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Optical excitation in the creep phase of plastic charge-density waves
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Creep motion of the charge-density wag@DW) and its change through optical excitation in the low-
temperature plastic state ol kM0oO; is analyzed in terms of a local pinning theory. The nonline¥rcurve
below the sliding threshold field can be well reproduced with a numerical calculation, and it is shown that
photoexcitation increases the transition probability of phase slips, which promotes the creep motion, and also
leads to a relaxation of the phase strain. Photoexcitation can offer an effective method to control the dynamics
of CDW through this deformation manipulation.
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[. INTRODUCTION Recently, Lemayet al. reported that the creep motion of
Many sliding charge-density waviCDW) materialst- theT ng in N'ng can be monitored through ngrrow-bgnd
including fully gapped Kk aMo0Os, TaS, and partially gapped NOIS€; indicating its temporally ordered collective motion,
NbSe, show dramatic changes in their transport properties a@nd the creep current can be expressed as
low temperatures, such as freezing out of relaxation time and T £
appearance of a second sliding threshold, indicating a quali- _ _ _ Ipin E
tative modification of the pinned state of the CBW/(see J(E.T) = 0o(E - Er)ex T )R YT ) @
Ref. 10 for a review These changes in the CDW
dynamicd'*? are characterized by interactions between colwhereEr is a threshold fieldT ;, is pinning strengthE is an
lective pinning, local pinning, Coulomb interactibhand  external electric field, andr is a constant. Equatiofil)
thermal fluctuatiort* A typical CDW conductor KsMoO;  shows a thermally assisted flux cré®and resembles the
shows a Peierls transition &}~ 183 K and t_)ecomes_ semi- field-assisted hopping conductiéhalthough the prefactor
conducting due to nearly perfect nesting of its Fermi surfacejnear to the electric field is added phenomenologically. Al-
Slightly below Tp,_the current is carried by _therma[ly acti- thoughl-V curves in the creep regime of,§MoO; can also
vated normal carriers and also by the collective motion of thg,q fitted with Eq.(1),2" the conclusive théory for the trans-
CDW. Ohm!c conduction can be observed above0 K port properties in the low-temperature phase has been
with small bias voltage, and the current follows a power laWawaited
: 15 .
mttrrln(;??\[;ec(l:Jtrf/oeva?ltag;rg%vevlgvt?ZBg E's :\rrfgt(i:r%gg t:égg:]no'g_ A local pinning approach to the time-dependent properties
nied by a discor?t?nuity(called switéhing with hysteresirs) of plastic sliding density waves, in terms of local metastable
and becomes pronounced with decreasing temperature. B tates created by plnnlng-lndu_ced solitons or dislocation
ops (see Ref. 22 for a revielw has been developed

tween two thresholds, the current increases nearly expone . ) ; ) .
tially with applied voltage, and is temperature activated with€C€ntly;* in which the CDW s considered as an elastic
an activation energy comparable to the Peierls gap. Thedeeriodic medium with topological defects interacting with

dynamics have also been discussed in terms of the dynamigpurities?® This theory can describe anomalous peaks in
phase transitions from the analogue of vortex lattiéesl-  temperature and frequency-dependent dielectric susceptibil-
though the origin of the switching is not clearly understoodity €(T,w), and the appearance of the second threshold ob-
at this moment, the low-temperature phase have been aserved at low temperaturés?*At these temperatures, CDW
cribed to the plasti¢or glass-like state of the CDW! domi-  is assumed to advance with phase slips and breaking of the
nated by local(strong pinnings after the freezing out of phase coherence.

