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Dependence of the transition from Townsend to glow discharge on secondary emission
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In a recent paper, Si& and Eber{Phys. Rev. E.66, 006410(2002] systematically studied the transition
from Townsend to glow discharge, referring to older work by von Engel and M. SteerjBdektrische
Gasentladungen. lhre Physik und Tech¢8lringer, Berlin 193% Vol. 11] up to Raize{Gas Discharge Physics
(Springer, Berlin, 199j]. Sijati¢ and Ebert stated that this transition strongly depends on secondary emission
vy from the cathode. We show here that the earlier results of von Engel and Raizer on the small current
expansion about the Townsend limit actually are the limit of smaif the Sijai¢ and Ebert expression, and
that for largery the old and the Sijia¢ and Ebert new results vary by no more than a factor of 2. We discuss
the y dependence of the transition, which is rather strong for short gaps.
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In a recent articlg1], the transition from Townsend to a(|E]) = o e EIE (4)
glow discharge was reinvestigated with analytical and nu- _
merical means. On the analytical side, a systematic, smafln [1], the generalized case(|E|)=qa, exp(—Eo/|E|)° was
current expansion about the Townsend limit was performedreated) Boundary conditions at the anodz=0) and for

and it was stated: secondary emission at the cathdded) are
“The result agrees qualitatively with the one given by
Raizer[2] and Engel and SteenbegR]. In particular, the J(0)=0, [e(d)]=y[Iu(d). (5

leading order correction is also of ordef(j/ u). However, The discharge is characterized by the potertiahnd total
the explicit coefficient ofj? differs: while the coefficient in electric current). as

[2,3] does not depend oy at all, we find that the depen-
dence onvy is essential, as the plot df in Fig. 1 of [1]
clearly indicates. In fact, within the relevant range of 0 U :f
< y<1, this coefficient varies by almost four orders of
magnitude. We remark that it indeed would be quite a sur- |t is useful to introduce dimensionless voltage and cur-
prising mathematical result if the Townsend limit itself rent, as
would depend ory, but the small current expansion about it
would not.” v - J

Here, we remark that while the s i ion i u= > 1= ’ ™

, ystematic calculation in Eo/ ag €0oEo 1+Eq

Ref. [1] was correct, the interpretation and comparison to _
earlier work requires some correction. wherej=j/u with the definition ofj from [1]. It should be

To be precise, the model treated [ib-3] and by many noted that only bulk gas parameters have been used as units;
other authors is a one-dimensional time independentherefore, the dimensionlessandj are independent of.
Townsend or glow discharge characterized by the classical Further dimensional analysis yields that the current-

equations for electron and ion particle currdgt and elec- voltage characteristica=u(ﬁ can depend on three param-

d
dx Ex), J=e(nu, +neuo)E. (6)
0

tric field E, given by eters only; namely, on the dimensionless gap letgthd,
on the coefficienty of secondary emission, and on the mo-
0Jo= 3Jad(E], 4. =|IJad|E], (1) bility ratio u=u./ue In practice, the dependence on the

small parameteg is almost negligibly weak1]; therefore,
u=u(j,L,vy). Here, the dimensionless gap lengtlis related
to pd throughL=Apd as long as the coefficient, is related

e
AE = E—(n+ -Ny), (2)  to pressure agy=Ap. o
0 How strongly does the characteristicsu(j,L,y) depend
on ¥? In [1], Sij&i¢ and Ebert(SE) calculated the whole
Townsend-to-glow regime numerically and derived, by ex-
Jo= ~neweE, Ji=n,uE. 3) 9 9 y and d y

panding systematically in powers of curreptabout the
Townsend limit, that

Impact ionization in the bulk of the discharge is given by the . .

