitively pulsed
nanosecond pulsed generator. The generator provided
the amplitudes of the pulse voltage (pulse duration
150 ns) and current at the emitter electrodes at the level
of 10...20 kV and 300 A, respectively, the pulse
repetition rate was 18...20 kHz.
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The radiation was lead out from the central region of
the interelectrode space and analyzed in the visible and
near UV spectral regions using an optical system
(ZMR-3 monochromator and FEU-79 photomultiplier).
The spectral resolution of the ZMR-3 monochromator
was 44 A at a wavelength of A = 434 nm. The optical
system was calibrated by the radiation of a SI 8 — 200
reference tungsten lamp at a filament temperature
T=2173 K.

The average radiation power was recorded with a
"Quartz-01" device. The average power meter — the
"Quartz-01" device and the KS-10 light filter were
installed in the registration system instead of the ZMR-3
monochromator. To determine the radiation power from
the entire surface of the exciplex source, we used the
expression for the irradiance created by an equal-
brightness radiating line, provided that its length is
much less than the distance at which the photodetector
is located from the radiation source [10].

Prag. = Qg Pyet/Qqet, Where Pgyey. power in W recorded
by the photodetector; Qg —equivalent solid angle;
Qqet. = Seet /102 — solid angle of the photodetector;
Seet — area of the photodetector window; |y — the distance
at which the photodetector is located from the radiation
source.

The average power was calculated taking into
account the emitting area and the radiation
transmittance of the perforated electrode. The
equivalent solid angle was taken equal to n* (for a
cylindrical surface) [10].

Gas mixtures were prepared directly in the
interelectrode space by successively injecting heavy
inert gas xenon and light buffer helium gas "high" purity
(GOST 1021). Cadmium diiodide (Cdl,) in an amount
of 100 mg was preloaded into the interelectrode space.
Degassing of the electrode and the inner surface of the
tube was carried out by heating them at a temperature of
50 °C and pumping out to a residual gas pressure of
1.3-10"* Pa by a 2NVR-5DM type foreline pump for 2 h.
The partial pressure of Cdl, vapors in the working
mixtures was created due to heating of the mixture
during the dissipation of the energy of a pulse-periodic
discharge. Its values were estimated from reference data
on the known temperature of the coldest point of the
tube [11]. Its temperature was determined using a
chromel — aluminum thermocouple. The gas pressures
were measured with an exemplary membrane pressure
gauge and a vacuum gauge. The error in measuring the
gas pressures was no more than 1 %, and the partial
pressure of cadmium diiodide vapor was 5 %.

The study of optical characteristics was carried out
when stable electrical and emission characteristics of
the plasma were achieved. A uniform discharge with no
more than three filaments was visually observed.
Filaments consist of two diffuse cones facing each
other.

2. SPECTRAL AND INTEGRAL
CHARACTERISTICS

Fig. 2 shows the overview radiation spectrum of a
barrier discharge plasma from a mixture of cadmium
diiodide vapor with helium at a pulse repetition rate of
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20 kHz, voltage amplitude at the electrodes, and current
through a gas discharge gap of 10 kV and 300 A,
respectively. The total pressure of the mixture is
250.024 kPa.

Characteristic of this mixture is the presence of a
system of spectral bands of the electronic-vibrational
transition B°*;,—X?%",,, of exciplex Cdl* molecules
with a radiation maximum at a wavelength of
A=650 nm, v '=0-2 — v' = 61.62 [12], a steep increase
in the intensity of these spectral bands from the side of
the long-wave region and slow decline in the short-wave
region. The edges of the spectral bands cover the
wavelength range 470...700 nm. With a change in the
repetition rate of the pump pulses in the range of
18...20 kHz, the shape, range, and position of the
maximum emission of the spectral bands do not change;
only their intensity and the ratio of intensities in the
band edges change. In addition to these spectral bands,
radiation is also observed on the lines A = 479 nm and
A= 509 nm of Cd atoms, the 5p°Py-6sS transitions
J=1-1 and J=2-1 [13, 14]. With a change in the
repetition rate of the pump pulses from 18 to 20 kHz,
the radiation intensity in the spectral bands and lines
increases by 10 %.
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Fig. 2. Survey emission spectrum of a plasma of a
barrier discharge on a Cdl,: He mixture. The spectrum
was recorded 30 min after the ignition of the discharge.
The repetition rate of the pump pulses is f = 20 kHz, the
amplitude of the voltage and current is U = 10 kV and

