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Dynamics of zigzag destabilized solitary stripes in a dc-driven pattern-forming semiconductor
gas-discharge system
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Institute of Applied Physics, Mster University, Corrensstrasse 2/4, D-48149ndter, Germany
(Received 16 November 1999

Zigzag destabilization of self-organized solitary stripes was detected recently in the current density of a
planar semiconductor gas discharge system. In the present work it is revealed that this instability is accompa-
nied by the propagation of the zigzag deformation along the body of a stripe. This phenomenon is quantita-
tively analyzed using a high-speed image acquisition technique based on a framing camera system. The
velocity of propagation has been found to increase monotonously with the global electric current, while the
characteristic wavelength of the pattern shows a complicated behavior. The connection of the obtained data to
available results of theoretical analysis of secondary bifurcations of solitary stripes in reaction-diffusion media
is considered.

PACS numbd(s): 05.65+b, 52.80—s

[. INTRODUCTION ode being separated by a gas layer from an indium tin oxide
(ITO) transparent metallic anode that is deposited on a glass
Stripe patterns are well known structures being spontanesubstrate. The system is fed by the voltaggin series with
ously formed in nonequilibrium systems of different origin 3 resistorR, via the ITO layer and the metallic contact that
[1-4]. Stripes can be observed experimentally as a part of goyers the outer surface of the semiconductor. The semicon-
periodic pattern with a well defined wavelend®-10. A g c1or is a silicor(Si) wafer doped with the deep impurity of

simple mode of destabilization of straight stripes is either a . . . o
zigzag or a varicose bifurcation. These are related, respeag—'r(]jc (an' ICCT) 1?btgn a 101W tipeC'f'C _con%uct;vny of th? d
tively, to in-phase or out-of-phase wavy deformation of op-°'9€" © (2em)~7, the semiconductor is coole

posite walls of a stripe. The zigzag destabilization of peri-down to a temperature of about 90 K by means of liquid
odic stripe patterns has been observed experimerftaliy ~ hitrogen. To varyo, the semiconductor can be illuminated
and has been described theoretically as Wel]. Except in by IR light with a radiation density .

Ref.[13], to our knowledge no experimental results of zig- Since the metallic contact is transparent to IR light and
zag destabilization of solitary stripes have been published s@ue to the internal photoeffect in the semiconductogan
far. However, theoretica”y thlS klnd of bifurcatio.n haS be.enbe increased proportiona”y t¢IR in a |arge range. There-
treated by several authors, in particular for reactlon—d|ffu5|or\=0re' o (or practically ¢5) can be used as a bifurcation

systemg 14-18. In theoretical works devoted to the prOb'mparameter. Because the emitted radiation density in the vis-
lem, as a reference state solitary stripe solutions of two co

ponent reaction-diffusion equations have been chosen. iple (;‘."‘”%e IS roughlg pLoporno_nelﬂ todthe currer|1tbd(:]n$|_ty f
dependent on model assumptions, different kinds of zigzad'€ discharge gaf20], the spatial and temporal behavior o

destabilization of the boundaries of a stripe, including propall€ current density can be recorded through the transparent
gating and nonpropagating deformations, can occur. In cor O layer with optical cameras. _
trast to the zigzag destabilization of solitary stripes, the zig- [N the present experiments the semiconductor cathode has
zag instability of a periodic pattern of stripes is a collective@ thicknessa;~1 mm, the width of the discharge gap is
effect, and cannot be observed for a single isolated stripe. in the range 0.75-0.8 mm, the active area has the diameter
The destabilization of solitary stripes was recently de-d=20 mm. The gas that fills the gap is nitrogen,jNat
tected experimentall{13]. In the present paper, experimen- pressurg in the range 160—220 hPa. The voltddg ranges
tal work presented in that reference is extended, and quantirom 2.3 to 3.0 kV, andRy=1 k(). Since the global current
tative measurements of the properties of the zigzad, in the device did not exceed approximately 108 in our
destabilized solitary stripes are carried out. The experimentadxperiments, the voltage drop &, can be neglected with
setup used is essentially the same as in RE3]. It is @  respect toU,. The experimental parameters applied in the
planar semiconductor gas discharge system that can be copresent work differ somewhat from those used in RES];

sidered as a reaction-diffusion systdf®]. In the present powever, the qualitative behavior of the patterns is similar to
work the dynamics of the zigzag destabilization of stripes isnat observed in that paper.

