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Dust-acoustic wave instabilities in collisional plasmas
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Current-driven dust-acoustic wave instabilities in a collisional plasma with variable-charge dusts are studied.
The effects of electron and ion capture by the dust grains, the ion drag force, as well as dissipative mechanisms
leading to changes in the particle numbers and momenta, are taken into account. Conditions for the instability
are obtained and discussed for both weak and strong ion drag. It is shown that the threshold external electric
field driving the current is relatively large in dusty plasmas because of the large dissipation rates induced by the
dusts. The current-driven instability may be associated with dust cloud filamentation at the initial stages of void
formation in dusty RF discharge experiments.

PACS numbeis): 52.25.Zb, 52.35.Mw, 52.40.Hf, 52.50.Gj

[. INTRODUCTION plasma particle capture/release by the dusts as well as ion
drag on the development of the current-driven instability at
Collective phenomena in dusty plasmas are the subject dhe dust-acoustic time scale. Relevance of our results to void
growing interest because dust particulates or impurities ofteformation, dust cloud filamentation, and instabilities in dusty
appeaf1,2] in the plasma processing chambers for manufacRF discharges is discussed.
turing semiconductor parts. Such particles either grow natu- The paper is organized as follows: In Sec. Il the problem
rally in or are externally introduced into the discharge. DustiS formulated and the basic set of equations is given. In Sec.
grains are also observed in many space environments, sutt the dispersion relation describing the dust-acoustic insta-
as interstellar clouds, planetary rings, cometary tails,[8fc.  bility in an external dc electric field is derived. In Sec. IV,
Dusty plasmas are affected by external dc electric fieldsthe real and imaginary parts of the frequency are obtained. In
such as that in the sheath/presheath regions, or that additiof€cs. V and VI we analyze the instability conditions in the
ally introduced for electrode biasing, ion extraction, etc. Inlimit of weak and strong ion drag. Our results and their rel-
such cases the occurrence of directed plasma flows is uvance to the dust void experiments are discussed in Secs.
avoidable. The latter can give rise to current-driven instabili-VIl and VIII.
ties that develop at the dust-acousfit—6] or dust-ion-
acoustic[6,7] tim(_e scales. _ Il FORMULATION
Electron and ion capture/release by the dust grains, usu-
ally occurring at the same time scale as that of dust charge Consider a three-component plasma in an external dc

variation, can strongly affect collective processes in dustylectric fieldEx. The massive dust grains, containing a sig-
plasmas. A realistic description of plasma particle balancejficant proportion of the plasma’s negative charge, are
thus requires a self-consistent accounting of the particle crareated as a charged fluid with varying average charge. The
ation and loss mechanisms such as direct and step-wise ioBxternal dc electric field causes the electrons and dusts to
ization, ambipolar diffusion, volume recombination, etc.,drift with different velocities in a direction opposite to the

which can also occur at the same time scale in many plasons. The dynamics of the particles is described by the fluid
mas. These processes are especially important for maintaigontinuity and momentum equations

ing the stationary state of the systd®9]. It has recently

been showrj10] that particle creation and loss, as well as g d(ngwe) B

dust-induced momentum loss of the electrons and ions, can — = — Voot S, (1)
affect the dust-ion-acoustic instability. ot IX

On the dust-acoustic time scale, the effects mentioned can
affect the dispersion properties of the dust-acoustic waves o Te dng e

[11-14. The low-frequency dust acoustic waves were found Vg Ue™ —=—-—E, (2

to be unstablg¢17,18. It has also been demonstrated that ion NeMe X Me

drag on the dust grains is important for the instability and

can lead to the formation of regions void of dusts in the an;  d(n;

plasma[18,22—24. In this paper, we consider the effects of ot T T T VNS, ©)
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g g Tqg ng perturbation of the average charge, andn; are the varia-
W’LUdW’L VanUd T NgMg (9_X+f“drag(vd_vi) tions of the electron and ion densities, respectively, a§id
. =w,23ia77\/277VTi is the dust charging rate, whefE=(T,
— ieE, (5) +T)/ T+ (ng(P'éh’ (pﬁ':Zdoe/a- SDéh: Tele, Vi
My =(T;/m,)¥? is the ion thermal velocitya is the average
radius of the dust particle,y is the plasma Debye radius,
ﬁ+ d(Ngv q) ~0 ©6) wp; is the ion plasma frequency, and the subscript O denotes
at X ' steady-state, or zeroth-order, quantities. Since the external