1 =300 A, respectively. The total pressure of the
mixture is p — 250.024 kPa

For a mixture with xenon (Fig. 3, the partial pressure
of cadmium diiodide is 24 Pa, the partial pressure of
xenon is 4.05 kPa, the partial pressure of helium is
250 kPa) it is typical that in the plasma emission
spectrum, in addition to the system of spectral transition
bands (BZZ*1,—X?E*1)5) Amax = 650 nm Cd1* molecules,
there are cadmium atom lines A = 479 nm and A = 509
nm (transitions 5p°Py-6s°S, J=1-1 and J=2-1), Xe
atom lines A =823 nm, A = 458 nm, and A = 450 nm
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(transitions, and) [12-14]. Spectral bands and emission
lines of a plasma of a barrier discharge on a mixture of
cadmium diiodide vapor with helium, xenon for a pulse
repetition rate of 18 kHz, their relative intensities (J/k,)
taking into account the spectral sensitivity of the
recording system (k;), as well as the excitation energy,
are given in Table.
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Fig. 3. Survey spectrum of radiation of a barrier
discharge plasma on a mixture of

Cdl,:Xe:He = ~0.024: 4.05:250 kPa. The spectrum was

recorded 30 min after the ignition of the discharge.

The repetition rate of the pump pulses is f = 20 kHz,

the voltage and current amplitudes are U = 10 kV
and | =300 A, respectively

Spectral bands and emission lines of working mixtures
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With a change in the repetition rate of the pump
pulses from 18 to 20 kHz, the radiation intensity in the
spectral bands and lines increases by 10 %. The
radiation intensity of Cdl* molecules in a mixture of
cadmium diiodide vapor and helium at a maximum of
radiation at a wavelength of A = 650 nm exceeds the
radiation intensity of cadmium atoms at wavelengths of
A=479.991nm and A=508.582nm by 3.4 and
1.8 times, respectively, and the radiation intensity of
molecules Cdl* in a mixture of vapors of cadmium,
xenon and helium diiodide at a radiation maximum at a
wavelength of A =650nm exceeds the radiation
intensity: cadmium  atoms at  wavelengths
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A=479.991 nm and A =508.582 nm, xenon atoms at
wavelengths A =458 nm and A =823 nm in 3.5, 2.3,
4.4, 8.8 times, respectively (see Table). With an
increase in the partial pressure of helium from 120 to
260 kPa, a nonmonotonic change in the radiation power
of exciplex molecules of cadmium monoiodide is
observed, a continuous increase in the range
120...250 kPa, reaching a maximum value at 250 kPa
(Fig. 4) and a decrease with a further increase in helium
pressure.
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Fig. 4. The dependence of the average radiation power
of exciplex cadmium monoiodide molecules on the
partial pressure of helium. The amplitude of voltage and
currentis U =10 kV and | = 300 A, respectively.
The repetition rate of the pump pulses is f = 20 kHz

Fig. 5 shows the results of the dependence of the
radiation intensity of the exciplex molecules of
cadmium monoiodide on the xenon partial pressures.
The most intense radiation of molecules occurs at a
partial xenon pressure of 4 kPa.
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Fig. 5. The dependence of the average radiation power
of exciplex cadmium monoiodide molecules on the
xenon partial pressure in a mixture of cadmium diiodide
vapor with helium and xenon. The partial vapor
pressure of cadmium diiodide is ~ 24 Pa,
and helium is 250 kPa.

The repetition rate of the pump pulses is 20 kHz

The dependence of the radiation power of cadmium
monoiodide on the number of pump pulses for a
component composition (the ratio of gas components
was chosen optimal — at which the maximum radiation
powers of Cdl* molecules are observed) is shown in
Fig. 6. It is characteristic of it that the saturation of the
radiation power for a mixture with xenon occurs earlier
in time than for mixtures only with helium. In addition,
there is a regularity — in a mixture of cadmium diiodide
vapor with helium, the radiation power of CdI*
molecules is higher.

