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Spatiotemporal filamentary patterns in a dc-driven planar gas discharge system
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In a dc-driven planar gas discharge system with a semiconductor electrode, the homogeneous stationary
discharge state can be destabilized in favor of current filaments. A filament consists of a succession of spatially
confined breakthroughs of the gas layer that repeatedly take place at approximately the same position. A
pulsating filament is thus slowly moving over the active area of the system. At fixed parameters, processes of
creation and quenching of filaments are observed, while their average spatial density depends on control
parameters. Depending on the density, filaments arrange in different configurations. At an intermediate value of
filament density, a pattern on a two-dimensional domain is found: it is a spatially anisotropic chain pattern that
is specified by two characteristic spatial scales. It is suggested that the observed phenomena are due to a
Hopf-Turing instability arising in the system.
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[. INTRODUCTION from the reference state to complicated spatiotemporal pat-
terns is observed, without the intermediate state of homoge-
Spatiotemporal self-organization of nonlinear dissipativeneous oscillation. Spatial patterns that are stationary in time
systems is a well-known phenomenfdn-3]. It has been in- have not been found in the parameter range considered in
vestigated in systems of different origins, such as chemicahis work. In this contribution, emerging spatiotemporal fila-
[4—6], biological[7,8], and physical systeni9,10. Among ments and their creation and disappearance processes are in-
the emerging patterns, one can distinguish between periodiestigated. Depending on the average number—which can
patterns like Turing stripe patterns and solitary objects, alsd&e influenced by the control parameters of the system—the
known as quasiparticlegl1,12. In cryogenic planar gas- filaments arrange in different spatial constellations. An in-
discharge systems with semiconductor electrode, both kindgestigation on a shorter time scalef the order ofus) re-
of patterns have been shown to eXi8-20. The solitary  yeals the underlying temporal characteristics of filament pat-
structures in the gas discharge are filaments of electric cukarns. Independent of the actual pattern that they form, the
rent. In some aspects, they behave like quasiparticles. Thejaments consist each of a series of short and spatially con-
can interact with each other and form “molecules” or larger fjneq breakthroughs. Due to the fact that the position of

clusterd 18]. While the filaments are able to move across theoreakthroughs just moves slowly, the filaments become vis-
gas discharge area, they carry a time-independent current. i1 on a large time scale of the order of 1 s

A qualitative description of pattern-forming processes can
be given in many cases by reaction-diffusion equations. The
solutions of such equations include Turing and Hopf patterns
and their mixed modes as well as solitary objects. This ap- Il. EXPERIMENTAL SETUP AND RESULTS
proach can also be applied to planar gas-discharge systemsThe experiments discussed in this work are carried out on

with a semiconductor electrod#3,21). The behavior of cur- 5 planar gas-discharge system with an active area of a maxi-

rent filaments in cryogenic gas-discharge systems agrees inrﬁ‘um diameter oD =30 mm (cf. Fig. 1). One of the elec-

gfflf'f)alﬂ]v(fi?igﬂe{eg'i;gﬁoﬂrgﬁfﬂﬁ Zf gtléarﬁ;partlcles tha{rodes is fabricated from semi-insulating gallium arsenide
P y ' with a thickness oBgas— 1.5 mm. The other electrode is a

In the present experimental work, a planar semiconductof etallic transparent indium tin oxidéTO) layer that covers
dc-driven gas-discharge system at room temperature has P . Y
glass plate. The discharge gap has a widtd60.5 mm

been used. In contrast to the cryogenic systems, the leadi o . . T
destabilization of the stationary homogeneous low currentdnd is filled with nitrogen. The pressupelies in the range
density (referencé state has been found to be the instability P&fween 40 and 60 hPa. The outer side of the semiconductor
that gives rise to a spatial homogeneous oscillg&s). This electrode is covgred by a th|n. gold contact, which is approxi-
oscillatory state can be destabilized through the appearanégately 40 nm thick. By applying a high voltagé, between

of a small number of oscillating current filaments, which the gold contact and the ITO layer, a discharge is ignited in
then coexist with their oscillating background. The discus-the gap. The global discharge curréns measured through
sion of such phenomena shall be given in a detailed mannéhe voltage drop at a small serial resisi®r=100(). The