) S ) ] electric field leads to a steady ion flawy,=eEy/m; vieff, the
whereE is the total electric field in the plasma including the temperaturd; in Eq. (9) involves both random and directed
steady-state (zero-order field Eg;, and mg, Mi, My, motion, and is approximately given bj20,21 T,~T,

Ni, Ne, Ng, Vi, Ve, vg are the masses, densities, fluid 4 2 5\ hereT,, is the temperature representing thermal
v_elocmes of the plasma electrons, lons, and dusts, reSPe&otion. Equation(9) then covers both the thermal- and
tively, T, T;, andTy are the electron, ion, and dust tem- monoenergetic-ion limits often invoked in the literature on
peratures, andq and 4 are the rates of capture of elec- ,ohe theorie§19,20. For the electrons, the thermal energy
trons and ions by the dust grains. We assume the dust t0 B€ ¢k |arger than the directed energy associated with the
cold, valid for Ty<T,,T;. In Eq. (5) the term ug.duvq steady electron flow .= —eEq/m.v" due to the external
—v;) corresponds to the ion drag fogce acting on dust parie|q 5o that the effect of the latter in the electron charging
ticles. We have define$=vj,;ne— png, where vy, is the equation can be ignored.
ionization rate, ang is the coefficient of volume recombi- Fyrthermore, for the charging collision frequency we have
nation. (see, e.g., Ref25])

For the effective electron collision frequency, we have
VM=ot vei+ 12+ 1", where v, is the electron-neutral w3 Mo ao Yo
collision frequencype; is the frequency of electron-ion col- e =5 Vi n—eo T/ Tota “Vd T (10
lisions, Vg' is the frequency of the elastic electron-dust Cou-
lomb collisions, and$" is the effective frequency of charg- where a=T7-1, y=(ZgoNgo/Neo) o 05, and =4+ 5/
ing collisions (due to collection of plasma particles by the o', The rate of electron and ion capture by the grain is given
dusts. For the ion component we have the analogous relapy
tion v¥"= v, + vio + v+ ™", wherew,, is the frequency of
ion-neutral collisions,v;, is the rate of ion-electron colli- Nig QY
sions, respectively,®' is the frequency of the elastic ion-dust Ved™pp , Mid ™ Vd o
Coulomb collisions, and‘" is from the collection of ions by
the dust grains. We note that both the elastic and chargingnd the rates of elastic electron- and ion-dust Coulomb col-
collisions affect the momentum of the light particles. Addi- lisions are
tional terms affecting the plasma particle densities, such as
step-wise ionization, ambipolar, or anomalous diffusion, etc., o o TiMNio ed\ 2 h@YA g
can be added to the right-hand sides of E@sand(3). The Ve=Viag [ O&XR /=3 Vd 7 &XH )
charge neutrality conditiom; =ny+Z4ny, WhereZ, is the e e Pe Pe
magnitude of the negative dust charge, completes the basic
set of equations. where A=In(rp/a) is the Coulomb logarithm and<rp,.

For the dust charging, we adopt the results from the well-rpg gjectron- and ion-neutral collision frequencies agg

known electrostatic probe theof$9—21]. The fluctuation of =N v —N.oV- whereN. is the neutral das
the average dust charge is then described by the charge by nen¥Te: Fin=RnTin i ! J

ance equation

(11)

