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Effect of the normal current density in the dc glow discharge normal regime is studied using a phenomenological
model of stationary dissipative structures caused by the distributed feedback. The cathode layer is described as a
bistable medium, governed by the Fisher-type reaction-diffusion equation for ions' density. Stability of normal cathode
current structure and existence of the current-voltage characteristic section with the current independent voltage drop is
explained using the proposed analogy. The main parameters of the dissipative structure such as travelling wave velocity
and critical current of abnormal regime transition are calculated. Obtained results are in good correspondence with the

parameters obtained from the numerical simulation of dc glow discharge.
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1. INTRODUCTION

Cathode layer of the glow discharge in normal
regime can be described form the point of view of the
active systems’ theory. The basic effects, observed in the
cathode region such as (i) current independent voltage
drop, (ii) normal current density, and (iii) existence of
separate current spots can be treated as self-organization
phenomena [1, 2]. In this work these effects are described
using model of the dissipative structure caused by the
distributed feedback [3, 4].

2. KINETIC EQUATION

It is well known that main processes in the cathode
layer of glow discharge are impact ionization and the
ions’ drift to the cathode governed by superposition of
external and eigen electric fields. Since -electrons’
relaxation time is smaller then ions’ one, we assume that
electrons’ densities can be always found from the
instantaneous ion distribution and external electric field.
So the initial set of hydrodynamic equations can be
reduced to the reaction-diffusion equation for mean ions’
density <n;>_:
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were z-axis is directed along the discharge gap (z = 0 on
the cathode, z = L, on the anode, 4. is the cathode layer
thickness), » is radius in the cylindrical coordinates.
Below we omit the averaging symbol < >, for ions’
density. Bistability of the cathode layer can be described
by kinetic function f{n, V) with the voltage drop V as
external parameter:
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were y; is the ions’ mobility, a is the Townsend
coefficient, y 1is the secondary electron emission
coefficient, and u is the reproduction coefficient. Electric
field magnitude along the cathode layer can be
approximated by the expression:
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were ¢ is the elementary charge and 0.5 ;" is the ions’
density corresponding to the field magnitude V/A, in the
cathode layer. Dy is the effective diffusion coefficient
describing diffusion-drift motion of ions along the
cathode surface:
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3. CURRENT-VOLTAGE CHARACTERISTIC
AND STABILITY ANALYSIS

Current-voltage characteristic can be obtained using
the set of conditions [4]:
i ¢ritical
f (ni critical ® I/critical ) = 0 ’ J‘ f(nl > Vcritical )dnt = O N (5)
0
Values (1; criica Veririca) correspond to the traveling
wave with the zero velocity.
If the discharge voltage drop V exceeds the critical

value ¥, then discharge self-maintenance condition

MU= 7{exp{Api’r exp{—%} dx}—l} >1 6)

is satisfied in larger region, and traveling wave described
by equation (1) spreads along the cathode. As a result the
cathode spot grows. The total discharge current increases,
and consequently voltage drop on the external resistance
Vrext also increases. This effect results to the decrease of
the discharge gap voltage drop V. When voltage V
decreases to the threshold V,,, the traveling wave front
stops, so voltage V. and normal density n; ., remain
constant until the normal ion density doesn’t fill the
whole cathode surface.

4. TRAVELING WAVE VELOCITY

Using the plane geometry (r—o0) and automodel
substitution

n(».t)=n(&), E=y-cy, 7
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where ¢ is the velocity of auto-wave, one can obtain the
following equation for #; from (1):

2 2
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Unknown constant ¢, can be obtained from the
condition that phase trajectory on the plane (n, dn/dt)
starting from the saddle point corresponding to the right
maximum of the potential (Fig. 1) should come to another
saddle point corresponding to the left potential maximum
(Fig. 2) [4].
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Fig. 1. Kinetic function (1) and potential (2) for
p=5Torr, V=197V, h,=0.065 cm
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Fig. 2. Potential distribution and phase trajectories for
different cases c>cy (1), c=cy (2) and c<cy (3)

Calculated dependence of the velocity ¢, on the spot
radius is presented on Fig. 3. It is similar to the usual
dependence of the traveling front on its radius of
curvature [4].

5. CRITICAL CURRENT VALUE

If the area of transitional region is much less then
areas of the stationary phases, the current across the
discharge gap is given by the relationship

I=nug(s-8) E"_(n )+ e 9
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where S”is the full area of zero-current phase, and S is the
full area of cathode, so coexistence of two phases is
possible when condition

()
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is fulfilled (in this case total number of separate current
spots is not limited). Inequality (10) is transformed into
equality with the discharge current increasing, and low
current density regions disappear in this case.
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Fig. 3. Obtained velocities of the traveling wave as a
Sfunction of radius for different applied voltage:
V=200V (1), V=190V (2);p =235 Torr

6. COMPARISON WITH THE RESULTS
OF HYDRODYNAMIC SIMULATION

Obtained parameters of the glow discharge cathode
layers were compared with the numerical simulation
results [5]. Main data are presented in the Table. It is clear
from this table that analytical results are in good
correspondence with results of numerical simulation in
the hydrodynamic approach.