normal carriers that screen the CDW deformations at higher A phase slip process occurs in many condensed matters
temperatures. The local pinning is characterized by a relawith complex order parametef®.In the sliding CDW sys-
tively small barrier height that can be overcome even at lontems, when the external field is increased, strongly pinned
temperatures, while the collectiveveak elastic pinning in- domains are not dislodged; instead, the elastic cost of the
duces a large barrier height-10%;T, (Ref. 10] and domi-  phase deformation drives the CDW amplitude toward zero.
nates the high-temperature elastic regime. The relaxation df the optical conductivity measurement, a decrease in the
these two processes shows a crossover around 23aKg  spectral weight for the amplitude mode under the sliding
the first threshold disappears because it is inversely propomotion has been reportéf Phase slips generate topological
tional to the CDW elastic constaht,whose longitudinal defects in the CDW, as+2 solitons in one dimension and
componentC,~ 1/p, diverges with the disappearance of nor- dislocation loops in higher dimensions, which climb in the
mal carrier density,~exp(-A/T). crystal and allow the CDW to progre$sThese phase slip

1098-0121/2005/1%)/0751188)/$23.00 075118-1 ©2005 The American Physical Society



OGAWA, MIYANO, AND BRAZOVSKI PHYSICAL REVIEW B 71, 075118(2009

processes are indispensable in the conversion between co 10*} g2k
lective and normal carriers at the contacts, the temperature__
variation of the CDW wave vector, and the depinning of the f‘: 10° 0o
localized regions in large samples. In the latter case, theg 4q¢ oo
shear deformation of the CDW phase also plays a crucialg

role?® Thus, the sliding state in the samples with a large ~ 10"
cross section is essentially inhomogeneud} although
highly correlated motion has been predicted from the view-
point of the dynamic phase transition, and there are some
experiments showing the increase of in-chain correlation ing 1o®

10* | 14K

the sliding staté€? The interaction between topological de- E
fects with plastic and elastic deformations makes it difficult 5 10
to picture the sliding state of the CDW in real space. © ot

In this paper, we combinkeV measurements of g&MoO;
with optical excitation and try to explain the creep motion 0 07 o7 o8 h 07 o4
and its illumination intensity dependence using the local pin- " Voltage (V) " Voltage (V)
ning theory** Since the CDW is a condensation of electron-
hole pairs, one can expect excitation of the quasiparticles FIG. 1. Temperature and illumination intensity dependence of
above the Peierls gap through photoillumination. This pro-the I-V curves at low temperatures. lllumination intensity was in-
cess causes a temporary reduction of the CDW amplitudereased as 0, 6.12, 25, and 100 mW#clashed arrow indicates
and also leads to the amplitude- and phase-mode collectitte recovery of switching transition through illumination. Inset
excitation, which may result in the redistribution of the shows the contact arrangement.

CDW phase. Consequently, photoexcitation can effectively

induce a relaxation of phase stréihFurthermore, the light ing one chain. This definition differs from a more traditional
illumination can also control the CDW motion because |tvieW of solitons as walls between d|st|nct|y different do-

shows sensitive dependence on the phase deformation. Noggains, which is appropriate to commensurate CDWs. In ad-
that this effect is distinct from the modulation of the CDW ition, our definition of phase slips is somehow broader than
creep motion by the presence of free carriers, e.g., screenige most common one, while it keeps the most important
and back flow. One m|ght SUSpeCt that it is difficult to differ- ingredients‘ Name|y' the phase s“p is the instantaneous pro-
entiate the effect by thermally generated normal carriergess of changing the on-chain configuration of the CDW
from that by the optically generated quasiparticles. Howeveryhen it gains or skips one period, #2We allow for phase

the lifetime of the photoexcited single particles is too shortsjips to take place locally, at the pinning site with a distribu-
(<1 ps to make a significant contribution as free carri¥rs. tion over some interval terminated by divergent solitons; this
A detailed discussion about the photoeffect on the dynamicgrocess conserves the number of particles. Usually, the phase
of CDW is reported elsewhef®.That the photocurrent is glip is interpreted more narrowly: the gain ofr2s distrib-
indeed very small, reflecting the short lifetime, has been reyted over the whole chain, which changes the total number

ported recently in Ta$*™ of periods in the ground state by one, hence, the number of
We note that optical effects can also be discussed in termgarticles is changed by 2.