Iénsity,oen and o;, are the electrorjion)-neutral collision
cross sectionsyq, is electron thermal sped@6]. The ex-
~ ~ pressions for the electron-ion and ion-electron collision fre-

aq q n n . e EIs
ﬁ+vdﬁ+ 1304= — el — + 11| — (7)  Quencies are given in Refl9]. _
ot 2 Neo Nio In Eq. (5) there are two dissipative terms which affect the
dust dynamics, namel , Where
where Y Yanld
" 2
leo= — mae(8Te/mme) " ngpexp(eA gy Te),  (8) van~ 4MaNya™Vrn/my
and is the frequency of dust-neutral collisions whearg, N,
andVy, are mass, density, and thermal velocity of the neu-
lio=ma?e(8T;/mm) nio(1—eA gy /T)) (9)  trals, respectively. The other dissipative term ig§.{vq
—v;), where
are the steady-state electron and ion currents at the dust sur- )
face, quo=CA¢q is the stationary dust charg&=a(1l Micjrag~4min0ib2VS/mdr

+alrp) is the effective grain capacitanc&py= ¢4— ¢q is
the steady-state potential difference between the grain angd the ion drag Coefﬁcienbwa\/;(l—AQDg/Ti) is the ion-
the adjacent plasmagp, is the floating potentialgy is the  collection impact parameté1], andVs is the ion-acoustic
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velocity. Equationg1)—(7) together with the charge neutral- 2 2
. . ) Wpe ed W NegVed
ity condition describe the dusty plasma system. — |+ 1+
eff ch eff ch
NeVe Vg Vi NioVq
Ill. DISPERSION RELATION . .
4 | wgd 1 Qi0+ | Vid
In the steady state, we havey= (vion— veq)/p andnjg Q.10 ; i - A |
qilingi . : +i(vgnt 7
= (veg/ vig)Neo for the equilibrium electron and ion densi- aol a0+ 1(Van™ arag | '
ties, and (18

where we have definedQqy =04~ ke, Qig=Qq0
—k’ﬂi , l(}e:er_Udo, andﬁi:l)io_vdo.

In the limiting case of negligible dust-specific electron
. . . . and ion dissipation(by formally settingv‘(ﬁf’fe)av(i,e)n and
for the st(f':fltlonairy dust drift velqcny. XVe have defingd V(i.ea—0), dust-charge variations/{"—0), as well as ion
=ZgoMi v Mgyitgrag- NOte that sincev(i > (ven,vin) the  grag force (urag—0), the dispersion relatiofi8) is reduced
magnitudes of the electron and ion drift velocities are lowery (7 of Ref. [4].
than that under the constant charge approxima#gnThe
second term in Eq(13) is responsible for the pushing of the
dust particles in a direction opposite to the electric force
acting on the negatively charged dusts. Thus, if the ion drag The dispersion relatiofil8) can be analyzed numerically
is weak, the dusts drift in the negatixedirection, and if the  for any set of physical parameters. However, analytical so-
ion drag is sufficiently strong, they drift in the opposite di- lutions can be obtained in the case when the equilibrium
rection. In particular, ifA>1, the negatively charged dust density of the ions much exceeds that of the electrang (
particles drift in the same direction as the plasma electrons>n.). This may happen at the initial stage of the filamen-
Otherwise the dusts and electrons drift in the opposite direciary mode, when the charge denstty,n, of the dusts con-
tions. A combination of strong ion drag and the ionizationstitutes a significant proportion of total plasma negative
instability has been invoked as a possible cause of voids igharge density.

Zoe Eo(1—1/4)

md( Vdant /-L:jrag)

Vdo= (13

IV. FREQUENCY OF THE UNSTABLE MODE

dusty RF dischargeld 8,23,24.

Letting Q4= Q;+iQy and separating the real and imagi-

We linearize Eqs(1)—(7) and assume that the perturbed nary parts of Eq(18), we obtain

guantities depend ow andt like exdi(kx—wt)]. We then
obtain for the electron density perturbation
F'e: - kneOeE nemeygﬁa (14

where 7e=Qeo+i(vion— veqt k2V2J 1M, and Q=
—kv . For the ion density perturbation, we have
ni=knoe B mmipf", (15

wheren;=Qio+i(vig+k?V2/ ™M, Qo= w—kvo. For the
perturbed dust density, we have

= i kngoe Zyo
d_ - R N
MgQaol Qo+ (Vant Marag)]
~ Qi0+ | Vid Zd :|
XlEll-—— —1, 16
mA | Fozy, (10
whereQ o= w—Kuv 4.
From Egs.(7), (14), and(15) we obtain
S k||eO|’E Me Me ngf 1
= of —n | 1t | (A7)
NeMeve (Qgot+ivg) L%

for the variation of dust charge. The expressions for the flui
velocities of the plasma particles can be derived from Eqs

(2), (4), and(5).