Comparison of the cathode layer parameters of glow
discharge obtained via numerical simulation (1) and
using the analytic description (2)

. 2 -1
e | n,10°em® | E, Viem 10° | /8 V,B
3] 10
H
SV 1 2 1 2 1 2 1 2
3 6.0 4.7 0.79 0.80 | 0.14 | 0.11 | 169 | 164
5 24 26 1.46 1.56 | 1.02 | 1.18 | 197 | 185

7. CONCLUSIONS

The theory of dissipative structures caused by the
distributed feedback was applied to analysis of the glow
discharge normal regime. It permits to explain the effect
of normal current density, conservation of the discharge
voltage drop and increase of the current density at
transition to abnormal regime.

1. New way to obtain the kinetic function for this case
was proposed. Kinetic function was presented in the form
of continuous analytic function.
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TOKOBOE KATOJHOE IISAITHO B HOPMAJIBHOM PEKUME TJIEIOIIEI'O PA3PSAIA
KAK CTAHUOHAPHASA JTUCCUITATUBHAS CTPYKTYPA: MAKPOITAPAMETPBI

AL Ilonomapes, H.A. Anucumos

UccrnenoBan 3¢ ekt HOpMaNbHOW IUIOTHOCTH TOKa B KAaTOJHOM CJO€ TICKOMIETr0 pas3psia C HCHOIh30BaHHUEM
aHAJIOTHH MEXIy CBOWCTBAMH pa3psla M CTAMOHAPHBIX JUCCHIATUBHBIX CTPYKTYp, 0OYCIOBICHHBIX paclpeleIeHHON
obpatHOil cBs3pl0. KaTomHbIA CiOi paspsga OmMCHIBaeTCS KaK akTHBHAsS Cpela, COCTOAMIas W3 OHWCTaOMIBHBIX
3JICMEHTOB, C MOMOIIBI0 YpaBHEHUs peakiuu-quddy3un. C MOMOIIbI0 NPUBEACHHOW aHANOTUU 00BsCHEH 3¢ (eKT
HOPMaJIbHOM TJIOTHOCTH TOKa, cyliecTBoBaHue Ha BAX ydacTka ¢ HE3aBUCHMOM OT 3HAYEHUS! CHJIBI TOKA BEJIMUMHBI
MaJCHUs] HANPSDKCHUS. PacCUMTaHbl OCHOBHBIC MapaMETPhl TUCCUIIATHBHON CTPYKTYpBI, TAKHE KaK CKOPOCTh (hpOHTA
BOJIHBI TIEPEKITIOYEHUS] B IJIOCKOM Cily4ae, KpUTHUECKOEe 3HAUCHUE CHJIbI TOKA, OTBEYAIOIllee NePEeX0y B aHOMAJIbHBIH
pexuM. [lonydeHHble pe3ynbTaThl XOPOIIO COTNIACYIOTCS ¢ pe3yJIbTaTaMHi YUCIEHHOTO MOJICITUPOBaHUSI.

CTPYMOBA KATOJHA IIVISIMA B HOPMAJIBHOMY PEXXKHUMI )KEBPIIOUOI'O PO3PAAY
SAK CTAHIOHAPHA JTUCHUITATUBHA CTPYKTYPA: MAKPOCKOIITYHI ITAPAMETPHU

O.11. Ilonomapwos, 1.0. Anicimos

Jocmimkeno epekT HopMaTbHOI TYCTHHU CTPYMY B HOPMAJIBHOMY PEXHMI KEBPIIOUOTO PO3PSITYy BUKOPHCTOBYIOUH
AHAJIOTII0 MDK BJIACTUBOCTSIMU PO3pSAY Ta CTAlliOHAPHUX AMCHIIATHBHUX CTPYKTYP, OOYMOBJIEHHX PO3IOJIICHUM
3BOPOTHIM 3B’s13k0M. KaToqHHMIA 11ap OMUCYETHCS K aKTUBHE CEPEIOBHIIE, 10 CKIAAETHC 3 01CTAOUTLHUX CJIIEMCHTIB,
BUKOPHCTOBYIOUHM pIBHAHHS BHIY peakuii-audysii. BukopucToByrouM HaBeleHy aHaJOrilo, IMOSICHEHO edekT
HOPMaJIBHOI TYCTHHH CTPYMY, iCHyBaHHsA Ha BAX NUISHKHM 3 HE3aJeXHOI0 BiJl 3HAUCHHS CHIIM CTPYMY BEJIMYMHOIO
najiHAs Hanpyru. Po3paxoBaHO OCHOBHI MapaMeTpH AWCHIIATHBHOI CTPYKTYpH, Taki SK HIBHAKICTE (pOHTY XBWII
MEpEMHUKaHHS y BHUIAAKY IUIOCKOI TeoMeTpii, KpUTHYHE 3HA4YCHHS CHIM CTPyMy, IO BIAIIOBiJae Mepexoay B
aHOMaNBHUH pexxuM. OTpUMaHi pe3yIbTaTh Y3TODKYIOThCS 3 Pe3yIbTaTaMH KOMIT FOTEPHOTO MOJICITIOBAHHS.
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