evaluated experimentally by applying a high-speed optical “aq mentioned above, the specific conductivity of the
camera. 'I_'he experimental data are bnef_ly dlscusse_d N CORemiconductor and, therefore, the resulting current density
nection with recent re.sults. of the theoretical analysis of th'st:an be interactively controlled by illuminating the semicon-
phenomenon in reaction-diffusion systems. ductor with IR light through the transparent electrical con-
tact. In the experiments reported here, only a narrow rectan-
gular area of size 1820 mnf? is illuminated(Fig. 1). The

The experimental system is shown in Fig. 1. Essentially, iwidth of this area is of the order of the characteristic wave-
is a planar gas discharge device with a semiconductor cathength of the Turing-like instability that occurs on the two-

Il. EXPERIMENTAL SETUP
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discharge gap one frame intensified gated came@iCAM2 produced by

glass subsTro’rel lSi<Zn> the PCO companywas used.

illuminated area
I1l. GENERAL FEATURES OF THE BIFURCATION
SCENARIO

The former study of self-organized patterns in the above
described device and in similar arrangements has shown that
transparent B” contact both low-amplitude spatially periodic structures do exist,
ITO layer Ro such as hexagon and stripe pattef@®—23, as well as
U large-amplitude patterns in the form of single sg@3] and

FIG. 1. Sketch of the experimental setup. The discharge is ig-ZIgzag destabilized stripdd3]. In addition, zigzag destabi-

nited in a discharge gap of 0.75—0.8-mm width which is filled with "Zﬁ'd ;p'fr a'f3a.”d tar%ets have beg”h‘)bse'[‘m' .
nitrogen at a pressure of 160—220 hPa. The supply voltadge n Ref.[13] it was demonstrated that at proper experimen-

varies between 2.2 and 3.0 KV, while the discharge current, cont@l conditions the device offers the possibility to initiate the

trolled with the illumination, varies typically between 10 and 110 9"owth of a stripe pattern through the variation of control
wA. The spatial distribution of the current density is proportional to Parameters. Under these conditions the zigzag destabilization

the emitted light, so that it can be recorded with a camera systerfif Stripes has been observed. The studying of this phenom-
through the transparent electrode. enon on a two-dimensional active domain of the pattern
forming device turned out to be a problem, because the state

dimensional domain of the device when a control paramete?! Parallel large-amplitude stripes has been noticed to be
exceeds the critical valug20]. For that reason, only one unstable. That is, stripes inside a pattern become curved, and
stripe that may undergo bifurcations is selected. the overall pattern can undertake the transition to a seem-

For fast phenomena that are the main subject of thd9ly chaotic state. _ o
present research, a framing camera systéhe model To eliminate the above-mentioned complications, the de-

Hamamatsu C4187has been used in most cases. This camYic€ is fed with a certain voltage), such that the entire
era allows one to obtain series of at most eight frames in &ircular active area exhibits a homogeneous stationary low
picture with the maximum repetition rate of 3 MHz and a CUrrent density(at the order of SuAlcm?). However, in
minimum exposure time of 50 ns for one frame. A built-in addmon a narrow and long ldomanj of the active area is illu-
image intensifying multichannel plate allows to attain suffi- Minated homogeneously with IR light. Due to the low con-

. . . . . _1
ciently bright pictures even at a short exposure time. In som@uctivity outside the illuminated area of 18 (Q cm)

experiments, where the high frame rate was not needed with respect to that of the illuminated part, the outer part can
be considered as being insulating. In consequence, the illu-

minated domain can be considered as an effective active area

zigzag destabilized with new rectangular boundaries. The width of this domain
siripe (d) is chosen such that the development of only one sifggé-

tary) stripe is possible. By increasing the illumination of the
semiconductor electrode, a well defined stripe in the current
density does self-organize. It is followed by a bifurcation to
the zigzag destabilized state. In this way it has been possible
to make observations of the behavior of a single solitary
stripe in a wide range of control parameters.