Together with the quasineutrality conditiom;=n,
+NgoZg+ ZgoNg, the expressionld)—(17) lead to the dis-
persion relation

Kw:
-k

d

" /Jdldrag@
Vdn Qé

n_ _ Vdn

i=— | 1+8 (19

for the imaginary part of the frequency in a dust frame. We
have defined5=2Z4m, v?ﬁ/mdvdn. One can see from Eq.
(19 that there is no instability ik9;<Q/. If, however, the
relative ion-to-dust drift in the external electric field is such
that 9;>Q//k, instability of the dust-acoustic waves be-
comes possible. The conditions for the instability will be
discussed in detail below. The corresponding real f4rof

the frequency is given by

91,12: Qg(ﬂg+ Vdn) — /-leragVid

m;,Z
90 WO+ BT K2V2),  (20)
and near marginal stability(};;=~0) we can write
" /.Li 1/2
Q=Qfo| 1+ ——9(A-1)| |, (2D)
Qo)

where Qo= (Zqom; /mg) Y% Vy; is the corresponding fre-
quency of the dust-acoustic waves in low-collisional plasmas
11]. If the effects of ion capture/release by the dusts can be
eglected(which is formally achieved by equatingy to
zerg, (1 coincides withQ) .

The condition for the instability strongly depends on the
direction of the stationary dust drift in the external electric
field (13). As already mentioned, we see that the dust grains
drift in the direction of the electric forcépposite to the ion
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drift) when the inequalityd>1 is satisfied. This means that the electric force and pushes dust particles in the direction of
the effect of the steady electric force on the dusts overcome#e ion drift (v40>0 andv;o>0). Here, the frequency of the
that of the ion drag force. If the opposite inequality holds, theunstable modes in a dust frarflE;= w —kuv 4o can be either
dust grains are pushed by the ion drag force and move in theositive or negative. Since the ions and dusts drift in the
same direction with the ions. Note that the inequality variessame direction, the relative ion-to-dust drift is smaller than in
continuously with growing dust graingl8]. It is possible the weak ion drag case. For the magnitude of the relative
that A>1 is satisfied for initially small grains, and when the ion-to-dust drift we can write

grains becoming sufficiently large the condition becomes

eventually violated. We shall therefore consider these cases ek Midrag
separately. Y=—7mn! 1- —|A-1]
m; vi Vdnt Mdrag
V. WEAK ION DRAG so that it remains positive, since the absolute value of the

. > PO , .
First, we consider the situation when the electric forcedust drift velocity i uqrd (vant sarag times smaller than

acting on the dusts is dominant, that is, whém 1. It can be ~ that of the ion drift. _ _ .
shown that9; must exceed the threshold value Unstable solutions can be obtained only if the dust drift

velocity exceeds the phase velocity of the dust acoustic

gthres Qé<1 +1)(1 1)1 waves ¢ o> w/k), and 9;> 91", where
i oL = -
‘ ¢ 4 thresh |Qé| 1 1 -t
izati instabili L B e (24)
for the realization of the instability. K B A

From Eq.(21) it follows that the real part of the frequency
in the frame moving with the drifting dusts is larger than theand we note that in this cage,<0.
frequency();, of dust-acoustic waves in ideal plasmas. Note An interesting feature in this case i§ that the absolute
that in this case 4<0, andQ;>0, and the relative ion-to- value of the real part of the frequenc®1) is less than g,
dust drift is always positived;>0) since the ions and dusts and it decreases with increasing ion drag force. This means

