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The numerical calculation of the B®E/,,- state population in HgBr® and HgCl

molecules for weakly ionised (degree of ionisation £10°%) gas-discharge plasma of a
pulse-periodic discharge in binary mixtures of mercury dibromide and dichioride
with helium and neon has been carried out versus the value of parameter Ep at the
ratic HgRra(HaCly:He(Ne)=0.5:99.5 and total pressure of the mixture equal to
115 kPa. The BZ], -state populations in mercury monohalides were found out
from a kinetic equation for the population of this state. The population of the
B?LY, -stare in HgBr* molecules is equal to 3.25:10" em™ and it is 5.2 times larger
than for HgCl* molecules in mixtures with helium and 4.6 times in mixtures with
necn at E/p=3 V cm™{mm Hg)"'. The populations of HgBr* and HzC1* molecules in
mixtures with helium are larger than those in mixneres with neon. Maxima popula-

tions of the BE],, -state in mercury monohalogenides are obtained with £ = 2-

5V em''(mm Hg)™.

Data on populations of the upper oper-
ating level (B L] ,-state) of mercury mono-
halogenides are necessary for the optimisa-
tion of parameters and characteristics of the
gas-discharge excimer radiation sources on
mixtures of mercury dihalides with rare and
other gases. The measurements of popula-
tions of mercury monobromides and mono-
chlorides in gas-discharge plasma of work-
ing mixtures of excimer radiation sources
were not carried out, In [1-4] the calculations
of populations of mercury monchalogenides
{HgCI', HgBr and I—lgI‘j were made for
working media based on mixtures of mer-
cury with halogen-containing molecules and
rare gases, mercury dibromide with helium,
mercury dibromide with neon, mercury di-
bromide both with neon and admixtures of
xenon and nitrogen.

We have calculated the populations of

the B*E[,,-state in HgBr* and HgCl* mole-
cules for weakly ionised (degree of ionisa-
tion £10™) gas-discharge plasma of a pulse-
periodic discharge in binary mixtures of
mercury dibromide and dichloride with he-
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lium and neon vs the value of parameter E/p
at the ratio HgBry(HgClo):He(Ne)=0.5:99.5
and total pressure of the mixtures equal to
115 kPa. Such percent ratio was selected
from optimal conditions of approaching to
the most effective compositions of mixtures
by energy characteristics of discharge radia-
tion, which were obtained experimentally in
a gas-discharge excimer lamp [5].

The populations of the B'L],,-state in

mercury monohalogenides were found from
a kinetic equation for the population of this
state [8]:

d[HgX*] _,
dt !

(HgX V7, ) — ko[HgX T[HgXs],

[HeXa][Ne] -
(1

where [HgX']. [HgXa], [N.] are the con-
centrations of HgX (X=Br, Cl), HgX; and
electrons, &y is the rate constant of molecular
dissociation of HgX:; by electronic shock,

T, . is the radiative lifetime of HgX', k, is

Hex*
the quenching rate constant of HgX .
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The first term in equation (1) determines
the population rate of the B*Z;,, -state due to
the dissociative excitation by electrons. The
second term describes the decay of the

B*Z,,,-state due to spontaneous radiative

transitions. The third term governs quench-
ing due to collisions of HgX  molecules in
the B*E; , -state with HgX; molecules.

For quasi-stationary case it is possible to
obtain the expression for the population from
equation {1):

[HeX T=(ks [HEXa] (77, - +he [HEXD).  (2)

Let us find out the conditions, under
which it is possible to consider a mode of a
pulse discharge steady. For this purpose it is
necessary that the duration of an exciting
pulse be bigger than characteristic times of
processes which have an influence on the
concentration of excited HegBr and HgCl"
molecules. For our case this time should be
bigger than characteristic transient time of a
quasi-stationary electron energy distribution
function (EEDF), time of dissociation of
HgBr, and HegCl', time of guenching and
radiation lifetime of the B’L},-state in