The formation of a stripe, and its further destabilization
into a zigzag, may go through complicated stages. In Fig. 2,
some characteristic patterns in the system are presented that
are observed under the variation of the control parameter
inside the range of instability. Although in principle the in-
tensity of the illumination of the semiconductor is the real
experimental control parameter in our case the global current
is used as the control parameter for convenience. This is
justified, because the global current depends on the illumina-
tion in a continual and monotonic way.
homogeneous One of the features of the shown scenario is that in the

range of low global current the instability produces a spa-

FIG. 2. Typical stages in the bifurcation scenario which lead totially periodic pattern composed of current filaments. The
zigzag destabilized solitary stripes. The snapshots were made wiPatial period of the pattern becomes larger when the current
the DICAM2 intensified gated camera. The exposure time is chogrows[compare Figs. @) and 2b)]. A stripe in the system
sen, depending on the brightness of the structures, to be between @3ists at relatively high currenfsee Figs. &), 2(d), and
and 0.9 ms. The current axis is not true to scale. The parameters @€)]. We point out that at large currents a partial fragmen-
the discharge are the following: the pressure ofiNp=160 hPa, tation of a zigzag destabilized stripe is obser{Ed). 2(d)].
the supply voltagd) ,=2.3 kV, and the discharge gap=0.8 mm. In general, the system is multistable, thus showing hyste-

image acquisation
system
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retical behavior. One cross section of the multistable domain (a) ]
can be seen by comparing patterns in Figb) 2nd Ze) that
are obtained at the same global current but are different, as
indicated in the figure. The two states shown have different
prehistories. We suggest that the hysteretical behavior repre-§
sented by the example just given is analogous to the exis-
tence of the multistability at transitions from hexagons to §
stripes on two-dimensional domaif5].

The hysteretic domain can be rather broad, e.g., for the
scenario, snapshots of which are shown in Fig. 2. Here, on|
the “increasing” branch, there exists a stage of the transition ]
from filaments directly to a zigzag destabilized stripe. For a
two-dimensional domain, an analogous process exists: while
sticking to each other, current filaments may construct such
complicated quasilinear forms as zigzag destabilized spirals (b)
or targets[24]. For the “decreasing” branch in Fig. 2, a 2
backward transition from a zigzag stripe to spots is not ob- g o
served. Instead, a decrease in the current is accompanied b 32
a transition from a zigzag destabilized to a straight stripe. 50T 05038 R -3 VT

Starting from a solitary straight stripe, we have not ob- x [units of I
served hysteretic phenomena, while varying the current and
observing bifurcations from a straight to a zigzag destabi- FIG. 3. Operations in data processing to determine the velocity
lized stripe and back to a straight stripe. Data analyzed in thend wavelength of a zigzag pattern. The raw data from the framing
present work have been obtained in this domain of the recameraa) consist of a succession of eight snapshots. The exposure
versible formation and decay of the zigzag shape of a stripgime for each frame is 1 ms, and the repetition rate is 500 Hz. From

We shall remark, however, that for large values of thethe extracted region of interest, in the case shown from the third
feeding voltage the first bifurcation on a two-dimensionalframe of the raw data where it is marked with a white box, the
domaln glves a Strlpe patte[ﬂo] For analogous experlmen_ pOSition Of the center Of mass Of I|ght densith(X) iS Calculated
tal conditions on a restricted quasi-one-dimensional systen{P)- The amplitude and phase spectrumygfy(x) (c) are used to
we have not observed a stage in scenarios that would ContaﬁJ?termlne the phase of the strongest component a_s a function of
a periodic array of current filaments and that would exhibit al'™€ (d- In the case shown the strongest component kst The
notable hysteresis. Instead, a stripe can organize from Ra
guasihomogeneous background and then undertake a zigzag
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rameters artl,=2.8 kV andl,=39.8 nA.

destabilization. Both processes seem to be reversible. quite regular collective behavior. In order to give a quantita-
tive description of this behavior, the following procedure has
been applied.