drift in the opposite directions. that the real part of the frequency can vanish, providing the
When A>1, the expression for the threshold ion-to dust€Xistence of non-oscillating solutions. From H&1) one
drift can be approximated as sees that in the case of strong ion drag oscillating solutions
can exist only if the inequality
1/2 271/2
thresh_ Vd”( My Vid KVri eff
Mmi = (1+B)| —+ 1| vigy;
! k mizdo ieﬁ V?ﬁ - Id—l (25)
Alevg

and further simplifications can be obtained for large or small

(compared with Unit)/(Vfﬁ/Vdn)(miZdo/md)- In the same IS satisfied. This in_equality can_pe violated f(_)r Iong_—
limiting case, from Eq(19) we obtain that the external elec- wavelength perturbations and sufficiently strong ion colli-
tric field must exceed the threshold sions. In this case realization of aperiodic instabifitggth no

real part of the frequengys possible. A similar situation has

m Q) Midra -1 been reported for the ionization instability of long-
Elfresic ?vfﬁT(HB) B— V—g) (220 wavelength dust acoustic waves affected by strong ion drag
dn [22].

to achieve the dust-acoustic instability, whe®, can be
approximated by Eq21). VII. APPLICATION

We can compare the threshold values of the external elec- ‘o I .
P hresl) Examining the conditions for the current-driven dust-

tric field in the present CaSEngesfk) and in the casedg acoustic instability, one can see that the terms in @§)
when the effects of ion collection by the dusts as well a3gading to the instability are proportional to the effective
ion-dust Coulomb and charging collisions are neglectedsrequency ofion collisions. This means that ion collisions
Namely, have a destabilizing effect on the dust acoustic waves.
Electron-neutral collisions in a dust-free plasma lead to re-
Edvesh 1+ 0817 40m; /vgnmg e sistive ion-acoustic instabilitj27] in a similar manner. It is
gBhreshN 1+ vinZgoMm; / vgnMg 1+ kZV%’ (23 important to note that competition 'between the electrostatic
and ion drag forces on dust particles strongly affects the

which shows that the instability threshold is higher here. Theéfonditions for the instability. The ratio of these forcesAs

expression(23) can be simplified for small and largg \lgvehllc():vr\]/ iﬁ?s ?Stigrr?:;e; cr);tlheesrsbtrgz?j lrJ;ri\tg}]lé In fact, as shown

The conditions for the instability strongly depend on the
value of B. If it is small compared with unity but still large

We now consider the situation when the ion drag forcecompared withwg.d vqn, then the relative ion-to-dust drift
acting on the dust particles is stronger than the external eleshould be large such thé"®s™~ 0 //kB>Q//k. In this case
tric force, or.A<1. In this case the ion drag force overcomeswe face the situation that the destabilizing effect of ion col-

VI. STRONG ION DRAG
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lisions is small, but the effect of the ion drag is even smaller[24]. Furthermore, near the filamentation threshold, assum-
If the opposite inequality3>1, holds, d; should simply ing a~0.13um we obtain for the dust masmg~9.2
exceed)/k, as is the case for the constant dust charge cas¥ 10™*°g. From the condition of the equality of the equilib-
[4]. This conclusion is expected since ion drag then becomedum electron and ion grain currents we obtdig~ 250. For
unimportant. ng~1®cm 2 and T,~0.1 T;, we obtain vg,~1.31
Assuming the typical valuesZyy~10°—10f, m;/my X 10°s™! for the dust-neutral 'co'llision'frequency. The Iatter_
~10 13_10° 12 VieffN 1057y, n~1F-1Fcm 3, N, exceeds that of the characteristic oscillations associated with

~1083-10%cm 3, a~1-5um, andT./T,~T,/T,~ 10, we plasma striation at the initial stage of the instabilifyg].