of the solitons—nonlinear deformations of the CDW result-
ing from self-trapping of electronsee Ref. 37 for a review
It is particularly important that relaxed particles do not stay Il. MEASUREMENTS AND FITTINGS
near gap edges At as semiconductor-like electrons and
holes. Instead, they acquire a form of the amplitude soliton
(AS) ~tanhx/&y), &=hvel/A, with a smaller energy Sample crystals were synthesized by means of the elec-
2A/ .383°With the amplitude passing through zero, the AStrolytic reduction of KMoQ-MoO; melt** Typical sample
becomes a static phase slip center, thus playing a key role #ize is 1.3<1Xx0.2 mn? after the cleavage. The samples
effects of depinning. As well registered in conductingwere glued to sapphire plates and indium electrodes sepa-
polymers® the solitons in the optical measurements haverated by 50um were evaporated onto the surfag€g. 1
been searched in CDW&,while still without conclusive insed. The measurements have been performed with two-
results*? There is some indirect evidence, such as mysteriougrobe geometry in the crystalliredirection at low tempera-
activation energies at about 06584*43which is close to the tures(<25 K).
theoretical value &/, and the appearance of hopping-like ~ We used a cw laser of 2.33efA=532 nm as a light
conduction at low temperatures. The fast relaxation of optisource, whose penetration depth is about 100(Ref. 45—
cally injected carriers can be partly explained by the self-much smaller than the sample thickness. However, consider-
trapping of electrons into solitons. ing the large anisotropy of conductivity and electrode geom-
Notice that we define solitons or their pairs as locallyetry, the creep and sliding motion should start near the
stable finite perturbations of one chain with respect to itssample surface, assuring the effectiveness of the photoexci-
neighbors. This definition is appropriate to incommensuratdation (details on the distributions of current are given in the
CDWs and corresponds to a more general notion of dislocaAppendi¥. The light spot covers the whole sample surface,
tion loops: the 2r soliton is just the elementary loop embrac- including the electrodes. The electrodes are opaque and light

0.6

A. Experimental setup
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focused on them shows no effect in the transport. We note
that the photoeffects could be observed only with the inci-
dent photons with their energy exceeding the Peierls gap, and
are qualitatively similar for photons with energy in the vis-
ible and near-infrared rangé.

4t 2 O
B. |-V characteristics

Figure 1 shows the temperature and illumination intensity
dependence of-V curves. In the dark at 6.2 K, the current I:> (
starts nearly linearly with applied voltage, shows exponential
increase between 0.2 and 0.5 V, and finally reaches the sec-
ond threshold voltage/s. As discussed above, the first (@)
threshold cannot be well defined at these temperatures. With
light illumination, the creep current and the sliding threshold
V; increase in response to light intensity. The rounding of the
-V curve atV, in the dark could be due to the size
effects?®46The photoinduced recovery of the clear switching
transition(at 6.2 K in Fig. 1 is one of the obvious features
of the photoexcitatiod® When temperature is increased, the
photoinduced growth of the creep current and also the shift
of Vs become small. At 18 K, the photoeffect becomes barely
discernible, and seen only at low bias. The temperature range

: : _— . FIG. 2. (a) Phase slip process and growing dislocations in the
in which clear S“dmg Fransm(_)n and Ie_lrge p_hotoeffects can beCDW. The crests of the wave fronts are marked by the solid lines. If
observed, well coincides with that in which the glass-like

. . L : he CDW phase deformation exceedswith respect to its original
behavior dominates, as observed, e.g., in dielectric suscept- p P 9

. & . onfiguration, the system becomes bistable, and then a phase slip
bility meaSl.Jre.men - We have m_terpreted the abF"’e effects occurs. This process repeats periodicdlly. Definition of the local
as follows: Inc;ldent phot0n§ excite the elgctrons in the CI:)anriables. The filled circle shows a pinning potential and the dotted
above _the Peierls gap. Excited qua&partlcles instantly reCOMe represents a pinning domain.
dense into a less deformed phase configuration, accompanied

by effective phase slips and annealing of phase defects. |

the former case, the photoexcitation enhances a creep m dislocation loond® vieldi | ber of metastabl
tion, and in the latter, it shifts the breaking transition of the O dISiocalion oops,7yl€lding a farge number of metastable
states. This process starts with a phase slip and repeats peri-