IV. DETERMINATION OF SPATIAL WAVELENGTH

From each frame of a sequence a rectangular region of
AND VELOCITY

interest{marked with a white box in Fig.(8)] containing a

It was shown in Ref[13] that zigzag patterns are essen- stripe is extracted, and the background signal is subtracted
tially nonstationary. Attempts to make a quantitative investi-before further analysis is done. The lengtind heighth of
gation of their dynamics, performed in R¢1L3] failed, be-  this region practically coincide with the dimensions of the
cause the speed of the equipment used in those experimerdstive area of the device, which are determined by the illu-
was not fast enough. In the present work a high-speed imag®ination of the semiconductor. Because neither the position
acquisition technique based on a framing camera has bed@wr size of the illuminated area were changed during the
applied. An example of raw data, a sequence of eight framegxperiment, the region of interest has been kept fixed for all
taken at a high repetition rate, is represented by Fig. 2  frames.
detailed comparison of subsequent images of the pattern Let the axis along the stripe be tixeaxis, and the axis
shows that in the course of time the deformation wave shiftperpendicular to the stripe be tlyeaxis. Then the center of
along the body of the stripe. mass for the light density distribution in an image of a pat-

In this paragraph, we describe the procedure used to exern along they axis for each point on the axisyg4(x) can
tract information about the spatial wavelength of zigzag patbe calculatedFig. 3(b)]. This distributiony4(x) provides a
terns and the velocity of their propagation along the stripequantitative description of the zigzag pattern. Now it is pos-
from the recorded experimental data. This procedure insible to determine the wave number of this pattern by means
cludes some special manipulations of the raw data, becauseoh the Fourier analysis technique. The amplitude and phase
determination of velocity and wavelength from the local be-spectra for the considered example are presented in . 3
havior of a pattern turned out to be a difficult problem. ThisThe amplitude spectrum shows a distinct peak at a small
is due to internal degrees of freedom in the zigzag patterwave number, in this case the maximum of the peak is at
which lead to internal movements. These seemingly chaotik;,.x=6/. The center of the power density differs slightly
appearances prevent a straight determination of the pararfrom the maximum value; in this case it iskat 6.41. Due to
eters of the zigzag pattern. However, it turns out that despitéhe rough discretization of theaxis, this is a more accurate
these local nonregularities, the patterns as a whole possesvalue for the wave number of the pattern thiap,,. The
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wavelength\ of the pattern is\ = 1/k; in the considered case (@) (b)

A=3.14 mm. — 33
The variation of the phase,,, of the strongest wave 08 '

numberk,,, ., With respect to time carries the information on 06 /J/H ] f\H/I\{ 120

the propagation of the zigzag deformation along the stripe. 04 g =271 ST 1?7

Values of the phase in subsequent time positions for the

) . A . ] 133
considered example are given in FigdB which shows that TO'B @ (? t M _30€
the phase increases in time in a linear way. Therefore, the_o'6 l ©1 '75

zigzag deformation of the stripe propagates in one direction > 04 S =28 o
for the whole time interval considered. We shall remark, 8 7 1a3

however, that, to induce a unidirectional movement of a pat- 0.

. . . . . . . 06 ] 130
tern, a slight gradient in the illumination along tkexis has {\HY\H/I\[ 157
been applied. In the case of spatial homogeneous illumina- 04 U, = 30k} o '
tion of the stripe-shaped active area, additional complica- 20 40 60 8 100 20 40 &0 8 100
tions arise. The zigzag deformation of a stripe then tends to I A I A

demonstrate changes in the direction of its propagation, with ) ]
a frequency comparable to the frame rate of the camera FIG._4. Velocity(a) and wavelengtlib) of the zigzag pattern for
needed to follow the dynamics of the pattern. This createdree different supply voltagedo=2.7 kV, Uo=2.8 kV, andU,
complications in the acquisition of quantitative data. Never- 3.0 kV_. The velocity increases with increasing current, while it is
theless, both cases—with and without a gradient inV|rtually .|ndependent.of the voltage, whereas the wavelength shows
illumination—are discussed in Sec. V. a complicated behavior.

The general shape of the amplitude spectrum and the po- )
sition of its maximum do not vary significantly in a sequencePendent of the feeding voltage. _
of pictures. Therefore, concerning its main characteristics, !t iS possible to distinguish two regions of current where
the zigzag pattern can be regarded as a rigid traveling obje®oth the velocity and wavelength show different behaviors.
with the constant phase velocity,=d/dt of the strongest For hlghe_r cgrrents the_wavelength is nearly consta_nt, while
component in the amplitude spectrum. In the discussed exhe velocity increases Imearly W|th.respe_ct to the d|scharge
amplev ,=1.19 rad/ms, current. At Io_w currents, just after bn‘urcanon from a straight

Eventually, the velocity of the zigzag stripe results to be StriPe to a zigzag destabilized stripe, the velocity increases
more quickly compared with the slope in the aforementioned
linear range. Simultaneously, the dependence of the wave-
V= (4.2 length on the current is not monotonous. There is a maxi-
mum value for the wavelength. The nonmonotonic depen-
. o dence of the pattern’s wavelength on the control parameter
For the chosen example, the resulting velocityvis 0.60 oy he related to the strong perturbation of the pattern by the
m/s. . . . physical boundaries of the active area of the device.