found that the parameted can be in the range 16-2.5 d Th;are IS af:‘.alrrllydIargedunctertalr;ty |nt(:]etgrm|n|rt19 the |ort1
x 10%. For plasmas with an ionization degree of the order, rag force, which depends strongly on the impact parameter
e . .~ 'b for ion collection in the ion drag coefficient. Assuming a
10"", and similar values of the other parameters the r8tio | | potential differencel o, ~3 eV, andT,~0.15 eV, for
g g H ] . ]l

in the expressions for the thresholds of the ion-to-dust drift, i, drag coefficient we haye,,~1.65< 10°s * so that
_ rag -

and the electric field is approximately 400 times less i

o ; ~1.26. For argon gas and 130 nm dusts the key
han th . h h loyf-drad Van
than the one above. One expects that situations with lo arameters areZ om /my=1.95<10~°. B=0.015, andA

values off3 are more typical in experiments with micron size . ) .
B yp P =0.01, respectively. This means that the effect of the ion

particles, and the valug; should be much larger thai/k. drag on the current-driven dust-acoustic instability can really

en tU;I;I(gstl’;?]gagﬁgetetesl’so?ftﬁélsdtbnsg[ eé?fp&?.qgmmﬁ'gﬁ&v be important for the development of the filamentary mode in
9 P dust void experimentgl8].

that both cases considered in Secs. V and VI are possible. Furthermore, the inequalit25) can be violated and ape-
The strong ion drag case will be discussed in more detail %Rodic instabilities can arise. Similar results have been re-

it is related to the dust-void experimentss]. . Lo T - .
For conditions representativg of th(ra[ egperiments in Re](Sported earlier for the ionization instability affected by ion

[4], [14], and [15], namely m; /m,~51 600, m; /my~4.7 drag[22]. This is consistent with the observed sudden onset
’ ’ ’ i ™ ’ i d— -

al _ & f the instability[18].
X101 no~100cm3  »,~88x10's L, N,~3 ° aolityl ol o . .
> 1ol5cm_3, Te~3 eV' Ti~0.1eV, Tn~00125 eV, anda In our |nVESt|gat|0n the ionization terms in the partlcle

. i bal i lectron density d dent. We h
~5 um, we obtaind~ 10?. Therefore, the effect of ion drag glance equations are electron density dependen € have

. i also accounted for the variation of the ionization rate with
can be neglected and the instability seems to follow the sce- . .
nario given in Sec. V. Similar conclusion on the unimpor-ne’ and fluctuations in the temperature have been neglected.

gﬂis is consistent with the statement that the enhanced ion-
I

tance of ion drag in the above case has been made hy "> ) . X
D'Angelo and Merlino[4]. On the other hand, one also ob- ation rate can be attributed to a higher electron density

tains B~10-1. Thus. . must exceed 10//k for the dust- rather thanT, in the initial perturbatio18]. Accounting for
acoustic wave insta,bililty to be realized. the variations of the ionization cross-section wighwould
Now we turn our attention to the dust-void experimentshave lead us to a similar ionization instability considered by
[18]. We have assumed that the electric field is externally?Angelo [22]. _ B _
applied and homogeneous. Clearly, from the Poisson equa- The sudden onset of the instability can be understood if
tion it follows that electric fields sufficiently strong for the We note that the threshold value of the electric field, which
development of the instability can be generated because §@n €asily be derived from Eq24), appears to scale like

charge fluctuations in the pristine dusty plasmas. Namely, foEg >~ 1/a. This means that for small dust grains the insta-
Neo~ 101°=1012cm 3, M. /ng~10"3-10"% and character- bility threshold cannot be reached. When the grains grow in

istic filament size L~1cm, an electric field E, size, the threshold is greatly decreased and instability onset

~1.5-150V/cm can be generated. Measurements near ﬂpéacomes possiblg29].
instability threshold showeff,~ 20 V/cm[18].

An important feature of the experiment of REE8] is the VIIl. DISCUSSION
relatively high operating gas pressu#00 mTor), provid- o
ing a large neutral gas density,~ 1.4x 10'®cm™3. For such In the above we have assumeg> ne, for estimating the

an operating regime the assumption of the volume recombinstability growth rate(19). It should be noted however that
nation controlled regime would seem to be valgs]. For  dust void formation is a dynamical process in which the dust
lower operating gas pressures the diffusion terms in particl@articles are pushed out of regions where the initial fluctua-
balance Eqs(1) and (3) should be taken into account. The tions of the electric field appear. This can lead to an increase
~10’s ! of ion-neutral collisions in argon atp, ally be violated.