CDW to a higher bias voltage by partially recovering the™™. ) : T .
phase coherence. The persistence of the photoexcitatio(?g'.ca”y' the cbw deformation at a pinning site exceeds a
ritical value, which leads to local suppression of the order

effect'® augments this picture. Since CDW motion starts neaf : :
the surface in our geometry, photocontrol of the CDW Withinparameter, and finally to destruction of the CDW .phase co-
the penetration depth has an impact on the entire CDW mor_leren_ce and removal of the accumulated phase difference by
tion through shear deformati&hand gliding of phase dislo- 2m [Fig. 2@

; L ieo ; Let us consider a single pinning site locatedxatThe
cations, although it is difficult to say how deep in the sample . : . .
the CDW moves at this moment. deformation energjthe first term in Eq(2)] can be obtained

by minimizing it for a given phase at the pinning sitgx;),
o when the deformation is small. A realistic calculation, how-
C. Local pinning approach ever, is difficult for a large deformation, in which the cre-

The Hamiltonian for the elastic density waves interactingtion Cﬂ solitons has to be taken into account. The minimal
with randomly distributed pinning potential can be expressednodel;” taking into account a periodicity of the interchain

§_e released by nucleation of phase defects as phase solitons

as interaction, yields for the deformation energy
H= | a5 V00T + S Vil - coQ- x + 9l
o oLV & ~ "pini ¢ W(is) = EJ1 - cog¢/2)], ©)
X 8(x - Xi)), (2)  wherey;=¢(x;) - is the mismatch between the local phase

¢(x;) and the phase far away from the pinning site, repre-
whereD represents a volume covering the collective pinningsenting the overall advance of the CDWhen static ¢
domain,C is an elastic constant of the density wave, nd  =const and slidingp=-vt). Equation(3) satisfies minimal
a wave vector. The first term in E(R) represents the elastic conditions thatW(y) should satisfy:(1) quadratic with re-
energy, which cannot grow unlimitedly for a moving CDW. spect toy for a small ¢, (2) periodic in ¢, and (3) always
Considering a very strong point impurity and a periodic na-positive. Considering a single pinning site and definiiig
ture of the density wave, the large elastic deformation shoulé-Q-x;—¢, one arrives at an effective Hamiltonian,
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FIG. 3. (&) An example of the potential landscape. Arrows ex-

press the trajectory of the systeth) Projection of the energy land-
scape in thay direction. When the system climbs the slopeBn

branch with a constant velocit"g{ the potential energy increases and
the energy gap decreases gradually. A transition toBh&ranch
then occurs.

H(, 6) = W(¥) + Vpin(¢h = 6), (4)
which replaces Eq2), showing the competition between the
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Let us consider a density wave moving at a constant phase

velocity v=6 and evaluate the external for€&) necessary

to maintain the motion. When the density wave is deformed
to 6, the fractional force exerted by the constant upward
motion over the potential hill is the slope(6)[=dAE(6)/

dd] times the probability that the systedoes notswitch to
the E_ branch before reaching For a stationary motion, the
occupation number of each branm:%[lin(a,t)], with

an/ at=0} obeys the kinetic equation

dn_ on_ ey

d 96 6
whereng, is the value ofn in thermal equilibrium.f(v) is
thus expressed as

(5

2 e ’ d(9]_
f(U)NL d@F(ﬁ)n(e)~L d9F<9)eXp<' Lvr(el)>'
(6)
7’(0)=Toexp<w)7 "
keT

wherer(6) is the rate of internal relaxation &t andr&1 is an
attempt rate. The activated behavior usually seen in the ex-
periments is incorporated, as can be seen in (Ey. The
creep-to-slide transition occurs when the shortest lifetime of
the system is achieved with increasing the phase velacity