To decrease the role .Of noise and_above-_ment|oned.|rrggu- To illustrate what happens to the zigzag patterns while the
lar internal movements in a pattern in obtaining quantitativeyischarge current is increased, some examples of stripes for
data, five independent measurements were done for each $gf..ont currents at),=2.8 kV are shown(Fig. 5. They

of parameterd), and ¢ Then the raw data of the com- eqhond to experimental conditions marked on curves in
plete set of measurements were processed and averageddyy 4 The first one refers to a small current just after the
obtain the final results. bifurcation, and the second lies in a medium current range.
In both situations the zigzag pattern is fully developed, but in
V. EXPERIMENTAL RESULTS ON PATTERN Fig. 5b) it is brighter due to the larger current. The ampli-
DYNAMICS tude of the zigzag pattern itself shows no significant change
when the current is raised. This seems to be related to the

Experiments in the present work suggest that, to fOIIOWc?nstriction of the active area in the transversal direction. At

the real speed of processes in patterns, the typical speed ; T )
recording devices should be some hundred frames per Seggher currentyFig. 0] the situation changes. A fragmen

: ) tion process has begun, during which brighter and darker
ond. The main results of present experiments are summ b g 9 g

Fegi in th . Finally, this | k-
rized in Fig. 4, namely, the change of wavelength and veloc-eglonS emerge in the pattern. Finally, this leads to a brea

ity of the zigzag propagation along the stripe, in dependenclfgg up into single spots. This process is not investigated fur-
of the discharge current for different values of the supply er in this paper. In the high current range, e.g., represented
voltageU,. The bars indicate typical errors due to problems
in data processing mentioned in the preceding paragraph. Al (a) (b) (c)

numerical values that are given in this work have an error of Ve T W e e ME

the same order. The plotted data represent the full range

zigzag destabilized stripes for each supply voltage. The size k|G, 5. Characteristic variations in the zigzag patterns at in-
of this range depends on the supply voltage, and is the largreases in current df) 1,=18.7 A, (b) 1,=39.8 uA, and (c)

est forU,=2.8 kV. The behavior of the velocity shows com- |;=110.6 xA. The voltage is kept constant bt,=2.8 kV. The

mon features for all supply voltages: the velocity increasegonditions where these patterns are obtained are marked by corre-
with increasing current, at the same time being nearly indesponding letters in Fig.(4).



PRE 61 DYNAMICS OF ZIGZAG DESTABILIZED SOLITARY ... 4903

3 [ T T T T T T T T ] (O) l ‘ (b) 1‘
o o My R T A T
®
T 3l J
g3 12} ]
=
s} . 7 ]
6 -
9k i 'E 3 ]
0 2 4 6 8 10 12 14 <0 1
t [rme] S[[a Iehsde ]
, bF | @ rightside
FIG. 6. Phase of the leading wave vector of the pattern for an - ; - . . 5 h

eight snapshot series during which two changes in the direction of 0 2 4 6 8 10 12 14
propagation take place. The parameters dge=2.82 kV andlp t [rms]
=38.3 uA.

FIG. 7. An example of a stripe whose parts propagate in oppo-

bv the pattern in Fia. . . site.(.iirections.(a) and (b) are sngpshots at two consecutive time
y P Fig. &), the above mentioned internal positions, andc) shows the variation of the phases of the main

chaotic movement occurs. Although a determination of ve- .

. . S wavelengths of the left and right part of the pattern. The parameters
locity and wavelength for the high current range is still pos- -~ _

. . areUy=2.6 kV andl5=19.9 uA.
sible, the fluctuations are the cause of the larger error bars
that are seen for higher current in Fig. 4.