in another paper. On the other hand, for the case of lowoltage drop at this resistojof the order of 100 mY is
conductivity of the semiconductor electrotgpically three  negligible with respect to the supply voltage. The transparent
times smaller than for the oscillatory case direct transition ITO electrode allows a visual observation of the discharge
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FIG. 1. Sketch of the experimental setup. The maximum diam- FIG. 2. A sequence of subsequent snapshots of the discharge
oter of. th.e discharge area is 30 mm, the Width of the gag is glow in the state of moving wavelike structures taken with a frame
=0.5 mm, and the thickness of the 'semiconductor electrode igepetition rate ofyep=25 H?' The exposure time of each snapshot
acaas= 1.5 mm. The gap is filled with nitrogen at a typical pressure'f (;esgz 40 ms; ggixefg,e 7r I?]Qe r;;a:l)f)lz]irzr::gter_se;grﬁESSS Vie
p in the range of 40-60 hPa. The semiconductor electrode is irra- [7Gans=0. ' P= '

diated by light with radiation flux density leads to a linearly growing current, indicating the Ohmic

behavior of the semiconductor electrode. The voltage at the
glow. The pictures of the discharge are recorded with eithegas gap is constant and independent of the discharge current
a conventional charge coupled device camera or a gategl the Townsend mode. This discharge mode can be destabi-
light-intensified camera, which allows short exposure timelized by a further increase in current that can be done by
Due to the internal photoeffect, the specific conductivity ofincreasing either the feeding voltage or the irradiation of the
the gallium arsenide electrode can be manipulated by irradissemiconductor electrode. The resulting patterns in the cur-
tion with light. This is possible because the gold contact orrent density that become visible in the distribution of the
the outer surface of the electrode is transparent with respedischarge glow are nonhomogeneous and nonstatid@&ty
to visible light, its transmission coefficient being about 10%.The nonstationarity is both spatial and temporal in nature.
When the light is absorbed by the material of the semiconWhile the spatial aspects are considered in the following
ductor electrode, electrons from the valence band are excitgoaragraphs, the discussion of the temporal aspects is given
into the conduction band. Hence, the specific conductivity ifurther below.
raised. The conductivity varies almost linearly with the in-  Just beyond the destabilization, a state organizes that is
tensity of the incoming light, which is used to irradiate theillustrated by the example given in Fig. 2. To demonstrate
semiconductor. In the following we will present data thatthe dynamical properties of this state, a sequence of subse-
depend on the normalized radiation flux in the visille  quent picturegtaken at a repetition ratg,,=25 Hz with an
When the gallium arsenide is not irradiated=0), its spe-  exposure timé,,,=40 mg is shown. At the point marked
cific conductivity is of the order of 3108 (Q cm)™ ! [23]. by P1 in Fig. 2a), a filament has appeared. In the course of
For the maximum irradiation used in the present experimenttime [Figs. 2b)—2(e)] it fades out, thereby retaining its cir-
(¢=1), a conductivity of 2.5 10 7 (2 cm) ! has been cular symmetry. In Fig. @), it is merely visible and a time
reached. When some parts of the semiconductor are irradstep later it has vanished completéhot shown herg The
ated and some are not, qualitatively different states of thaituation at the point marked witR2 in Fig. 2a) is some-
discharge can be realized, e.g., nonirradiated areas being irhaw different. There, a solitary structure that has appeared, is
low-current state accompanied by low emission of light fromalmost a semicircular stripe. In the course of time, this stripe
the discharge gap. The homogeneously excited domaingets combined with other stripes resulting from the fading
(called active areasnay be prepared in different spatial con- out of other filaments appearing in Figgbgand Zc). This
figurations by applying appropriate masks. Besidesthe can be seen in Fig.(@). The resulting longer stripe also
feeding voltagéJ, can be changed easily in the experiments.vanishes in Fig. @). The speed of propagation of the de-
Therefore, these two quantities are used as the main contretribed stripes is of the order of 10 mm/s.