=46. More details on this derivation and on various regimes
are found in Ref. 22.
Here we shall underline only the most important regimes.

cost of soliton generation and elastic deformation. The indeX he initial linear lawf~uv corresponds to velocities so low

i is omitted hereafter. Now,E, equals the energy absorbed
in the nucleation of the pair of solitons each time whgn
acquires the integer increment ofr2and V(y— 6) =V, [1
—coq¢—60)] is the pinning potential. The definition of the
local variables is shown in Fig.(B). In the presence of pin-

that only small displacemeni&d=6-m~ 7,v<1 are effec-
tively allowed after the branch has changed its character to
become metastable. At higherwe arrive at the regimé
~In(v), when a wider, while still restricted, region @9 is
explored and the metastable branch starts to feel the decrease

ning, the CDW deforms within a certain distance from theOf the barrier(Fig. 3, there is a minimal barrier poirt,

pin (collective pinning domain and the domain couples
elastically or plastically with the surrounding phagdéy, 6)
should be minimized with respect t at a givend. The
minima and maxima of the variational energyy, 6) deter-
mine three branches of the energy trage, E_, andE,. An
example of the potential landscape is shown in F{g).3-or

a largeVy,,, the phase) follows 6 closely. Whenys exceeds

T, a state with the CDW stepped ahead by one waveleng

even if unreachable yet at these modergteThese two re-
gimes are covered qualitatively by the empirical formula Eq.
(1). Moreover, at even highar, the above calculations lead
us to the third regime: the saturation of the pinning force at
fmax @pproached a$=f,,,—constb. It is seen as a sharp
upturn of v(f) at higherf. At these highv, the metastable
branch is followed as a whole, with a negligible probability

ifp relax before the full z circle is complete. The cost is to

becomes absolutely stable, and a transition occurs overcorfil€ate€ €ach time a pair of solitons which, being trapped or

ing the energy barrieE, for the phase slip or the dislocation
generation. The phase valéat which the transition actually

aggregated into growing dislocation loops, provide the long-
est relaxation time and can be an origin of the hysteresis. The

takes place depends on the velocity of the CDW as will pdPhotoassisted relaxation of the states created only in the high

shown below.

If the state is monitored by, the evolution of the state
can be traced as illustrated in FigbR At =0, the system is
on theE, branch. Wher¥ increases and exceeds the E,
branch becomes metastable, and Ehébranch is now abso-

v regime can explain the observed optical memory effects.

D. Comparison with experiments

With appropriate scalings, we can evaluate Es). and

lutely stable. The system then undergoes a transition througtompare it with the experimentally measurded character-

a local barriefE,, [activation energyEg(0) —E.(6)], releasing
the dissipation energ&E(6)=E.(6)-E_(6).

istics. The result is shown in Fig. (#he lowest open circles
The absolute value of; is closely related t&/y;, andv. We
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FIG. 4. Fitting of thel-V curve measured at 6.2 K in the dark FIG. 6. Temperature dependence of the voltage to push the
with numerical integrations of Eq6) (the lowest trace of circles, CDW at a constant velocity of I8 A in comparison with the
labeled as #;=="), and its; dependence. Filled triangles show the numerical data of Eq(6). The experimental data were measured in
effect of E5 on the threshold field. the dark(r;=0) and numerical data are scaled with the same factor

as in Fig. 4.

assumeV,=2 meV (~23 K~ crossover temperatur in

the following andr,=0.02 s so as to reproduce the tempera-inearly with 1/7;, which is in good agreement with the ex-
ture dependence of tHeV curves, which defines the unit of perimental data, as shown in Figah At illumination inten-

v. The numerical calculation compares well with the experi-Sity of 100 mW/cm, which corresponds to 1.6 photons/s/
mental data in the current range of 4 orders of magnitudéMo site), the velocity of the CDW increases about 13 times
covering three different regimes of sliding: linear, exponen-over that in the dark.