HgBr' and HgCl'. The transient time of
guasi-stationary distribution of electrons, i.e.
the time of "tracking" EEDF for changes of
an electric field strength and concentrations
of plasma components is approximately
equal to the relaxation time of mean energy
of electrons [7]:

mv -
i ®

where m is the mass of an electron, ¢ is the
charge of an electron, E is the electric field

T

strength, £ is the mean energy of electrons,

v, IN[E] TU’Q@fﬂf)dU is the fre-
m

i
guency of elastic collisions of electrons with
atoms of helivm or neon, N is the concentra-
tion of atoms He or Ne in the mixture, OrLj}
is the effective cross-section elastic scatier-
ing of electrons on helium or neon atoms,

J{U} is an isotropic part of an EEDF normal-
ized by the condition: [U'""? £(U)dU =1.
o

To determine a quasi-stationary distri-
bution function of electrons on energies in a
gas-discharge excimer lamp the Boltzman
equation for electrons was numerically re-
solved, on this basis the electronic kinetic
factors were determined. The E/jp wvalue
ranged 1-30 Vem'(mm Hg)! in calcula-
tions. The concentrations of HgBr, and
HgCl, varied from 0.2% up to 2%.

The executed estimations of the time of
EEDF establishment according to the for-
mula (3) in a mixture He:HgBr;=99.5:0.5
demonstrate, that at E/p=20 V.cm™'(mm Hgy
' for an operating pressure of 115 kPa was
less than 7< B ns.

The time of dissociation (ty) of HgBrs
and HgCly by electronic shock and time of

quenching (f,) of the B*E;,, -state of HgBr"

and HgCl" by molecules of mercury di-
halides were estimated from formulas:

T, ~ (k,[HeX, ] . (4)
7, ~ (k,[Hex, ]} )

where k, for our case is equal to 7.8-107
em’/s and 6:10"" em®/s for HgBr, and HgCl,
at E/p=20 ‘»"~cm'l(nun Hg)™, respectively [2].
[HgX;] is the concentration of HgBr: and
HgCls under work conditions (~ 107 cm™),
k, for HgBr; and HgCl; is equal to 2.7.107°
cm’/s and 5,5-10°"" em?/s, respectively [6].

The estimations of times of dissociation
and quenching give the values < 20 ns and <
100 ns respectively for the whole Ejp range.
The radiation lifetimes of the B”E;,-state
HgBr' and HgCl  revealed to be 23.2 ns and
22.2 ns, respectively [8, 9]. Thus, the char-
acteristic times of basic processes which
have an influence on the concentrations of
excited HgBr' and HgCl' molecules are
mch less than pulse duration of pumping
{(~150 ns), that allows one to use the solution
(2) for the population of the B*Z;,, -state in
HgBr and HgCl” molecules.
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Table 1. Electron concentrations and populations of the B* Y7, -state in HgBr and HgCl.

E/p, : I

Ve mm Hg)! 1 2 3 4 5 6 } BJ 10 | 20 | 30
He:HgBr:

N., 10"%cm? 21.0 | 11.0 | 7.5 ’ i e R SR R SRR SR

[HgBr'1,10%em™® | 45 | 26.5 | 325 | 32.5 | 30.5 | 29.0 | 265 | 21.0 | 165 | 155
Ne:HgBr, |

N,,10%cm™ 160 | 88 | 62 | 49 | 40 | 35 2.?_L2.9 1.4 } 1.1

T = = 3 i

[HeBr'],10%em™ | 23.0 | 28.5 | 27.5 | 26.0 | 24.5 | 23.5 | 225 | 205 | 16.0 | 15.0
He:HgCl;

N,,10%cm™ IS SRR A B } Y e e R R
[HeCl',10%em™ | 1.5 | 6.1 | 6.2 | 54 } S e e e
Ne:HgCly
N.,10%em™ 170 91 | 63 | 49 | 40 | 35 | 28 | 23 | 14 | 11
[HeC1"1,10%em™ | 7.1 | 60 | 51 | 45 | 40 | 39 | 35 | 32 | 26 | 23

The electron concentration N, was cal-
culated in accordance with the known for-
mula

No=il(evs) ©)
where j is the current density in the dis-
charge, ¢ — charge of electron, vg - drift ve-
locity of electrons.