In general, the direction of movement of a wave along a In other experimental runs with a homogeneous illumina-
stripe is not prescribed, as already mentioned in Sec. IV. Théon of the active area, two distinguished zigzag patterns,
results described so far were attained with a slight gradient ieach extended approximately over half of the active area, are
the illumination along the long extent of the rectangular ac-observed. These move in opposite directions toward the cen-
tive area, forcing the pattern to move in one direction. Aster of the active area, where they collide with each other. As
demonstrated below, this gradient does not influence the ale result, the point of collision oscillates in the vertical direc-
solute value of the velocity in an essential way. The breakindion. Figure 7 shows two successive frames for this situation
of the symmetry has been introduced because in the case obtained with the framing camera. The maxima that are the
homogeneous illumination of the activated area of the declosest to the center are marked here with an arrow for each
vice, it has been observed that in the course of one serieside. The situation of oppositely moving zigzag patterns is
with eight snapshotéwvhich lasts, say, 15 msn most cases retained at least during the acquisition time of one eight
a zigzag pattern changes the direction of propagation. Thessapshot series. Figure(c] shows the phase—calculated
jumps prevent the acquisition of proper data for a quantitafrom the strongest component in the Fourier spectrum of
tive evaluation. both constituents of the pattern in the same manner as for

An example of the variation in phases of the leading wavepatterns of full length, as described above—as a function of
vector of a pattern, for an eight snapshot series during whicktime for both halves of the pattern. The resulting phase ve-
changes in the propagation direction take place, is shown itocity is v, .sy=1.02 rad/ms for the left side angl ign:

Fig. 6. Actually two changes of direction can be detected in=—0.99 rad/ms for the right side. The wave numbers are
this particular case. The first one takes place betwee#  Kior;=7.151 andk;ign;=7.091. Values of both the phase ve-
and 6 ms, and the second one betw¢erl2 and 14 ms. locity and wave number for the two components of the pat-
Obviously, only the situation before and after the first jumptern differ only slightly. Consequently, the absolute values of
can be evaluated in the presented case. The absolute valuée velocity are nearly identical, in this casg;;=0.45 m/s

of the phase velocity, as obtained from linear fits of theanduvgn=0.44 m/s. This agrees with the velocity measured
phase, are approximately equal: fet4 ms itis 1.69 rad/ms, in the situation described in Fig. 4 where the whole zigzag
and fort> 6 ms it is —1.53 rad/ms. The wavelengths are pattern moves in one direction. For example, igr= 3.0 kV
3.40 and 3.36 mm, respectively. The resulting propagatiomnd |,=19.9 uA, the velocity isv =0.45 m/s. These data
velocities for the two directions are 0.9 and 0.82 m/s. Thesuggest that the velocity of the zigzag pattern on a stripe is
error in determining the phase velocity and wavelength in thendependent of the direction in which it propagates. The last
considered case of a “jumping” stripe is larger than by mak-result also shows that the slight gradient in the illumination
ing measurements on a regular moving pattern. For that reaf the semiconductor used in some experiments has no sub-
son, the velocities just mentioned are not in good coincistantial influence on the velocity value.

dence with those that can be drawn from Fig. 4. The given examples concerning the observation of a

Jumps in the direction of the propagation of zigzag pat-switching of the direction of a zigzag mode in propagation,
terns along a stripe represent by themselves, a rather inteand the coexistence of domains of a stripe with opposite
esting example of patterns dynamics. The fact that thesdirections of propagation, show that the details of the dy-
jumps have been frequently observed during the expositionamics of zigzag destabilized stripes are quite sensitive to
time of one series indicates a rather high characteristic frethe natural intrinsic noise of the experimental device. The
guency of this jumping, in our case in the order of 100 Hz. system itself is homogeneous enough to support an equiva-
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lent propagation of the zigzag pattern in each direction. Thdetween results of the theoretical research for reaction-
switching itself must be triggered by small perturbationsdiffusion systems done in Ref§14-1§ and experimental

caused by noise. Under these conditions a slight artificiabbservations of the present work made on an electronic sys-
gradient in the system parameters, as used to obtain the datm. Contrary to chemical reactors, where normally an inter-
of Fig. 4, initiated a deterministic one-directional propaga-action of neutral particles takes place, transport processes in

tion of the zigzag wave along a stripe. the considered device proceed due to the movement of
charge carriers. The main components of the two layer sys-
VI. DISCUSSION AND CONCLUSION tem under investigation are a semiconductor with linear con-