tial, and the final nearly critical upturn. The deduced value of Figure 6 shows the temperature dependence of the exter-
Es (1 meV~ 12 K) in the dark at 6.2 K is comparable to the nal force necessary to keep the CDW moving at a constant
estimated energy of dislocation multiplicatih,and v  Velocity of 10°%° A, which is in thef~In(v) regime for all
~0.24 Hz at the current of I¢° A in Fig. 4 is on the same the temperatures shown in the figure. In the numerical cal-
order of the experimentally observed creep speed of theulation, the same scale factor as in Fig. 4 has been used.
CDW at these temperatures and is also comparable to thEhe calculation compares well with the experimental data at

creep motion reported in Ref. 18. low temperatures and begins to deviate around 12-IE,),
The effect of the optical excitation can be incorporated byprobably due to the appearance of metastable states from the
adding another relaxation rate, as collective pinning, whose contribution should increase at
higher T following the onset of screening, and also to the
1 1 1 decrease in the sliding voluni@.
T(_g) - % + 71 (®) In Fig. 7, we show the illumination intensity dependence

of the external force at a constant CDW velocity of oA
where 1/7-1 represents an Opt|ca||y induced phase S||p Ornormalized with the VOltage in the dark at each temperature.
stress relaxation in the same scale thh The n depen_ The data below 12 K trace the same curve, indicating that
dence of thel-V curve is also shown in Fig. 4. The nearly the photoeffects can be separated from the temperature ef-
linear offsets of thd-V curves with illumination intensity in  fects, as is implied in the additivity rulgq. (8)]. Thus, the
logarithmic scaléFig. 1(a)] are well reproduced. The illumi- optical excitation induces aadditional relaxation of the
nation intensity(which should be proportional to %{) de-  Phase deformation, and the local pinning model can be ap-
pendence of the creep currefat 0.3 V in Fig. 4 is also  Plied at relatively low temperatures.

evaluated, as shown in Fig.(t5. The current increases

[+ [«}]
2 1{a) g (b) g
< 51 E
51 N 2 ° S
a 5 o <]
lA © =
0 0&
0 20 40 60 80 100 0 5 10 15 20 . . :
llumination intensity (mW/cm?) 111, 0 50 100 150 200
lllumination intensity (mwW/cm?®)
FIG. 5. (a) lllumination intensity dependence of the creep cur-
rent at 6.2 K with bias voltage of 0.3 V, an®) increase of the FIG. 7. lllumination intensity dependence of the voltage neces-
creep current through the optically induced transition rate, 1« sary to push the CDW at a constant velocity of 0A normalized
illumination intensity. with the voltage in the dark.
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In the local pinning model, the creep-to-slide thresholdsample thickness is~0.2 mm and the width of the contacts
voltage is determined by the nucleation enefgy The is 2L~1 mm.
photoinduced increase of the sliding threshold can be simu- In general, normal carriers move under the gradients of
lated by increasindt,, as can be seen in Fig. 4. We interpret the chemical potentigk, which incorporates both the electric
this result as the continuous repair of the partly rupturecdpotential & and the variable concentration of carriems
CDW through optical removal of the phase deformation,However, the carrier concentration is not perturbed at large
which increases the threshold of defect nucleation. Althoughlistances, so thai=V (applied voltage We define the an-
the numerical -V curves can express the creep current fairlyisotropy parameter as
well, the switching transition is absent, because 6g.has
no singularity with increasingd. This indicates that the Ix_ p=R2 o= oo (A1)
switching is not a “local” effect; it rather results from much ay ’ oy
larger coherence of the CDW. In addition, the interactions of
phase defects are not implemented in this model, such ashereo, and o, are conductivities along the chains within
annihilation of solitons and antisolitons produced at neighthe conducting layer and between layers in the depth direc-
boring pinning centers, aggregation of solitons into growingtion, which correspond to thb and (2a-c) directions for
dislocation loops, and change in viscous damping througt, sMoOs, respectively. The anisotropy paramegecan be
the existence of a large number of dislocations. These shoularbitrarily large at low temperature for fully gapped CDWs,
play important roles in the dynamics of CDW and would alsobecause of the different activation energies for conductance
be able to explain the absence of the switching transition ah two directions. For example, in the case @fTaS;, the
the threshold and the existence of substantial damping in thenisotropy parameter was recently evaluated to bé 10
sliding regime of small-electrode-gap sampies. around 120 K and should be larger at lower temperattfres.
The valueA=10* seems to be appropriate for,¥MoOs; in
our experimental conditiof~10 K). The most important pa-
rameter isB=AY2 which is also big(~100). It defines the

