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We Teport the obgervation of low frequency broad band noise in the
current carrying charge density wave (CDW) state of orthorhombic TaSj3.
The moise amplitude is proportional to the number of condensed
electroas, and we suggest that the broad band noise reflects the
dynamics of the internal deformations of the CDW condensate.

It is by now well established that the
remarkable transport properties of the
transition metal trichalocogenides NbSez and
TaSy are due to the response of the charge
density wava (CDW} condensate. The nonlinear
conductivity observed®above a well-defined
threshold field Eq together with current
oscillation in the current carrying state?
demonstrate the highly coherent response of the
condensate to extermal driving fields.

. The CDW order parameter, iz given by
Ael? vhere A is the amplitude and ¢ is the
phase of the condensate. The current density

due to the sliding CDW is related to the time .

derivative of the phase

= i“. Q (1)
2% dt

where $ refers to the average phase in the
sample, and it is assumed that the time
derivative of the phase is independent of
position; in other words the CDW condensate
moves &s a rigid entity with the internal
dynamics of the condensate neglected. Recent
phenomenclogical theories)s»* of CDW transport
describe the observed de¢ and ac response
phenomena in terms of Eq. (1), with certain
assumptions on the current carrying mechanism.
In 2ll cases observed so far, the CDW mode is
pinned by impurities. In NbSez the pinning
energy increases linearly® or quadratically
with increasing impurity concentration ¢, and a
concentration dependence proportional to ¢ has
been found in TaS3.’ While the models which
attempt to describe the highly coherent
response of the CDW condensate treat the
pinning in a phenomenological way (either as a
periodic pinning potential3 or a pinning gap*),
they fail to account for the microscopic
details of the pinning mechanism.

The observed concentration dependence of
the pinning energy (and of the characteristic
field Eg where depinning of the CDW occurs) can
be accounted for by including local deforma-
tions of the phase around the impuritiES,Big

and the elastic term response for these
deformations is given by
th

-
H = 3 [ (v$)2 dr (2)

hra

" noise.

where Vg is the Fermi velocity and a the
lattice constant parallel to the chain
direction.

With static local deformations playing an
jmportant role in the pinning mechanism, it is
expected that the dynamics of these distcrt.ons
will show up in the transport phenomena in the
form of incoherent, broad band noise, in the
current carrying CDW state.

In this communication we report our
observations of the low frequency (0-25 KHz) im
the charge density wave state of orthorhombic
Ta$3. The onset of the current carrying state
is accompanied by the sudden appearance of
broad band {(and weakly frequency dependent)
The temperature dependence of the noise
amplitude reflects the temperature dependent
carrier number n(T) condensed in the CDW mode.

The breoad band noise was measured using an
HP 3582A spectrum apalyzer. The voltage drop
across the sample was amplified by a broad band
differential ampliffier before the Fourier
cransform was taken. Figure 1 shows :ae rms
value of the broad band noise for applied
voltages V = O oV and V = 50 mV. The threshold
voltage for the onset of nonlinear dc
conduction is V¢ = 20 mV, as determined by dc
conductivity measurements as a function of
applied voltage. The noise amplitude increases
slightly with decreasing frequency showing that
the noige is not completely white, but ir is
also not a 1/f noise. The functional
dependence of the noise spectrum can bhe
represented by an £0:% behavior in the
frequency range measured. Noise spectra, such
as shown in Fig. 1, were taken at various
applied dc¢ voltages and at various tempera-~
tures, The functional dependence of the noise
amplitude was found to be insensitive to both
the variation of temperature and applied
voltage. Both the overall amplitude and the
frequency dependence of the broad band noise
are in broad qualitative agreement with
experiments performed on NbSej. 9,11 1n those
experiments, for the same frequency range, V{w)
was found to be approximately three orders of
magnitude smaller than the threshold voltage
Vr, and was a slowly decreasing function of
inereasing frequency.
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Fig, 1. Broad-band noise spectrum for ortho-
thombic TaSz, expressed as noise voltage per

root Hertz. The dashed line shows the absclute

baseline for zero ac response. Because of
auplifier neise, the effective baseline should
be taken as the V4. = 0 trace. V1 represents

the threshold voltage for nonlinear dc conduc-
tiom.

In Fig. 2 we show the field dependence of
the dc conductivity g = I/V (measured using
conventional voltmeters and standard resis-
tances to measured ¥V and I) together with the
amplitude of the brecad band noise ar 15 KHz,
It is apparent that the onset of the broad band
noise coincides with the cnset of nonlinear
conduction, i.e., with the development of the
current carrying CDW state, "

We have shown beforel —that in the
temperature range between 200 and 100 K, the
threshold field for the onset of nonlinear
conduction in TeS8; is indepeadent of
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Fig. 2, dc conductivity and broad-band noise
amplitude for orthorhembic TaS;, as functions
of the applied dc bias voltage V4.. The noise
amplitude is the noise voltage per root Hertz
at 15 KHz. The onset of nonlinear de¢ conduc-—

tion is at V3 = 25 mV. The dashed line is a
guide to the eye for the conductivity data.