— 400 mTorr. This rate appears larger than the frequencies of We have also assumed that the neutral background is sta-
ion-dust Coulomb ¢&) and charging ¢ collisions. For tionary in the steady state and is not perturbed in the initial
I I :

E.~20V/em. T.~3eV. andT.~0.05T. . the characteris- Stage of the instability. Perturbation of the neutral density
tic(:) ion drift vélogity iSv-;~4 4 104.cm/§' For this value of OCCUrs because of ionization and recombination. However,
o~ 4. .

vip and the spatial scale-1cm of the filamentation, the these perturbations are of the orderqf and their relative
nonlinear termv;dv;/dx in Eq. (4) is ignorable. However, effect, characterized by the rathd,/N,o~ng/No, is small

this is valid only at the initial stage of the instability. At later sincen,,<N,,. The neutrals affect the motion of the dusts
stages the nonlinear term can be crucial in determining selfeecause of neutral drag. The latter can easily be incorporated
organized nonlinear dissipative structures of the dust voidnto the basic equation®5].
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In our study, a simple expressigh~e/m;»¢" for the ion  using Eq.(6) describing conservation of the dust particles. In
mobility was used. The latter relates the ion drift velogity ~ cases whenygmg~n;m;, a corresponding source responsible
to the external electric fiel&,. If the electric field is strong, for the conservation of total dust and ion mass density should
the ion mobility can become a nonlinear function Bf, = be added[32]. Such a situation can occur, e.g., in dusty
tending toB;~ \E, for Eq/po> ko, Wherepy, is the operat-  interstellar cloudg$33].
ing gas pressure, ang, depends on the type of the operating
gas[30]. In this case, our results will be somewhat modified. IX. CONCLUSION

It is worth emphasizing that for the cases considered in
Secs. V and VI the relative ion-to-dust drift is always posi-
tive (9;>0). It can be much larger in the small drag case
when the ions and dusts drift in opposite directions. Thus
the current-driven instability is generally stronger in the
weak ion drag case for the same external electric field.

A theory of the current-driven dust-acoustic instability in

an external dc electric field is presented. Conditions for the
instability are discussed. Our self-consistent model accounts
for electron and ion capture/release by the dusts, dust-
enhanced Coulomb elastic and charging inelastic collisions,
. L as well as ionization-recombination balance of electrons and
In our model, which accounts for the ionization and re-j,n¢ 1t is found that the conditions for the instability are very

coml_)ination Processes, it is possible to self-co_nsist_ently Oledifferent for weak and strong ion drag. In general, the rela-
termine the equilibrium electron and ion densities in dustyy e jon_to-dust drift should exceed a threshold value for the
gas discharge plasmas. For self-consistency we consider t

h : : )
blasma as a thermodynamically open sysgt] and in- Ufhstable modes to be excited. For strong ion drag and long

luded th ticl i into the elect avelength perturbations, it appears possible to realize a
cluded the particie capturing processes into the electron a npropagating unstable mode. We have also shown that the
ion conservation equations. We have also shown that in th

: ) ) . fhreshold of the external electric field is larger for variable-
intermediate pressure regime a stationary state Of the_ plas "ﬁarge dusts compared to that for constant dust charge be-
cannot be achieved without accounting for the ionization an ause of the large dissipation rate induced by the dusts. The
volume recombination processes. Further improvements :

) . sults presented may be useful in explaining the nature of
the model can be made by. including other transport mecha[he filamentation instability, which takes place at the initial
nisms[28] typical for RF discharge plasmas and may takeStage of the formation of stable dust voids.
place on the same time scale as that of ionization and dust
charge relaxation. Since ionization, diffusion, and recombi-
nation are all density dependent, electrostatic phenomena in
the system can be strongly affected. Thus, the presence of K.N.O. thanks the Alexander von Humboldt Foundation
dusts can affect the entire discharge system through a modier financial support. S.V.V. was supported by the Australian
fication of the ionization-recombination-diffusion balance. Research Council. M.Y.Y. was supported by the Sonderfor-

It should also be mentioned that care should be taken ischungsbereich 191 Niedertemperatur Plasmen.
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