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Investigations of the optical characteristics of a gas-discharge plasma of an atmospheric pressure barrier
discharge on mixtures of zinc diiodide vapor with helium are presented. The repetition rate of the plasma pumping
pulses was 130 kHz. The regularities were established: in the emission spectra of a barrier discharge plasma in the
400...750 nm range with a resolution 0.05 nm, in the temporal characteristics of voltage and current, and the
radiation brightness dependences on the partial pressure of helium and nitrogen. The emission of exciplex Znl*
molecules with a maximum of intensity at A = 602 nm, excimer molecules I,", and lines of zinc and helium atoms
was revealed. The specific average radiation power in the spectral range AA = 550...650 nm was determinedwhich

and it is equal to 34 mw/cm?®,
PACS: 42.55.Lt; 42.60 Lh

INTRODUCTION

Data on the optical characteristics of a gas-discharge
plasma on mixtures of zinc diiodide vapor with helium
are important for the diagnosis and optimization of the
spectral and energy characteristics of sources of
spontaneous (excilamp) and coherent radiation (lasers).
Mixtures of zinc diiodide vapor with inert gases can be
promising working media for creating environmentally
friendly spectral radiators in the visible and ultraviolet
spectrum range. Investigations of the optical
characteristics of such radiators on mixtures of zinc
diiodide vapor and helium under gas-discharge plasma
conditions and optical pumping are presented in [1-5].
In this case, the repetition rate of the generator pulses
that excited the plasma was <100 kHz. To create
powerful narrow-band sources of visible and ultraviolet
radiation, it is of interest to study optical characteristics
at higher frequencies of plasma excitation, which was
the purpose of our studies. In this paper, studies are
made of the optical characteristics of atmospheric
pressure gas-discharge plasma on mixtures of zinc
diiodide vapor and helium and a small addition of
molecular nitrogen at a pump pulse repetition rate of
130 kHz.

1. THE TECHNIQUE AND METHODS OF
THE EXPERIMENT

The technique and methods of the experiment were
similar to those used in the study of the optical
characteristics of a gas-discharge plasma ofan
atmospheric pressure barrier discharge on mixtures of
zinc diiodide vapor with helium [6].

2. RESULTS AND DISCUSSION

Typical oscillograms of current and voltage are
shown in Fig. 1. In each half-period of the applied
voltage on the oscillogram of the detected current, a
series of sharp picks of different amplitudes and about
the same duration was observed on the displacement
current curve. Each current pick is caused by a set of
filamentary microdischarges - filaments that occur in
the discharge gap and are statistically distributed in
time.
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Fig. 1. Oscillograms of voltage and current pulses of a
gas-discharge plasma of a barrier discharge in
a Znly / He = 0.5 Pa/150 kPa mixture

The oscillogram of the current pulses is asymmetric-

in the positive half-cycle, the first burst had a much
larger amplitude than the others, and in the negative
half-cycle the amplitude of all the bursts was
approximately the same. This is apparently due to the
fact that with increasing frequency in the DBD on the
mixture, the role of the factors associated with the
discharge geometry significantly increases, namely, the
surface areas of the electrodes are very different, since
the discharge occurs in the "cylinder-wire" system, the
dielectric is covered only one electrode of the radiator,
and in one case the charge transfer occurs first through
the dielectric barrier, and then through the plasma, and
in the other way around - first through the plasma, and
then through the dielectric.
A typical survey spectrum of the radiation of DBD
plasma on a mixture of zinc diiodide vapor with helium
is shown in Fig. 2. In the spectra obtained in the visible
range, a band with a maximum at A = 602 nm was
distinguished, which had a poorly-resolved vibrational
structure  and  corresponded to the BTt
—X?T*pelectron-vibrational transition of the Znl
molecule [7].
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Fig. 2. The survey spectrum of the radiation of a gas
discharge plasma of a barrier discharge on mixtures:
1-2Znl,/ He = 0.0003 Pa / 150 kPa (cold mixture);
2—2Znly/He =0.5 Pa/ 150 kPa

