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CHARGE DENSITY WAVE TRANSPORT IN THE PEIERLS DISTORTED STATE
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des, CNRS, BP 166, 38042 Grenoble, France.

**Laboratoire de Physique des Solides, Université de Paris-
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Abstract Charge density wave transport in Ag,30Mo03(A=K, Rb)
is associated with sharp threshold electric fields and noise
voltage including both high (10-100 kHz) and low (~ 1 Hz)
frequencies as well as hysteresis and metastability.

INTRODUCTION

The molybdenum blue bronzes A MoO3 (A=K, Rb) are at 300 K me-

0,30
tallic conductors. This is due to the charge transfer from the

alcaline metal towards the conduction band which would otherwise be
Mo O

empty (as in M003). has been known for more than 10 years

Ko.30%°%
to show a metal to semiconductor transition in the vicinity of

180 K.1 At 300 K, both the electrical conductivity2 and the optical
reflectivity3 show anisotropies which establish that this compound
is a quasi one dimensional metal. This is well accounted for by the
existence in the crystal structure of infinite chains of M006 octa-

hedra along the monoclinic b-axis. »

Further x-ray studies have
shown that the metal to semiconductor transition is a Peierls tran-
sition towards an incommensurate charge density wave (CDW) state,
the b-component of the g-vector being found to be qy, = (0.74 t0.0l)B*
at 110 K.6 In the semiconducting state, detailed studies of the dc
voltage-current characteristics have shown that the conduction is
non linear above a sharp threshold electric field Et'7 Other pro-
perties characteristic of CDW transports, such as quasiperiodic
noise voltage in the frequency range of 10 to 100 kHz have also

been previously reported.
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I - STRUCTURAL DATA

Sato et al. have previously reported that the q, component of the
wave vector increases with decreasing temperature, down to ~ 100 K
and keeps an incommensurate value (0.746) below.10 Fleming et al.
have reported that there is a lock-in transition at ~ 100 K.11

Pouget et al.12 have found by x-ray studies a constant value
of 0.7495 * 0.0005 below 100 K. The low temperature qy, value very
likely depends on the stoechiometry and (or) the purity of the
crystals and may be commensurate in the best samples., It should
also be noted that the 9. component may depend on the applied elec-
tric field above Et’ which may indicate some deformation of the
CDW.13

IT - THRESHOLD BEHAVIOR

Fig. 1 shows typical data for the dc V vs I characteristics. Depen-
ding on the sample and for a given sample on the temperature, three
types of behaviour for the threshold are found. Most samples show

a smooth threshold as shown on Fig. la. Some show a switching from
the Ohmic regime to the non linear one, with voltage pulses in the

Ohmic regime precursor to the switching. Fig1b is characteristic of
a two state system, the crystal "hesitating" for E < E_ between

the two regimes. On Fig. lc is shown a mixed behaviour with a lower

smooth threshold field Etl and a higher sharp one Etz- These results

FIGURE la dc voltage vs
current characteristic of
KO.30M°O3 at 77 K showing a
smooth threshold,

s
HwA)
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FIGURE 1b  V-I curve of K0 30MoO3 showing precursor

pulses and switching.
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FIGURE lc  V-I curve of /
60 E 1
Rb0'30M003 showing a smooth 1
threshold Etl followed by a 3
E
switching at Etz' =
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suggest that the onset of the non 1linear regime 1s related to two
processes : the nucleation of conducting CDW filaments parallel to
the high conductivity axis and the transverse propagation of these
filaments. The effect of electron irradiation induced defects on
the threshold behavior may corroborate this picture.14 The existen-
ce of conducting CDW "canals' has also been proposed recently by

Joos and Murray.15 In this context, one can define two intrinsic
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threshold fields, a nucleation field E P and a propagation field
E¢P. Depending on the relative value of E." and E.P, different be-
haviours may be expected as found experimentally. The data obtained
by Hall and Zettl indicate that in the case of NbSe, both threshold

3
fidlds have different temperature dependences.16

IIT - 'HIGH FREQUENCY' CURRENT OSCILLATIONS

Fig. 2a shous the spectral analysis of the noise voltage. Several
peaks corresponding to a fondamental and several harmonics are
found in the range of 10 to 150 kHz for dc currents larger than the
threshold value. As in NbSe3 and TaSB,
tionnal to the excess CDW current Jrpy (Fig. 2b) . a.c. conductivity

the frequency F is propor-

Ka3MoO, Fs

7K

o sample M60a F.
. v M80

w0
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Frequency (KHz)

FIGURE 2a  Fourier analysis
of the narrow band noise of
Mo0, at 77 K. Threshold

FIGURE 2b Frequencies of
the narrow band noise as a

function of the excess CDW

Xo.301003

current : 130uA. current 8t 77 K for two sam-

ples of K0‘30M003.
measurements are also consistent with this periodic noise.17 F 1is
the so-called washboard frequency ; F = vdlk, where V4 is the
drift velocity of the CDW and A the superlattice period.8 The slo-

pe F/JCDW = 1/neA where n is the concentration of electrons con-
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densed in the CDW 1s therefore expected to be the same for

K0 3OMoO3 and Rb0 30M003. Our results are inconsistent with this
prediction (Fig. 3). The order of magnitude of this slope is also
20,
17K

Rboqslﬁoo3

001 002 003
Jcow (A/cm?)

FIGURE 3  Frequencles of the narrow band noise as a function

of the excess CDW current at 77 K for Rb0 3OMOO3 and
K MoO

0.30 73°

found to be 20 to 200 times larger than the value obtained by assu-
ming that all the conduction electrons are condensed in the CDW and
with A = 4b, These discrepancies might be related to the complica-
ted band structure of the blue bronze, with a doubly orbital dege-
narate conduction band.6 Fig. 4 also shows that in !(0'301\‘1003 this

slope is temperature dependent even at temperatures lower than 80K,

where the Peierls gap should be constant.
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FIGURE 4  Slope JCDW/F1 as a function of temperature,
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IV - 'LOW FREQUENCY' PHENOMENA

Very low frequency (~ 1 Hz) as well as time dependent, hysteresis
and memory phenomena are commonly found in the blue bronzes7’9’18.
They indicate that metastability, very likely related to CDW do-
mains coupled with crystal defects, 1s predominant in these com-
pounds. Fig. 5 shows typical data for low frequency oscillations

found in a V doped K MoO, crystal above the threshold. These

0.307 73
FIGURE 5 Voltage oscilla- J\f\!\f\/\m
tions as a function of time 15'“" 16mA

for a V-doped K

0.30%003 N\N\N\’\]\I\I\Ii\lq\

sample quenched from 300 to PN NANNNANAIN

77 K with an applied dc 12
current I = 5 mA. The molar 1 I\,\N\J\I\W 7
concentration of V205 in W\JQ\I\!\

the melt was 2 Z. The thres- \I\J\/\/\’a\f\

hold current was 3mA. The [ o S Y S o
7

7 A
measuring current is indi- l,m, (
NJ\_’\_N
cated. 6
[~~~ 1
0.5mV 5
_/\_/\J\\
timew I8, 4 ME24

low frequencies f, are also found to be proportional to the excess
CDW current (Fig. 6). The sensitivity of these low frequencies to
the presence of impurities clearly indicate that they are the
consequence of some interaction of the CDW domains (boundaries)

with defects.
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FIGURE 6 Voltage oscillations frequency as a function of

0.30%°03

RbO 30MoO3 quenched from 300 to 77 K with a dc current.

excess CDW current in pure and V-doped K and in
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