ISSN 1562-6016. BAHT. 2020. Ne6(130)



P, W
32 B //.1-\2-—'&—-
24 Fe
-
16 | /
}.
8 .//._.-)._.F.i. ;_.“.ﬁ.- oo
A m
o
- A
0 1 1 L 1 1
1 2 3 4 5

-7
N»x10 ,pul

Fig. 6. The dependence of the average radiation power
of cadmium monoiodide on the total number of pulses:
1 - Cdl,:Xe:He = ~ 24 Pa:4 kPa:250 kPa;

2 —a mixture of Cdl,:He = ~ 24 Pa:250 kPa.

The pump pulse repetition rate is f = 20 kHz

The emission of spectral bands with a maximum at a
wavelength of A = 650 nm of the electronic vibrational
transition B’y — X%2*,, of the CdI* molecule in a
gas discharge plasma on mixtures of cadmium diiodide
vapor with xenon and helium occurs as a result of
processes lead to the formation and destruction of the
state of cadmium monoiodide, the main of which are [3,
18]:

Cdl,+e— Cdl, (*'£*,) - CdI (BZZ* )+ | +e, (1)

Cdl,+e— Cdl, (*'£*)) — CdI (BZZ*y),) +1I, 2)

Cdl (B%2"1,)—Cdl (X22* 1)+ hv, (3)
Aax, = 650 nm,

Cdl (B%*5) + M— CdI (X°Z*10)+ M + AE, (4)

where M is the concentration of Cdl,, Xe, He; AE is the
energy difference in the reaction.

Reactions (1) and (2) are the main sources of the
formation of Cdl* exciplex molecules [3, 16]. Electron-
vibrational transitions of B%X';,,—X°t*, of CdI*
molecules lead to emission of spectral bands with a
maximum intensity at a wavelength Am,= 650 nm
(reaction 3). In the quenching reaction (4), an electron —
vibrational transition of the cadmium monoiodide
molecule to the ground state occurs without radiation.

The emission of cadmium lines and xenon lines
occurs due to reactions [19]:

Cdl,+ e — Cd(5p®PO) + | + I, (5)

Cd(5p°P%) — Cd(6s°S° J=1-1) + hv, (6)
A=479.991 nm,

Cd(5p°P%) — Cd(6s°S° J=2-1) + hv, 7)
A =1508.582 nm,

Xe + e— Xe*+ e, (8)

A=458 nm, 823 nm .

A sharp increase in the intensity of the emission
spectral band of exciplex molecules of cadmium
monoiodide from the side of the region in the spectrum
with long wavelengths and its slow decrease in the
region of short wavelengths (see Figs. 2, 3) is explained
by the course of potential curves (excited B%Z*;, — state
is shifted toward large internuclear distances relative to
the X?Z*,,, — state) and by processes of relaxation of the
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population of the upper vibrational sates of the excited
electronic state, which occur faster than the electron-
vibrational transition to the main X", ,-state [20].

An increase in the intensity of the spectral emission
bands of exciplex CdlI* molecules, as well as the
intensity of the spectral lines of cadmium and xenon
atoms at an increased pulse repetition rate in the range
of 18...20 kHz, is caused by an increase in the number
of excitation events of plasma components and,
correspondingly, the number of radiation pulses per unit
time, which fall into the registration system. In addition,
an increase in the intensity of the emission spectral
bands of exciplex Cdl* molecules and cadmium atoms
is also caused by a change in the temperature of the
working mixture (the dissipation power of the discharge
energy increases with increasing pulse repetition rate
[21] and, accordingly, the partial pressures of cadmium
diiodide increase [11]). And this leads to an increase in
the concentration of cadmium diiodide vapors and,
ultimately, to different concentrations of excited Cdl *
molecules in the B2*j,-state, which leads to an
increase in the radiation intensities in the spectral bands
and lines A =479.991 nm and A = 508.582 nm.

The dependence of the radiation power on the partial
pressure of helium and xenon (see Figs. 4, 5) is related
to the fraction of the discharge energy that is spent on
heating the working mixture [21]. Numerical simulation
of specific discharge power losses due to elastic
scattering of electrons by atoms and molecules for
mixtures of cadmium diiodide with helium and xenon
established that with an increase in the total pressure of
the mixture from 120 to 270 kPa, the reduced electric
field strength decreases from 137 to 64.5 Td.