The bulk of the radiation of Znl(B—X) molecules is
concentrated in the range of 590...608 nm. The shape of
the Znl (B—X) band is similar to the spectral bands
corresponding to the B—X transition in mercury
monohalides, namely: a steeper increase in intensity
from the long-wave range anda slow decline in the
short-wavelength region. At atmospheric pressure of the
mixture, due to the completion of vibrational relaxation,
the transitions occur mainly from the lower vibrational
levels of the excited electronic state. The width at half-
height for the spectral band of Znl (B—X) was 15 nm,
which agrees with the results of [1], where the optical
pumping of the Znly/Ar mixture by ArF laser radiation
was used. Also in spectra there were atomic zinc lines -
5s — 4p (468.0, 472.2 and 481.0 nm) triplet, 4d —4p
(636.2 nm) line [8] and molecular iodine bands, the
most intense of which was band I, (D'-A ') with a
maximum at A = 342 nm [7]. The intensity of the
atomic lines and the brightness of the molecular bands
strongly depended on the temperature of the working
mixture. The intensity of the zinc lines increased with
increasing temperature, while the brightness of the
bands of molecular iodine decreased. The brightness of
the molecular band was understood as the area under the
curve on the spectrum.In the spectral region
315...425 nm, molecular nitrogen bands corresponding
to the electronic-vibrational transition

C°TI, —>B3Hgof the second positive N2 system were

also observed. They were manifested in the spectrum
due to burningof the discharge (parasitic) in the air
between the outer surface of the quartz tube and the
grid. At a temperature <100...120°C, in the range
420...480 nm, bands that are identified with the
emission of I, molecules (B—~X) were observed (see
Fig. 2). In the emission spectrum of the DBD (see
Fig. 2), the intensity of the helium atomic lines
noticeably decreased as the working mixture warmed
up. This regularity is due to a decrease in the electron
temperature in the discharge with an increase in the
concentration of readily ionizable particles, in
particular, zinc diiodide molecules and zinc atoms. [9].
When the helium partial pressure in the Znl, / He
mixture was increased from 102 to 200 kPa, the
brightness of the Znl (B—X) radiation increased
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approximately three times without signs of saturation
(Fig. 3). Such a dependence can be caused by an
increase in the temperature of the working mixture and,
in turn, by an increase in the partial vapor pressure Znl..
Addition of nitrogen to the Znl, / He mixture (the inset
in Fig. 3) led to a monotonous decrease in the intensity
of the Znl molecules, since the energy of the discharge
is expended on additional channels, including
vibrational excitation of molecular nitrogen.

The emission of spectral bands and barrier discharge
plasma lines on a mixture of zinc diiodide vapor and
helium is probably observed due to the following
reactions: [10, 11]:

Znlpte—Znl,(Gizt)»Znl( B’E] ) ++e, Q)
Znlpte—Znl,CGzt)—»znl( B*E] )+ 1, )
Znly+te—2Znl; (D)—>Zn| (CQH1/2, D2H3/2) +1 +e, (3)
Znl (CATyp, D Tag) + M — Znl(B*Z. ) ) + M+ AEs,,  (4)
Znly+e—Znl(31z*) —»2Znl( X 221*,2) +1 +e, (5)
Zni(B’Z],, )>znl( X 225, )+hy, (6)

Maxe. = 602 nm,
Zni(B’E;,,) + Mo>Znl( X 255, ) +M +AEs,  (7)

Znlyt e—>Zn* + 21 (1%, Iy, 1) + e, (8)
12(D”) = 12(A”), 9)
Avare. = 342 nm,

12(B)— 12(X) , (10)
A =420 —480 nm,

Zn* »Zn + hy (11)
A=468.0, A=472.2 nm, A=481.0 nm , A=636.2 nm,
I*—>1+hyv, (12)
A =589.4 nm,

He + e >He* + e, (13)
He* — He +hv, (14)
A=501, 6 nm,

He*+M—He+M+AE,, (15)

where M is the concentration of quenching molecules
and atoms (Znlp, He,), respectively, AEi, — energy
difference in reactions (4), AEs, AEs-energy difference
in reactions (7) and (15).

In addition, the formation of Znl (B) molecules can
also occur in electron-ion and ion-ion recombination
reactions. But the contribution of such processes is
insignificant because of lower concentrations of the
initial components [10].