temperature. We have measured the amplitude of
the broad band noise at various temperatures at
applied voltages V = 50 mV, corresponding to
approximately 2V at all temperatures, and Fig.
3 shows the temperature dependence of the broad
band noise amplitude (referenced to 15 KHz) at
this applied wvoltage. The amplitude V{w)
decreases with increasing temperature, going
smoothly to =zero at rhe CDW transition
temperature. In fact the temperature
dependence of V{(w) is close to the temperature
dependence of the number of carriers, as
evaluated from X-ray,l? low field transport!?
(conductivity and thermoelectric power), and
cutrent oscillation® studies. We conclude,
therefore, that the broad band noise does not
represent temperature drivem excited states
(such a2s solitons}, but - aside from the
temperature dependent carrier aumber in the

condensate ~ 1is essentially a zero temperature
phenomencn. '
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Fig. 3. Broad-band noise amplitude for ortho-
rhombic TaSy as 2 function of temperature. The
noise anplitude is expressed as noise voltage
per reot Hertz, The sample has been biased to
twice the thresheld field for the enset of
nontinear de conduction. The CDW transition
temperature Tp is identified in the Figure.

Several explanations have been advanced to
interpret (on a qualitative basis} some
features of broad band noise observed in NbSej.
Monceau et al.ll interpret their experimental
data as due to coupling between various CDW
segments in the current carrying state. It is,
however, well established both in WbSeyl% and
TaSa2 that a coherent current-carrying state
develops at applied eleectric fields rather
close to Ep, and at higher fields coupling
between different regions of the specimen is
already established. Another type of
explanation is based on noise generated by
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solitons and antisolitens.l® No evidence for
solitons associated with «th slight deviation
from commensurability has been found in these
compounds, and temperature generated soliton-
antisoliten (5-8) pair demsities would strongly
increase with increasing temperature, due to
the gap in the 5§ and 5 excitation spectrum, in
contraat to the observed temperature depend-
ence.,

In the classical single particle descrip-
tion of the nonlimear and frequency dependence
CDW response? the equation of motion of the
average phase is given by

- 2k ek

14¢ b (3)

T dl m
where kg is the Fermi wave vector, T is a
phenomenologlcal damping constant, "h is the
pinning potential. Q = 2nfx, where A is the
CDW period, and e and m refer to the effective
charge and effective mass of CDW, Equation (3)
leads to a coheret CDW response with no broad
band noise in the current-carrying state.
Equation (3) is Fformally analogous to the
equation which describes the behavior of
resistively coupled Josephson junctions,l®
Noise phenomena, which reprezent thermally
assistedl? or quantum!® transitions between the
minima of the periodic potential, are exten-—
sively studied in the Josephson literature.
Temperature driven fluctuations, however,
cannot play an important role ia the dynamics
af the collective CDW mode, where a2 large
number of degrees of freedom are frozem out by
the development of the condensate, and the
depinning process is essentizlly a zero

2 cine =
+ W sing =
P

temperature phenomenon. We believe, therefore, .

thet while the models which include a noise
term to the right hand side of Eq. (3) give
results qualitatively similar to those observed
by us, the noise does not represent the random
motion of the collective coordinate or average
phase ¢.

The most likely explanation for our
findings is that the dynamics of the internal
deforfmations of the CDW condensate, which is
pinned by randomly distributed impurity
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potentials, is importart in the dynamics of the
current carrying state. A meodel, originally
proposed by Fukuyama and Lee® and by Rice,? has
recently been considered by Pietronero and
Strassler,.}? A computer simulation leads in
the curreat carrying state both broad band and
arrow band noise, with V(w) nearly frequency
independent in the low frequency limit.

We note that Eq. (3) with a periodic
potential leads to a thresheld field Ep, to
infinitely sharp narrow-band "noise” peaks with
no associated broad band noise in the nonlinear
region, and also to a spuricus divergence of
the differential conductance dI/dE near ET.2°
A rigid CDW in the opresence of randomly
distributed impurity centers, however, does not
lead to a periodic pinning potential.Z! The
inclusion of the elastic term, Eq. (2), in the
CDW dyonamics does lead to impurity pinning,?
with an appropriate concentration dependence of
the threshold electric field. It also removes
the divergence in the I-V characteristics and
also gives low frequency bread band noisel? in
agreement with the experimental observations in
TaS; and also WbSey. Whether a quantitative
account of these observations is feasible with
2 consistent set of impurity potentials and
elastic constants of the CDW remains to be
seen. Computer simulations for various applied
fields, stiffness parameters, and probably
extensions of the model to three dimensions
would be required for a detailed comparison
between theory and experiment,
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Note added ia proof: Recent broad band noise
experiments on NbSey [J. Richard, P. Monceau,
M. Papoular, and M. Renard, J. Phys. ¢ 15, 7157
(1982)] show the gane qualxtatlve features asg
those reported in this paper.
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