This leads to an increase in the specific losses of the
discharge power due to the elastic scattering of electrons
by atoms and molecules (heating the mixture) and,
accordingly, to an increase in the partial pressure of the
cadmium diiodide vapor and the radiation intensity of
CdI* molecules. The presence of a maximum of power
and its further decrease is caused by a decrease in the
mean electron energy, and this, in turn, leads to a
decrease in the rate constants of the dissociative
excitation of the B%*,,—Cdl* states by electrons in
processes (1) and (2). In addition, the process (4)
contributes to a decrease in the radiation power in
guenching the luminescence of cadmium monoiodide
molecules by helium and xenon. The lower radiation
power of exciplex CdlI* molecules in a mixture of
cadmium diiodide, xenon and helium vapors (see Fig. 5)
compared to a two-component mixture of cadmium
diiodide vapor with helium (see Fig. 4) is caused by the
fact that the discharge energy is spent on additional
excitation channels of energy states, namely xenon
atoms, and, accordingly, it is less spent on dissociative
excitation of B?Z*j,-states of Cdl* molecules by
electrons (reactions 1 and 2), as well as the process of
quenching the luminescence of cadmium monoiodide
molecules by xenon (reaction 4). Numerical modeling
revealed that the fraction of energy spent on the
dissociative excitation of this state of mercury
monoiodide molecules in a mixture of cadmium
diiodide vapor with helium and with xenon is 33 % less
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than the energy fraction in a mixture of cadmium
diiodide vapor with helium.

The saturation of power for a mixture with xenon
occurs earlier in time than for mixtures only with
helium (see Fig. 6, curves 1 and 2) due to the different
rate of dissipation of the discharge energy for a
multicomponent plasma and which depends primarily
on the probability of elastic collisions of electrons with
plasma components, which for the mixture with the
addition of xenon is higher [19]. To determine the
quantitative characteristics of this regularity, it is
necessary to carry out numerical calculations of the
kinetics of the process of dissipation of the discharge
energy in such a multicomponent mixture.

CONCLUSIONS

Thus, a study of the emission characteristics of a
gas-discharge plasma of a barrier discharge in two-
component and three-component mixtures (cadmium
diiodide with helium and a small addition of xenon)
revealed radiation in the visible and near infrared
spectral ranges of exciplex molecules of cadmium
monoiodide, cadmium atoms, xenon. The edges of the
spectral bands cover the wavelength range of
470...700 nm (systems of spectral bands of the
electronic-vibrational transition B%*z*;,,—X*z*,, of
exciplex CdI* molecules with emission maxima at
wavelengths A = 650 nm, v'= 0-2 — v' '= 61.62). In
addition, there are cadmium atom lines A = 479 nm and
A = 509 nm (transitions 5p°P%-6s°S, J = 1-1 and J = 2-1),
and in the three-component mixture, the atom lines Xe
A =823 nm, A =458 nm, and A =450 nm.

The radiation power of the exciplex cadmium
monoiodide molecules in two component mixtures is
higher than the radiation power in the three component
mixture, which is explained by the lower value of the
discharge power that is introduced in the excitation of
the B®S",,- state of the CdI* exciplex molecules due to
the presence of additional channels for the loss of
discharge power in the vapor mixture of cadmium
diiodide, xenon and helium.

As the pump pulse repetition rate increases to
20 kHz, the radiation power of the spectral bands,
cadmium and xenon lines in the studied mixtures
increases. These changes are caused both by an increase
in the number of radiation pulses per unit time (due to
an increase in the number of acts of excitation of the
plasma components) that enter the recording system,
and by an increase in the partial pressures of cadmium
diiodide due to an increase in the rate of dissipation of
the discharge energy.

Different rates of achieving saturation of the
radiation power depending on the time the mixture was
used are caused by different rates of dissipation of the
discharge energy in two component and three
component mixtures.