parameters. Other parameters like gas prespuaad dis- Increasing the voltage far beyond,=400 V leads to a
charge gap thicknessremain fixed or are changed discon- spatial stabilization of the originally fading-out filaments and
tinuously in a narrow range. the patterns that are observed in the gas-discharge area at

A typical development of the discharge can be observedhigher voltages are composed of filaments that are spatially
in the device by varying the control parameters in the rangetable in the sense that they keep their shape in the course of
of Up=400-1200 V andp=0.03—0.12. The corresponding time. The current density distribution corresponding to this
specific conductivity of the semiconductor electrode then issituation is depicted in Figs.(&—3(i). The corresponding
in the range ofrgas= (0.50—1.18x 10"’ (2 cm)~ 1. Under  time average of the discharge current in dependence of the
these conditions, a spatial homogeneous stationary dischargepply voltageU, can be seen in Fig.(3. The discharge
is ignited in the gas gap of the device ldy~400 V. This  current grows due to the increase in the number of filaments.
state of low current discharge corresponds to the so-callebh Fig. 3@ there is only a small number of filaments in the
Townsend dischargg24]. Raising the voltage in this mode gas-discharge area. In this stage of the process, the filaments
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FIG. 4. Current density distributions on active areas of which
the boundaries consist of straight lines: triangulrand a rectan-
gular (b) geometry. The geometry has been defined by a mask pre-
pared for the incident radiation falling on the semiconductor elec-
trode. The circular area has a diameter of 30 mm. In both cases the
parameters areU,=833 V, ¢©=0.03 [0ogae=0.50x10"’

(© cm)™ 1], and p=40 hPa.

a chain and be split into several parts. But at the same time,
new chains are formed that have the same characteristic fea-
tures as their predecessors. A further increase in the supply
voltage accompanied by an increase of the density of fila-

ments leads to a situation where filaments no longer organize

02, 1 themselves in “parallel” chaingFig. 3(d)]. Now chains do
OOy R Ts R N Ty R0 not maintain a fixed distance to each other any longer and
UM they may even be connected, thus generating a kind of net
0

structure. Finally chains disappear completely and filaments

FIG. 3. Current density distribution in the gas discharge, thedl® Scattered across the active area in an arbitrary manner
images are taken with,,,=40 ms and the parameters=0.05 [Figs. 3€) and 3f)]. These stages are comparable to those
[0can=0.65<10"7 (0 cm) !}, D=25 mm, andp=42 hPa. The Observed at lower voltages before the formation of chains
respective feeding voltageés, are(a) 820 V, (b) 850 V, (c) 880 v,  [cf. Fig. 3@]. Now, however, we have a much larger density
(d) 910 V, (e) 940 V, (f) 1000 V, (g) 1060 V, (h) 1120 V, and(i) of filaments. Raising the voltage even more results in the
1210 V. In(j) the time average of the global discharge current isformation of a state, where the complete active area is cov-
plotted as a function of the supply voltagk. ered with filaments in an almost uniform manfEigs. 3g)

and 3h)]. When the system is filled up with filaments, a

are moving in a random manner on the active area; the avfurther increase in the supply voltage does not enlarge their
erage velocity of this movement is of the order of 3 mm/s.number. Instead, this increase is accompanied by the increase
Because of the relatively low velocity the filaments seem toof the filaments’ speed. At this stage, images of the discharge
be fixed in snapshots obtained with 40-ms exposure timeglow taken witht,,,=40 ms show a smeared discharge ra-
WhenU, increases, the density of filaments increases corrediation density distributiofiFig. 3(i)]. As a consequence the
spondingly and a qualitatively new feature in the patterndynamics of filaments cannot be followed any more by
arises. Namely, filaments start to form linear objectsmeans of a conventional video technique.
(“chains™). Raising the voltage leads to generation of in- To analyze the spatial order in filamentary patterns, the
creasingly longer chains that finally extend across the comspatial correlation of filaments has been evaluated. For this,
plete active arefFigs. 3b) and 3c)]. In most cases, the long the pair correlation function has been calculated from the
chains are “connected” to edges of the active area with bottdischarge radiation density distribution. At first the positions
ends, while there can be also some short chains isolated froof filaments were determined. In the algorithm, objects in an
boundaries as well as single filaments. The chains touchmage of the discharge glow are identified as filaments when
boundaries at an angle of approximately 90°. This behaviotheir brightness exceeds a certain threshold. For a given fila-
is even more pronounced when the active area is not of ment the numben, of filaments between distancesaandr
circular shape but is formed by straight boundaries. In Fig. 4+ Ar from the primary one is counted, whet& =0.09 mm
examples of a triangular and a rectangular active area atis determined by the resolution of the camera that has been
given. We note also that independent of the actual shape anged. For the calculation, only filaments inside a reduced
size of the active area, the chains arrange in a way that thegrea around the center of the active area are taken into ac-
try to align parallel to neighboring chains. The distance becount. The diameter of this reduced area is 12.5 mm, which
tween adjacent chains at the described experimental conds half of the total diameter of the active area that in this case
tions is of the order of 5 mm and is virtually independent ofis D =25 mm. The maximum distaneg, ,, of analyzed pairs
control parameters. is set atD/4=6.25 mm to ensure that the vicinity of each

