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1. Introduction

The appararce d the slf-organized stucture in plasna is of a rticular importance fom
the point of view of the gssible applications it edd provide not oy in technolog but also
in the funcament@ scientific research [1, 2]. In this paper,by a sef-organized stucture (S5)
we understana@ structue that breaks the apal-temporal gmmetry of the previous state
and of the external constiints. A SS inplasma behaves similaly to aliving cdl: it appears
under ertain exernal conditions; its existence is ensured indgnamical equilibrium
(chamacteized by a temporal rtythm) during of which the entropy prodwced as a
consequere of the dissipative processes ipetked outside the structure; it has a boupdar
through which it “feed$ with particlesand emrgy. Its dynamics is dwen by non-linea
processes in which theeactions (esitations, ioniations and de-excitations) plaan
important role. ASS cold be sen asself-confined structure The control d the stag¢ of such
a structure is peformed through theexternal paameers of it. Oneof these paameers is the
electic field. In this paper wenvestgate the influence of aadio-frequemy field (rf-field)
upon a SS.

2. Experimental results

The exyerimental device s presergd in Fig.1. It mainly conssts of a rf-plsma soure
(RFPS) and algss tubdGT) (5 cm inner diamet, 30 cm lenth) se@rated from RFPS ly
the grids G1 an@2 (02 mm stainless steel ver25 meshesan cm?). Inside he REPS we
obtain plasma Y a rf-glow disctarge which is producedusing arf-generatar (RFG1)
working at 13.5MHzand60W. We worked in agon at a pressa range of (102 + 10%)Torr.
The ymmetrical output of it is conneted to two electro@s inside theRFPS. This one is
made ofhardaluminium and is @nnectedto the ground throwgh a 0.1 F capacitor with
respect to thefisignal. Thoudh arf-glow disclarge can e prodiwced wih outer electrods,
this solution assures a betteresamirg of the janming rf-signal. Thegrid G1 is directy
conneced b the RFPS, while the gid G2, whth is placed 1cnapartfrom G1, i connectd
to the gound via a 1K resistor B. The plama from the RPS diffuses througthe two
grids into the GT forming here a relative homaeneous plasma column

(n, 10°cm®; T, 1.2eV). The voltag delivered by the PVS2 controls the dectron

densiy of the plasma difisingfrom the RIPS irto GT throgh thegrids G1 and G2. This
column is subpced b the ebkctic field produced ly the vokage (delivered by the
programmablevoltage supply PVS1) between the positive} biased electrode P (4.5cm
diameter) andthe gid G2 (the dstance betreenP and G2 is 23 ¢n). This voltaye is in the
range o (0-145V. A second rfgeneator (RFG2) (Fig.2) working at 80MHz is coupled to
two ring-electrodes E1 ad E2 phced oudide e GT in the regon where lhe SS appears. For
a stabilizd anodicvoltage U, (between150 and 450V) we could choosethe vale of the
anodic curent I, by adjusting Ug,, in the casethat the equvalent impedane of the SS
remans nstant. In thisway we can control the powe ddivered by this generator in thefr-



field in therange (0.5 + 10)W. Voltages prortional tol, (the aveiage cumrent flowing
through theplasma column) and |1, areavaiable to be recoded ona XY-recorde (notshown
in Fg.1).

RFPS G1 G2 i P Fig.1: The expeninentl device
Reet ] | (ss) RFG1(2) = rf-generabrs, RFPS = rf-
o.sn]“ GT “[ J“ plasma sourceGGT =glass tubeG1, G2
gasinlet Ch = grids, GT = glass tbe P = plane
RY] 01z RFG3 elecrode, E1, E2 =ring electrodes DP
1 — = axially movable double probe,
PV R, oL PVS1@) = programmable voltage
_ULlK supply, Ch = rf-choke, SS = sdf-
- L organized structure, R= (0+20)k .
ouT Fig.2: The layout of theesond rf-gerrator.
LZ[M&] L T1, T2=double tetrodeQQEOQ3/20(or + 29),
ch ﬂjﬁ“— Ch = rf-choke
f” /fév Ug2 .
sorel}—_ The secondf-genestor operates in elss Band br a
Vag AN - constant anodiwoltage U, the powerP;; ddivered to
L Ch the rf-field is proportionkto the anodic cuentl,:
T2
. o P, —U, I, 1
10n£ 10nF ' 4 ( )
Dependig on the working pressue in the mBnge
f 10nE £ specified above, it is possible, B adjusting the
12K 70 K positive voltage applied on P, to obtan aSS in font

of P lookinglike in Fig.3. Once theSS is formd, a
further increase of the voltage on P déemines the
modification of the sig and position of the SS relae to P. Usuall the SSpulsates andjs a
consequere, the carenti, (collected ly P) has anoscillatingcomponent.

Fig.3: Photo of theplasma column iwhich a S is

SS formed: In front of P anthier SS begins to form dris
- connectedto the alr@ady formed SS throhg a

channel.