_ o _ . ductivity and a gas discharge domain that manifests a
The phenomenon of zigzag destabilization of periodicstrongly nonlinear response of the electric potential across
stripe patterns(e.g., of convective rolls in the Rayleigh- the discharge gap to the current density in the gap. An in-
Benard effect has been studied both experimentally andcrease in current generally leads to the appearance of a nega-
theoretically and has been well understodd.,26. The e differential conductance of the g4@8]. It is just this
progress in the experimental study of secondary bifurcationgsfect which is responsible for the emerging instabilities of
of localized objects in pattern-forming media has not beenpe homogeneous current distribution in the sysfe23.
adequate so far, th.ough considerable theoretical interest hg$,e transport of charge carriers is controlled mainly by regu-
been devoted to this problefi4—18. larities that are specified by the laws of dynamics of the
The existence of zigzag destabilized solitary stripes in thectromagnetic field. However, a phenomenological consid-
semiconductor gas discharge system allows an experimentglation of processes that are responsible for arising spatial
investigation of the dynamical properties of such an objectgtryctures in twalinear and nonlinearlayer electrical sys-
Due to the restrictions of the active area to a narrow rectanems has shown that one of the most important processes is
gular zone, only onésolitary) stripe can be generated by the the |ateral coupling of the conductance processes in neigh-
system. Under these conditions, a qu_ar_1titative study of th%oring areas via the propagation of electric potenf2s].
dynamics of nonstationary patterns arising as a result of apespite the fact that this phenomenon is not directly related
instability of a primary stripe was possible. In essence, Sucly the lateral spreading of a real matter, it is a diffusionlike
a method of restricting the numbers of the degrees of freeyrocess[19). The change of the electric potential as a re-
dom in the considered pattern forming system is conceptusponse to the variations in the electric current density, as
ally close to that exploited in hydrodynamical systef®g].  \e|l as the potential’s propagation in the lateral direction,
In the present work, the zigzag destabilization of solitaryproyide the inhibiting process and determine its spatial scale.
stripes, that is accompanied by the propagation of a zigzaghe avalanche phenomena in charge carrier multiplication,
deformation of a stripe along its body, is studied. Such aqynich give rise to a negative electrical conductance of the
gﬁect was theoretically treated for reaction-diffusion SysteMgap, work as an autocatalytic process which also has its char-
in Refs.[14-18. As a reference state for the analysis, aacteristic spatial and temporal scales. As a result of such an
steady state stripe solution on a two-dimensional media haépproach, two component reaction-diffusion schemes have
been considered. By varying control parameters, both varipeen derived19,23, that have been exploited successfully
cose and zigzag instabilities for solitary stripes have beef, interpret a number of pattern formation phenomena ob-
revealed. The detailed analysis of the problem made in Rekeryed in semiconductor discharge systems.
[15] showed that, among a number of destabilizing modes, 1o conclude, we have demonstrated the existence of
stationary and propagating zigzag deformations of a stripgropagating zigzag modes of solitary stripes in a pattern-
Can occur. o forming system. While experiments have been done on an
Numerical investigations of further processes that can deg|ectronic(semiconductor gas dischajgeevice, the previ-
velop in a reaction-diffusion system, due to the transversahys research showed that processes of destabilization of the
instability of a solitary stripe, have shown that a zigzag pathomogeneous state, with a subsequent formation of spatial
tern itself tends to granulate into smaller circular fragmentsstyyctures, are specific for reaction-diffusion systems. There-
[18]. A propagation of zigzag deformation along the stripefore we consider the regularities observed in the present

has not been found there. In the experiments discussed abo¥@periments to belong to the dynamics of solitary stripes in
the appearance of granulation of the zigzag destabilizeghaction-diffusion systems.

stripe has been observed at relatively large currents far from

the bifurcation from a straight to a zigzag destabilized stripe.

Our results give evidence that the effect of stripe granulation

can occur not only for a standing zigzag mode, but also for a

propagating zigzag mode. The support of the present work by the Deutsche For-
A natural question may arise concerning the connectiorschungsgemeinschaldFG) is gratefully acknowledged.
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