Like single filaments, chains are not fixed to certain posi-filament considered lies completely in the active area of the
tions in the gas-discharge area and they are not rigid objectsystem. Nown, is determined for each filament on the re-
In the course of timéi.e., on the scale of secondshey can  duced area. This procedure was repeated for a sequence of
bend and twist. Also, they can break up at some point alon@50 pictures and finally averaged. This gives,
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000 . . . . . . number of filamentdN that can be registered in the gas discharge
&_0‘015-(6) 1 . area at fixed values of control parameters. The presented data are
g 0.010} — } A ] obtained as a result of the processing of 500 subsequent half-
‘—QO‘OOSW 1 F - pictures of the discharge glow taken wifh,,=50 Hz andte,,
= 0,000 L . L3 ! : = =20 ms.(b) Dependence of the average density of filamentn

@ ' ' thy ' ' the feeding voltag&J,. The error bars indicate the standard devia-
0,—0‘015' 17T ) tion in filament density due to fluctuations of their number. The
E 0.010¢ /\/m [ ] parameters are=0.05 [ogaa=0.65X10"7 (2 cm) 1], D=25
EO‘OO‘E" - 1F ) mm, andp=42 hPa. The representative distribution showr(an
O‘OOOO 5 4 5 0 5 2 e has been measured at a voltageJgf=880 V.
r [mm| r [mm]

that while raising the voltagtl, the numbem of filaments

FIG. 5. Pair correlation functiong, for filamentary states grows. To count the number of filaments at a given set of
shown in Figs. 8)—3(h). The respective correlation functions are parameters and evaluate the corresponding fluctuation, the
marked with the same letters as in Fig. 3. same algorithm as for the determination of positions of fila-
—o(2mAr) § hich it i leul E ments has been used. It turns out that the number of fila-
_pf(bwr. r)hrom w 'f '(tj IS egs;t/)_lt_o cg cg_a_tp_r. rth Fr’]f ments undergoes temporal fluctuations at fixed parameters.
we obtain the normfaflllze probal 'h'm hy vislon with the 14, gescribe these fluctuations, a sequence of 250 pictures
average number of filaments within the reduced agas  (aren during the period of time of 10 s has been evaluated
the probability density to find a filament at distancgom a {5 e4ch set of parameters. In a first step, the video pictures
given filament. We_ refer tqp.r as the pair qorrelatlon func- have been divided into their two half-framéeach with
tion. The correlation functions for the filamentary states; _ o m3, so that the number of evaluated half-frames is