Reactions (1) and (2) are known as the main sources
of exciplex molecules of zinc monoiodide (Znl™), which
rate constants are not known at the moment. It can be
assumed that they are within the limits of 10 m% s and
101" md/s, respectively, since the specific radiation
power in the spectral band of the exciplex Znl*
molecule (Fig. 4) is close to the specific radiation power
in the spectral band of exciplex molecules mercury
monoiodide and mercury monobromide [12]. In
addition, molecules of zinc monoiodide can be formed
in reactions (3) due to the excitation of molecules of
zinc diiodide to state D in collisions with electrons (D-
state is the sum of several states that are located
between 7 and 13 eV (ionization threshold Znl5) [2, 10].
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Emission from the D-state of Znl; is not observed, since
this state rapidly dissociates with the formation of
electronically excited Znl* molecules in C and D-states
[10]. They are quenched in reaction (4), leading to a

high population — the state BZZT/Z of zinc monoiodide

[10]. The reaction of the collision of molecules of zinc
diiodide with electrons (6) is a channel for the formation
of molecules of zinc monoiodide in the ground

state X 22;,2, the rate constant of which, according to

our estimate, is ~ 10> m%s. Electron-vibrational
transitions B’Y > (X%, ofzinc
monoiodidemolecules lead to the emission of spectral
bands with maximum intensity at a wavelength of
Amax. = 602 nm (reaction (6)) [10]. Emission of spectral
bands with a maximum intensity at a wavelength
Amax. = 342 nm is caused by the electron-vibrational
transition D '— A' of iodine molecules (reaction 9), and
the emission of spectral bands at A = 420...480 nm is
caused by the electronic-vibrational transition B —X of
iodine molecules (reaction 10) [10]. Excited iodine
molecules are formed in reaction (8). Excited zinc
atoms are formed due to the passage of reactions (8) due
to the large effective cross section for the dissociative
excitation of molecules of zinc diiodide with electrons
[11]. The reaction (13) is responsible for the excitation
of the atoms of the helium buffer gas. An important role
in the emission of spectral bands and lines belongs to
the quenching processes from which emission occurs
both by zinc diiodidemolecules (reaction 7) and by
atoms of the buffer gas helium (reaction 15), because of
which the radiation intensity decreases, the rate
constants of which have the value 1.7 - 10°° m® / s and
~1.5-10"md/s[2].

Measurement of the average radiation power W of
the radiator was carried out at a total pressure of
150 kPa (see Fig. 4). After the discharge was switched
on with increasing temperature, the average power
initially increased during 12 minutes after which a slight
decrease in W for 8 min was caused by a decrease in the
intensity of emission of inert gas lines and spectral
bands of molecular iodine (see Fig. 3). Then the radiator
entered the regime in 20 minutes and W was stabilized.
Under these conditions, the maximum value of the
average radiation power per unit area in the visible
range was 34 mwW/cm? (see Fig. 4), the efficiency with
respect to the power input into the discharge was ~ 8 %.
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Fig. 3. The dependence of the emission brightness of the
spectral band Znl (B-X) on the value of the partial
pressure of helium in the Znl,/He mixture. The inset
shows the dependence of the emission brightness of the
spectral band Znl (B-X) on the partial nitrogen pressure
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Fig. 4. The dependence of the radiation power of a gas-
discharge barrier-discharge plasma on
a Znl,/ He = 0.5 Pa/150 kPa mixture on the discharge
burning time in the range A2, = 550...650 nm

CONCLUSIONS

Thus, as a result of complex studies of the optical
characteristics of atmospheric pressure DBD plasma
atmospheric pressure on mixtures of zinc diiodide vapor
with helium, intense emission of a spectral band with a
maximum at A = 602 nm of exciplex molecules of zinc
monoiodide, the bulk of which is concentrated in the
wavelength range 590...608 nm. In addition, spectral
bands of molecular iodine were detected, the most
intense of which was the band 12 (D'>A ') with a
maximum at A = 342 nm and spectral bands of the
B—X electron-vibrational transition in the wavelength
range 420...480 nm, and also the zinc line — a triplet of
5s — 4p (468.0, 472.2 and 481.0 nm) and a 4d — 4p
(636.2 nm) line.

The average radiation power per unit volume was
34 mW/cm?® in the wavelength range
AL =550...650 nm, the efficiency with respect to the
power input to the discharge was ~ 8 %.