< towards RFPS double probe /

In the absewce d the rf-field the SS does notform for U, in the inge (10+37)V. In this
range of voltages the aplication of the f-field determines the ormation of the SS dr a
ceriain value of the arodic currentl,. For higher voltages the SS forms independentf the
rf-field. The presace d the rf-field prodices dianges m the dynamics of the S5, a fact
visible in the osgllation patern of thecurrent i, and of the light emitted from insideof the
SS. We have investigatkthe depenena of both the aveage curentl, and theintensity of
thelight I, emitted from a cross-sgon of the SS versus the anodic ewmtrl, for different
voltages U, (Fig.4 a,b). The anodi voltage in the point of opration of the ®cond rf-
generator was U, = 200V and theanodiccurent was modifiedin therange (2+25)mAin a
closed gcle. The diagram in Fig.4 putin evidence the appeaance d a hysteress whosearea
decresesas he volage U, increases, écomng zero for voltages greaer than 85V.The
jumps correspond to dstically charges in the dyamics of tre SS. Wen a SS is formed



(the region A in the cuve corespondingo U, = 40V) the current osdllates with arelative
low frequery in the range (1+20)KHz depenthg on the voltge U, As the curent |,
increases the osdllation frequency also inaeases while the osdllation anplitude decreases.

Fig4a The dpendewge |, = Iy(la) with U, as
parameter.The arrows mdicate the moving diréion
on the curve for an increasing and a decreasing of
the anodic current { in a compéte cycle. The curve
corresponding to =40V is analyzed.
Fig.4b: Comparison between the curvgsd [y(la)
and L = I.(Iy). The curves exhit similar
charaderistics. Thg present jumps for the ame
values of the anodic crent and the hysteresiedps
behave similarly.
The curent and he light
have the same osallation
frequerty (Fig.5a). This
happens until thefirst jJump
takes plae (region B in the
sane cune). After the jump
(C) they have different
paterns ad  osdllation
frequerties (Fig.5b).
a) b)

A further increa® o |, determine an increasing of the ocillation frequencies of bothi, and
light while the amplitude diminishes. On thereturning branch (the regon beween C and D
in the analyzed curve), thedamping of the osdllation of the current i, decreass until about
zero when anotherjump (region D) takes place. The osallating patems become similar to
those correspondinto the region A, thowgh the osillating frequenaogs ae slightly different.

Fig.5: Ostillation patterns of |, and
of thelight intensity emitted from a
cross-section in themiddle of the
SS, corresponding to different
regions: g regionA, b) regionC

a) b)
3. Theoretical considerations

From the pont of view of an a. c. ctuit, the S5 exhibits (like ary other space drge
structure) aconplex impedane Z = R+iX. Theresistive parR of Z contains not oyl the
effect of the dissipativgprocesses on theynamics of the SSut alsothe effect of those
processesesponsible foa najative resistane behavior of the SS. Thefore, R could have
even negative vales. The readve pat X of Z results fom thoseprocesse thda determine
spacechage sepration creatirg so a doublelayer charecterized by an electric capaity C
and dso from thedynamics of the heavy patticles (ons, &cited aoms)tha are within the
SS, beingcharacterized by an inductane L. All the above pcesss ae based onaactions
like excitations, ionzations and de-enitations, a &ct also confmed ty Fig.4b. From Fg.4a



we @n obtain \@uable information conerning the component® and X of the SS. For
example from thesurve correspondig to U, = 40V we candedue that tie jump from egion
B to C is provoked yan increag of R from thevaue R= 105K to thevdue R = 154K .
During this jump thdotal impedance Z;,;, seen bythe rf-gererator,haschanged fom Zy; =
22K to Ziox = 24K . The total impedances iexpressed versuZ and the equivalent
impedanceof the couplng circuit (L, electodesEl, E2).To describe the SS we needa set
of equations that must contain the condition of sej&oization. Following [3] we consider
the GlansdorfPrigogine universal evolution rterion (UEC) as the andition for self-
organiztion. Takinginto account ractions (clracterized by reaction funcionsR; . stands
for the paticle speies andr for the r-th reaction) in a BK model, the gstem of equations
reads:
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Where:n_andq. are the paticle densities and theircharges, nq /I, Q, isthe

control parametetaking into account thexternal electric field with the two components:
one due toJ, and he other due ¢ rf-field, D are he difusing coefficients, C . are he
conductivities and must be positive definité, repreent the internal energy changed by
particles durig thereactions and could bealculaed following indications from f], Nis the
resultingpotential. Tle reaction term® ; areexpressed in fuction of readion rates confom

to the B5K model. The tnknowns aren ,C and N C. > 0 isaconseqence of he UECand
put in evzidence the nessity of a negative resistance behavior of the SS. As will esult from
the above ystem ofequations, theR component(expressed in terms o€ ) of Z will be a
function of the plasma pametersand of , i. e. d U, and he rf-field.
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