. . . . ex Ll

shown in Figs. Ga)—S(h)_are presented in Fig. 5 where they actpuaIIyB=500. Finally, the number of imagea(N) con-
are denoted by respective letters. In Fig@)5p, has a small  aining'N filaments is determined. For the state that is repre-
peak arr ~1.5 mm that indicates the tendency for formation gg e by the snapshot in Figcg the distributionP(N) is
of pairs of filamentsthis can also be seen in the correspond-gon in Fig. 6a) as a representative result. In all the other
ing image. The formation of filamentary chains leads to the ga1e4 jllustrated in Fig. 3, the distributions have a similar
development of a second peak in the correlation function aéhape meaning that they have a distinct maximum and a
r%h4.3thmmeF'lg. 5(b)1 ﬁrafti be(‘iomé%s e;er;] n%cr:;e E”i'o're_s*"“’edcertain breadth. From these distributions the average number
JVhen e cnams are Ly CeVe opEag. 100 " IS vaue IS f filamentsN=Xy_,NP(N)/B has been determined while

in good agreement with the distance between neighborin . . .
chains of filaments. The existence of the pronounced peak e fluctuations are characterized by the standard deviation

small values of indicates the presence of ordering of fila- =[Z{_o(N—N)?P(N)/B]*2 To be more general, the re-
ments along a chain. When chains are destroyed, the secoflllt in Fig. 6 is given by using the average density of fila-
peak disappears while the first one diminisiEgy. 5d)]  ments p=N/(7wD?/4). The error bars indicate the corre-
until it also vanishegFig. 5e)]. In this casep, has an al- sponding fluctuation in the density. The minimum density of
most constant value at distances that are larger than the mirfitaments calculated from Fig.(6) is about 5 cm? and it
mum distance that is=~1.7 mm. When the density of fila- grows monotonously with the voltage until it reaches satura-
ments grows even further, a new regularity develops. Theion at about 43 cm?. This level indicates the state where
filaments tend to maintain a fixed minimum distance, seeahe active area is covered with filaments to the maximum
Fig. 5f), where a new peak at~1.8 mm has emerged. extent. As it has been pointed out above and as it is demon-
While raising the voltage further, this peak becomes highestrated in Fig. 8), a further rise in voltage does not lead to
and narrower while it is shifted to smaller valuesrpfvhich  an increase in number of filaments but to an increase in their
is approximately 1.5 mm in Fig.(B). When the active area velocity.
of the gas-discharge domain is densely covered with fila- The number of filaments fluctuates in time due to their
ments, the respective correlation functigndFigs. 5g) and  generation and disappearance processes. In all experimental
5(h)] have a characteristic shape. Besides the highest peak s, only one type of generation process has been observed.
smallr that evidences the strong correlation between spatiarhis is illustrated by the sequence of pictures in Fig. 7,
positions of adjacent filaments, there is also a well-where the region of interest is marked by a white circle. A
pronounced peak at twice this distance. new filament is created by the splitting of an existing one. In
The sequence of filamentary states shown in Fig. 3 revealBig. 7(a), this process has just begun. The primary filament
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FIG. 7. Generation of a second filament due to splitting of a 00 01 02 03 04
primary one. The distance in time between pictuU@sand (b) and t ]
between picturegc) and(d) is 40 ms, the distance between pictures ) . .
(c) and (d) is 160 ms. The parameters ddgy =935 V, ¢=0.043 FIG. 9. An example of a typical time series of the global current

[T Gans=0.60x 1077 (Q cm) 1], p=60 hPa, andey,=40 ms. The for a filameqtary state characterized b_y long chains of f_ilaments like
that shown in Fig. &). The average discharge current is 0.25 mA.

The parameters aréJ,=846 V, ¢=0.09 [0 gaas=0.95x 107

) cm)™1], D=25 mm, andp=60 hPa.

active area has a diameter =13 mm.