In conclusion, the nonlineat-V characteristics in the rescaling of coordinates to make the equation isotropic
creep phase have been well expressed with a plastic motiqly/x— By/x):
of the CDW interacting with strong local impurity potentials.
When the CDW moves, the phase defects are continuously V.j==V -(¢Vu)=0. (A2)
nucleated, leading to a local metastable states and substantial
dissipation. Optical excitation leads to the relaxation of thesén rescaled coordinates, the sample thickness B times
metastable states, and prevents the rupturing of the CDWnhanced, and the effective thickn®&tsan be considered as
phase, thus increasing both the transition probability of phasmfinite in comparison with other scales.
slips and the nucleation energy for the phase defects. Photo- Now we need to write the solution of the Laplace equa-
excitation is therefore an effective method to control the in-tion for a potentiakb(x,y) in the upper half-plang= 0 with
ternal degrees of freedom of the CDW and can elucidate théhe condition that at the boundagz=0 the potential takes
dynamics in the plastic state of the CDW after the freezingvalues®(x>a,0)=V/2 and ®(x<-a,0)=-V/2. As usual,

IIl. CONCLUSION

out of normal carriers. the solution is written for the complex potentRE® +iW¥ as
a function of the complex coordinate=x+iBy. It is known
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i VT
~E + —E,=

B~ Va?-(x+iBy) (A9

APPENDIX: THE DISTRIBUTION OF CURRENT AND
FIELD

The field and the current diverge near the contact egges
0,x— ta. Near the contact plates away from the sjot
0,/x| >a,

Here we consider the distribution of current and field in
our experimental geometry. At present, we study the regime”
of the rigid CDW considering only normal current. However,
it will give us an understanding about when and where the

CDW starts to slide. The results are extendable also to the =0 — lx — tBVIm
, o : . Evix=0; Ey 51 (AS5)
first (low curren} sliding regime, where thé-V curve is o, x?-a?

linear even for the collective conduction. We shall concen-
trate on the distributions around the slit between two elecso that the currenf, emitted by distant partsx|>a, of
trodes (separation |=2a~50 um). In comparison, the contacts decreases very slowly, asxL./The same concerns
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the current density, on the line above the gap center0, ix\x=0y=L/B) a L
which decays as 1y|. The total currend given by Eq.(A5) m =TT 407, (A7)
diverges logarithmically as X '

In summary three different scales exi¢t) larger area
L X L/B defined by contacts width, where most of the cur-
rent flows but at a relatively low density2) major active
areaa X a/B, where the coherent sliding can start as soon as
where we have introduced the cutaffon the order of the the minimal fieldV/ma of this region(atx,y=0) exceeds the
contact width. We see that the total current is distributed ovedepinning threshold; an¢B) singular regions near the con-
a semi-ellipsoid of widthx~L~1 mm and depthy~L/B  tact edgex=+a,y=0. Here the CDW is depinned very early
~10 um. However, the field and the current densities arebut may not be able to slide from one region to another
rather low; at the characteristic ellipsoid boundary we find unless the condition ifi2) is satisfied at a higher voltage.

oo oo L
J:f jy(x,O)dx:f i (0y)dy=2Vin=, (A6)
a 0 v a
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