No noticeable (within the measurement error of
10%) changes in the radiation power of exciplex CdI*
molecules (after reaching their maximum values) were
not observed for 5-10" pump pulses for the studied
mixtures.
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SMUCCHOHHBIE XAPAKTEPUCTHKH I'A30PA3PSIJIHOM IIA3MbI HA CMECSIX IIAPOB
JTUHOIUIA KAIMUSL, TEJUSI U KCEHOHA

A.A. Manununa, A.H. Manunun

[TpuBeneHs! pe3ynbTaThl HCCIASIOBAHUS CIIEKTPAIbHBIX, MHTETPATBHBIX U PECYPCHBIX XapaKTEPUCTUK U3ITyYESHUS
ra3opaspsHOil IUIa3Mbl Ha MHOTOKOMIIOHEHTHBIX cMeciX (AMHOAMA KaJMUsl C TelMeM M MajbIMHU J100aBKaMu
kceHoHa). CozmaHWe ra3opaspsgHON IUTa3Mbl M BO3OYXKICHHE KOMIOHEHT pabouelf CMeCH OCYIIECTBISIOCH
HUMITYJIbCHO-TICPUOIUYECKUM (4acTOTa ClIeoBaHUS MMIyiIbcoB 18...20 k['1, miuTensHOCTE UMITyIBCOB ~ 150 HC)
OapbepHBIM pa3psnoM. BEIIBICHO M3ITydeHHE B BUIAUMOW OOJACTH CHEKTpa SKCHIUICKCHBIX MOJIEKYJ MOHOWOIMIA
KaJMHsI, aTOMOB KaJMUs, KCCHOHA. YCTaHOBJICHBI 3aKOHOMEPHOCTH B M3MECHEHUSX SMHCCHOHHBIX XapaKTEPHCTHK
IUIa3MBl B 3aBUCHMOCTH OT YacTOTHI CJIEHOBAaHMS HMITYJIbCOB HaKauyK{, KOMIIOHEHTHOTO W KOJNYECTBEHHOTO
COCTaBOB cMecell. [laHHBIC HCCIENOBaHMH INPEACTABISIIOT HHTEPEC U CO3JaHUS Ta30pa3psJHOr0 HCTOYHHUKA,
KOTOpBII M3Ty4aeT OJHOBPEMEHHO B (HOJIETOBOM, 3€JIE€HOM, KPacHOM M HWH(PaKpacCHOM CIEKTPAJIbHBIX
JMara3oHax.

EMICIIHI XAPAKTEPUCTHKH I'A30PO3PSITHOI IIJIA3MH HA CYMIIIIAX ITAPIB
JTUAOAUAY KAAMIIO, TEJIIO TA KCEHOHY

A.A. Maninina, A.H. Maninin

HaBemeHo  pe3ynpTaTH  JOCTIDKCHHS — CICKTPalbHHX, IHTETPAIBHUX 1 PECYpCHHX  XapaKTepPHCTHK
BUIIPOMIHIOBaHHS Ta30pO3PSAHOT IUTa3MH Ha 0araTOKOMITOHEHTHHX CyMIMIax (IMHOTUI KaJMIit0 3 TeIli€M i MaTuMu
nmobaBKkaM# KCEHOHY). CTBOpEHHS Ta30pO03pTHOI TUTa3Mu i 30yKeHHSI KOMIIOHEHT po00d01 CyMili 3iCHIOBaIOC
IMITYJILCHO-TIEPIOAMYHUM (YacToTa ciigyBanHs iMmynsciB 18...20 k['1, TpuBaiicts iMmynsciB ~ 150 Hc) Gap'epHum
po3psiioM. BusiBIeHO BUIPOMIHIOBaHHS y BUAMMIT 001aCTi CIIEKTPY €KCHIUIEKCHUX MOJIEKYJI MOHOHOIMIY KaaMito,
aTOMIB KaJMif0, KCEHOHY. BcTaHOBIIEHO 3aKOHOMIPHOCTI B 3MiHaX €MICIHHUX XapaKTepUCTHK IUIa3MH B 3aJIeKHOCTI
BiJl YaCTOTH CJIi{yBaHHS IMIIYJIbCIB HAKAYKU, KOMIIOHCHTHOTO 1 KIIBKICHOTO CKJIAIB cymimiei. [laHi TOCimKeHb
NPE/ICTABISIIOTh IHTEPEC /ISl CTBOPEHHS ra30pO3PsIIHOTO JKepelia, SIKUi BUIPOMIHIOE OJIHOYACHO Y (ioJIeTOBOMY,
3€JICHOMY, YEPBOHOMY 1 iH(pauepBOHOMY CIIEKTPAJIBHUX JTiala3oHax.
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