The current density of a coaxial lamp
(7=2.5 A/em®) was calculated on the current,
which was measured in its inter-electrode
space (147 A) and cross-sectional area of
discharge (S;~42.4 em’, S.,~99 -:m:] [5].
The values for drift velocity of electrons
were taken from the results of calculation of
transport characteristics [2].

The results of numerical calculations of
the population of the B*E;,, -state of mercury
monohalogenides and electron concentration
(for optimal concentrations of HgBry; and
HgCl; molecules in discharge through quartz
glass) in an interval E/p=1+30 V.em™(mm
Hg)" are presented in the table. The popula-
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tion of the B*E},-state in HgBr* is higher
than in HgCI*. In the mixture with helium the

population of HgBr* and HgCl* molecules is
bigger than those in the mixture with neon.

+

Maxima of populations of the B*Z},, -state in

mercury monchalogenides are obtained with
Efp=2+5 V.cm™ (mm Hg)™.

Let us compare the behavior of the
population of the B°E;,-state in HgCl¥,
HgBr* with dependences of radiation inten-
sity of gas-discharge plasma in our experi-
ments [10]. For this purpose we shall esti-
mate the field strength E applied to the
plasma. Since pulsed voltage is applied to a
circuit "dielectric - gas mixture" the field
strength E applied to the plasma will make a
fraction of the total field strength that is de-
termined finally by the voltage drop across
the impedance of dielectric and plasma.

The capacitive resistance of an insulator
is written as X.=1/{wC), where © is the fre-
quency of a leading edge of a pumping pulse
and C is the capacity of the insulator. It is
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known that for a glass insulator the capacity
can be estimated as C=C,S, where Cp=2
pFlem® is the specific capacity of working
dielectric with thickness of 2 mm. At the du-
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3ACEJIEHOCTI B'Y! - CTAHY MOHOBPOMIZY TA
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3pobnedo HcenpHEl pospaxyHok 3acenewocti BUL;,, - cramy MoHoratorexinis
pryri (HgBr Tta HgCl) ans cioaboiowisopanoi (crynife iomizanii <10°%)
razapospRgHel [NASMH  IMOYNRCSO-MEPIOAHIHOTG POIPANY B NOABIHEX cyMimax
THOpoMiTy T2 OHXTOPHITY PIVTL 3 refieM Ta HCOHOM ZANE®HO Bill BENHHHHH
mapamerpa B npu coigeinnowernni HeBr(HgCL) He(Me) = 0.5:99.5 1a saransnomy

. . . . 2= .
Tacky cymimedi 115 lla. Konpentpanis monoranarenipie pryri 8 87X, - cTani
IHAXOMMIACH 3 KiHETHIHOTO EiBHﬂEH—H{ JUTA 3ACENRHOCT] WboTo cTany. [f snaveHns M
soneryn HegBr' (3.3-10" ca™) eme, sis nas monesyn HgCl' s 5.2 pasa b cyminax 3
reniem i 8 4.6 pasa B eyMillax 3 neokom npu £p =3 B-cv-mint pr. o1, Jacenenocti
wonexyn HgBr 1a HeCl Ginend B cyminmx 3 reniem, His 3 AeoHoM, MarcHMAanhHi
sHAueHHd sacensrocTi BTL] - cTaHy MOHOTANOrEHINE PTYT] SHAXOOATESA B 0GnacTi

shaueHs napametpa Kp = 245 Beow M pr. o
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