A radiator based onatmospheric pressure DBD plasma
with high-frequency pumping of a working mixture of
zinc diiodide vapor with helium can be the basis for
creating a self-heating excilamp that emits in the orange
spectral range. Scaling of the working area of the barrier
discharge will make it possible to use the radiator in
biotechnology, medicing, etc.
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ONTUYECKHUE XAPAKTEPUCTHUKHU I'A30PA3PSTHOM ILJIABMBI BAPBEPHOI'O PA3PSIJIA
ATMOC®EPHOI'O JABJIEHUSI HA CMECSIX ITAPOB JUHOIUJIA IIMHKA C TEJIMEM

A.A. Manununa, A.H. Manunun, A.K. llyaubos

[IpencraBineHbl MCCIEJOBAHUS ONTHUECKUX XapaKTEPUCTHK Tra30pa3psgHON Iula3Mbl OapbepHOro paspsnia
aTMOc()epHOTO TaBJICHUS HA CMECAX MapoB AMHOAMAA IIMHKA ¢ renueM. YacTtora claeoBaHHUS MMITYIbCOB HAKAYKH
wra3mel coctaBisuia 130 k1. YcraHOBIEHB! 3aKOHOMEPHOCTH B CIIEKTpaXxX M3JIydEeHUS IIa3Mbl OapbepHOTO paspsiia
B muamazoHe 400...750 am c¢ paspemenuem 0,05 HM, BO BPEMEHHBIX XapaKTEpHUCTHKAaX HANpPsDKCHUS W TOKa, B
3aBUCHMOCTSIX SIPKOCTH M3JIY4YEeHUs OT MapLUUadbHOTO JaBICHUS TeNUs M a30Ta. BBIBICHO W3MydeHHUE
SKCHILIEKCHBIX MOJIEKYN Znl* ¢ MakCHMyMOM MHTEHCHBHOCTH mpH A = 602 HM, S5KCHMEPHBIX MONEKYH I, uHumit
aToMOB IMHKa W reims. OmpeneneHa yaenbHas CPEAHAS MOIIHOCTh HM3IYYECHHS B CIEKTPAIbHOM IHMAIAa30HE
A\ =550...650 HM, kKoTOpas uMena Benuuuny 34 MB1/cm®,

OIITUYHI XAPAKTEPUCTHUKHU I'A30PO3PSATHOI IIVIA3MU BAP'€EPHOI'O PO3PSTY
ATMOC®EPHOI'O TUCKY HA CYMIIIAX MAPIB JIAOAUAY LIUHKY 3 T'EJIIEM

A.O. Maninina, A.M. Maninin, A.K. Illyaiooe

IIpeacraBneHo AOCHIKEHHS ONTHYHHMX XapaKTEPUCTUK Ta30pOo3psiiHOl  IJIa3Mu  Oap'epHOro  po3psny
aTMOC(EepHOTO THCKY Ha CyMIIIax MapiB MIHOMUIY HWHKY 3 TelieM. YacToTa MPOXOKCHHS IMITYJIbCIB HaKadKH
mra3mMu craHoBmwia 130 x['m. BcraHOBIEHO 3aKOHOMIPHOCTI Y CIIEKTpaxX BHIIPOMIHIOBAHHS IUIa3MHU Oap'epHOTO
po3psany B miamazoni 400...750 HM 3 po3xinpHOIO 37atHiCTIO 0,05 HM, y 4acoBHX XapaKTEpUCTHKAaX HANPYyTH i
CTpYMY, y 3aJIe)KHOCTAX SCKPAaBOCTI BHUIPOMIHIOBAHHS BiJl TMapiaJbHOTO THCKY Telito 1 a3oTy. BussieHo
BUTIPOMIHIOBaHHSI €KCHUIUIEKCHUX MoJiekyn Znl* 3 MakcuMyMom iHTeHCHBHOCTI mpu A = 602 HM, eKCHMEpHUX
Monekyn I[p*, miHIdH aToMmiB IMHKY i remiro. BH3Ha4eHO NHTOMY CepemHIO MOTYXKHICTH BHIIPOMIHIOBAHHS B
crekTpanbHOMy fianasoni AA = 550...650 um, axa Mana Benuuuny 34 MBt/cm®.
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