has altered its circular shape to an elliptical shape. In the nex
step (40 ms late), the ellipsis became stretchéBig. 7(b)]
and another 40 ms later, the deformed filament has split ugaries. The frequency of peaks is larger the higher the aver-
and two filaments are distinguishaljEig. 7(c)]. As time  age number of filaments in the discharge, while the ampli-
goes on, the distance between these two filaments becomigle of peaks is virtually equal in all states. The appearance
larger as can be seen in Figdy. This snapshot has been of such dynamics of the global current suggests that each
taken 160 ms after the previous one. The splitting process igischarge current peak is related to the ignition of a filament,
the reason for the existence of pairs of filaments that can bahich then exists only for a very short period of time. The
observed, e.g., in Fig.(8. These pairs are not created fact that filaments can be seen on a video camera picture,
through combination of two single filaments but exist as awhich is actually the result of the integration of the discharge
transient state after a splitting event has occurred. glow over several breakthroughs, leads to the conclusion that
The collapse of filaments also proceeds through a single subsequent breakthrough is supported in regions where a
process. This scenario is documented by the sequence tifament did exist before. To verify the above conclusions
pictures in Fig. 8 where the region of interest is againdirectly, one has to investigate the temporal behavior of a
marked by a white circle. The experimental conditions aresingle filament. This can be done by restricting the active
the same as those corresponding to the data of Fig. 7. Threa in a way that only one filament can exist. Practically,
brightness of the marked filament decreases in states reprthis is accomplished by irradiating only a small region of the
sented by the sequence of snapshots Fig®—8(c), untii  semiconductor. This region can still be chosen larger than
finally the filament has disappeargig. 8d)]. The annihi-  one filament—which has typically a diameter of the order of
lation of a filament seems not to be triggered by any inter0.6 mm—thereby ensuring that the filament is still not essen-
action with other filaments. It happens in an unpredictabldially influenced by the boundaries of the system. An ex-
manner: A filament can disappear just after it has been gerample of the time series for such a situation is shown in Fig.
erated by the splitting process described above, but it cahO(@. This result illustrates that the dynamics of a single
also exist for several seconds. Both cases can be observéthment actually consists of a sequence of breakthroughs
experimentally. that are relatively short in time as compared to the charac-
Investigating the total currentthrough the gas-discharge teristic time interval between them. It is also revealed that
device, we find a significant time dependence. An exampléhe breakthroughs do not occur periodically, althoddHies
of a typical time series is presented in Fig. 9. It belongs to an the limited range of 0.02—0.033 nfisf. Fig. 1Qb)].
situation with developed chains of filaments similar to that By using a fast light-intensifying camera, it is possible to
illustrated by Fig. &). The recorded global currehexhibits ~ record pictures of the gas-discharge domain in the studied
a nonperiodic succession of narrow peaks, each peak hassgstem on the time scale of the repetition rate of filaments.
width of about 300 ns. Most of the peaks have approximately
the same heightin the given example about 1 MmAThe

time series of the other states represented by the sequence of T 1ofe ]
pictures in Fig. 3 resemble that of Fig. 9 but, depending on £ 05; ]
the parameter set, the succession of peaks on the time axis 00 -(b) : , :
EO‘(B- ///\(' -
S| / - e
NAY Y Yakas
02 03 04

00 01

t [ms]

FIG. 10. An example of the time series of the discharge current
FIG. 8. Annihilation of a filament. The experimental conditions (a) and the timeAt between successive current spikbs for the
are the same as in Fig. 7. The repetition rate of the framég js  situation of a restricted active area with appearance of only one
=25 Hz. The further parameters dog=935 V, ¢=0.043[0gans  filament. The average discharge current is 0.09 mA. The parameters
=0.60<10 " (2 cm) '], p=60 hPa, and.,,=40 ms. The active are Uy=854 V, ¢=0.12[0gaas=1.18x10 7 (2 cm)™!], D=3
area has a diameter &f=13 mm. mm, andp=60 hPa.
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mentarylike breakdown arising on the low-current
stationary-homogeneous background generates waves that
propagate across the active area of the system. The waves
exist in a rather narrow range of control parameters. A fur-
ther increase in current, as compared to the critical value for
the instability, gives rise to a pattern composed of filaments.
Filaments can exhibit a pronounced cooperative behavior re-
sulting in formation of spatially extended structures
(“chains’™) with two characteristic spatial scales. To be more
explicit, the distance between neighboring filaments in a
chain is essentially smaller as compared with the distance
FIG. 11. Records of the light density distribution of the gas- petween adjacent chains in a pattern. As a result, an aniso-
discharge with short exposure times,(b) tep=3 us, (©) texp  tropic pattern is organized in the two-dimensional system.
=10 115, (d) texy=30 1S, and(€) te,,=300 us. For comparison, @ The formation of chain patterns and their intrinsic anisot-
yldeo camera picture taken under the same experimental condltlonr%py have been demonstrated to be quite a robust property of
© Op_ rse;fzgﬁgf)m-r:ri)E?]r,ar;r?ée;izgg%Pz??hZ’(,;Pcti\?éogr[ezeags's , the system. More explicitly, a change in the geometry of the
diameter ofD= 15 mm. actlve_ areas of the (_1eV|ce is acco_mp_anl_ed by a spatial recon-
struction of the chain pattern, while its internal symmetry is