Townsend approximation u=ur—Agej2+0(j 3, (8)
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FIG. 1. The ratioAgg/ Agg Of the small current expansions by 0.02F
Sijati¢ and Ebert and by von Engel and Raizer as a functioty.of

— ET a’ F(’)/,/.L) (9)
SET 2 (a&p?®’ -0.02
10

a(&p) = e e (10

_ ] ] _ FIG. 2. The normalized coefficierA=24 Agg/(L3In*L) as a
which gave an excellent fit to the numerical solutions. Hereunction of y for gap lengthd. =Apd=15, 30, 60, 120, 24(dashed

L3 and solid lines with labe)s
Flyw =3+ L +m2-L,-2e"-Le")
-2L -L)\2 Er o’ = 1-2%; = In(LL,) -2
+(1+M)2<1—§ v_(l—|_e 7) >, 2a 251_ 2 :

(14)

Y . .
In [2,3], another small current expansion was derived from

+ (1)—(3), assuming, > n, andn,(x) = const. This approxima-
L,=In—=, (11) tion was criticized in1], since it is in contradiction with the

Y boundary condition5); however, for very smally, it is a
good approximation in a large part of the gap. The resulting
equationg8.8) and(8.10) from [2] read in the notation of the
present paper

and&; anduy are field and potential in the Townsend limit of
“vanishing” current, i.e., with breakdown values

1 L
Er= , Ur= . (12) ~ Url-28[J)\?
In(L/L,) In(L/L,) U=Uy 48 25, <JL> , (15
The minimal potentiali; is L,/el, it is attained for gap length
L=L,e' on the Paschen curug=ur(L) [1-3]. o U2
In [1], it was argued that the coefficieigg in (8) J=——T (16)

3
strongly depends oty due to the factoF(y,w) in (9). This 2d

factor F(y,u) indeed strongly depends op for small ¥y (Here, a misprint in2] was corrected, namely, the missing

actually in leading order likd3/12. (Note that there is a factor Uy in the coefficient ofJ? in (15), is now included.

discrepancy between equatiéB0) in [1] for F(y,x) which  Furthermore, the factor 187) in (8.8) is substituted by,/2

is reproduced as E@11) in the present paper, and the plot in jn (16), since we here write the Poisson equaii@nin MKS

Fig. 1 of [1] for 107 < y<10°. Equation(50) in [1] is cor-  ynits rather than in Gaussian units; (3.6) in [2].)

rect and the figure erroneous(y, u) actually varies by five In (15), the physical current densityis compared taJ, .

orders of magnitude on 18< y<10°, not only by four) J_ is the current density at which deviations from the
At this point, the question of how the remaining factors in Townsend limit through space charges start to occur; it ex-

Ase depend ony was omitted. In fact, the denominator plicitly depends ony throughUs (12).

(a€p)? in (8) has in leading order the same strong depen- Comparison of the results of i and Ebert8) and of

dence ony, since von Engel and RaizefER) (15 show that the coefficients
1 L 3 Aseer in the expansiorg8) are related as
=| —In(L/L , 13
(agT)S |:Ly ( '}’):| ( ) A=A 12 F(')’a/u) _ 1_25T L3 (17)
SETTER 3 v TERT g 12¥

according to the Townsend breakdown criterigin=L,, cf. Y
(10)(12). Therefore, the leading order dependencd 9f  The coefficientsAsz and Acg depend in the same way dn
the coefficient ofj? in (8) is cancelled and replaced by a and they are essentially independenjuofor realistic values
dependence oh?, while the term witha” has the classical of u. Therefore, the raticAsg/ Acg depends only ony as
explicit form shown in Fig. 1. Fory— 0, the ratio tends to unity. For a

017401-2



BRIEF REPORTS PHYSICAL REVIEW EO0, 017401(2004

large range ofy values, the deviation is not too large, ap- conductivity and therefore the stability of a Townsend dis-
proaching a factor 0.44 fop=10"". charge in a short gap.

Figure 2 shows that the factdkse indeed strongly de-
pends ony for the givenL.
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