Such pictures with short exposure times, are shown in retained. By varying the control parameters, an incre_asing
Fig. 11, where the active area is smaller than that correfUmber of filaments can be generated in the system. Wjth
sponding to Fig. 3. Due to the short exposure time, a highpemg further mpreased, cham; are destroyed and the result-
amplification of the discharge glow is necessary and, there"d pattern reminds us of the liquid state.
fore, the presented Snapshots are more noisy_ For Compari_ In relation to these fil’ldingS we notice that the formation
son, a video camera picture withy,,= 40 ms is also included Of filamentary patterns in dc-driven *“semiconductor-
[Fig. 11(f)]. In the case of,,,= 3 us, there are either one or discharge gap” systems have been earlier studied in, e.g.,
two filaments visible[Figs. 11a) and 11b)]; at the same [16,19. In this work nitrogen has also been applied. The
time, for a given exposure time, it is possible to get picturesssential difference between the present and previous experi-
with no filaments at all. In contrast to a video camera picturemental conditions is, however, that the discharge system in
in these cases of short exposure time, only one breakthroughi6,19 was kept cooled down to about 90 K. There, filamen-
per filament is registered. Wheg,, is made longer, more tary patterns were composed of stationary filaments. Forma-
and more breakthroughs that occur at different positions ofion of these structures could be satisfactorily described in
the active area can be recordédgs. 11c) and 11d)]. Until  terms of the Turing instability of the homogeneous discharge
now we have found no temporal correlation between spastate.
tially correlated filaments, e.g., the pictures reveal that two |In the present work, a qualitatively different filamentation
adjacent filamentffor example, two filaments in a chaiare  process takes place where individual filaments oscillate in
not correlated in time. At.,,=300us, the picture of the time. The recent investigation of the present system at
discharge virtually shows no difference to a correspondingslightly different parameterg22] has revealed the existence
video camera picture. of a Hopf bifurcation from a stable stationary homogeneous
discharge to an oscillatory mode, the oscillations being in
phase all over the total active area of the system. These two
phenomendthe oscillatory mode of the spatial homogeneous
In the present work, electrical transport processes in aischarge and the existence of patterns composed of oscillat-
planar dc-driven gas-discharge system with a high resistandag filament$ seem to be closely related. It is tentative to
semiconductor electrode are studied. The discharge in nitrcsuggest that the appearance of patterns composed of oscilla-
gen at moderate pressures is applied. The main pattertery filaments is due to the fact that the system becomes
formation phenomenon observed is the formation of a mulunstable to both Hopf and Turing mode&s].
tiflamentary current state. It has been shown that filamentary The most intriguing phenomenon that is observed is the
patterns are essentially nonstationary; individual current filaformation of anisotropic chain patterns that are characterized
ments are formed by repetitive electrical breakdown of theby two spatial scales. At the moment, the peculiarities in the
gas layer. The experimental data suggest that filamentarfflaments’ interaction that are responsible for the formation
patterns arise as a result of losing the stability of the spatiallpf chain structures are not clear. An understanding of this
homogeneous stationary discharge. The instability appears phenomenon requires, first of all, a description of the spa-
the increase of current density in the device above som#otemporal dynamics of a solitary filament. We believe,
threshold value. Such current control in the considered cadeowever, that the main driving force for the formation of
is mainly provided by the variation of the feeding voltage. In oscillating filamentary patterns is the Hopf bifurcation in the
the course of the transition from the stationary homogeneousystem[22].
state to a filamentary pattern, some intermediate stage in pat- We would like to add also that filamentary patterns of
tern formation process is observed. At this stage, local filavarious types have been studied in planar dielectric barrier

Ill. SUMMARY AND DISCUSSION
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