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Abstract

The first observation of non-linear conductivity and broad band noise
associated with the non-linear conduction in monoclinic Tas3 are reported.

The results of broad band noise measurements in NbSe3 are also reported for
camparison.

The number of degrees of freedam for the CTW motion was estimated fram the
analysis of the results of broad band noise measurements. The result
surprisingly indicates that about 101171%/an’ of degrees of freedom exist in
both of monoclinic 'I‘as3, which is semiconducting at low temperatures, and of
NbSe3, which is metallic.
1.Introduction

The transition metal tri-chalcogenide Ta53 is one of the linear chain
conductors. These quasi-one dimensionad conductors show very interesting
properties due to the collective motion of the depinned charge-density-waves
(CDW's) proposed by Frohlich(l) and Lee, Rice, anderson?) .

These properties were originally found in the other member of tri-

chalcogenides, NbSe,. That is, the cbservation of non-linear conduction at

extremely weak field of tens of mV/cm only below the CDW transition

tatperature(3) , and the observation of very large noise only above an onset o

the non-linear conduction(4)’(5), and so on. The recent interest of many ‘

researchers seems to be focused on the phenomena suggesting the existence of

metastable state such as curious responses to short pulses(s)(-]) (8),hysterisis
and switching(g) .
Especially, the low frequency broad band roise seems to be interesting

(10) may reflect the dynamical

because the low frequency broad band noise
mechanism of the CDW motion.

Though the studies of the interesting propegrties of NbSe3 have brought a
lot of fruitful results, we think that the pace of the study for Tas3 was much
slower than that of NbSe3. This may be partly because the sample of TaS, is
finer. However, the main reason is thought to be that it is difficult to
separate two different types of crystal structure in the crystal growth
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(11) (12)

process, that is, one is orthorhambic and another is monoclinic

In particular, as for monoclinic TaSB, few electrical measurements were
made. Two years ago, we observed very strong non-linear conductivity and
large broad band noise associated with this non-linear conduction(w).

Though the crystal structure of monoclinic Tas3 is the same as that of
NbSe3, monoclinic ‘I‘aS3 is semiconducting below the CDW transition temperature
while NbSe3 remains metallic at low temperatures. So we consider that the
monoclinic TaS3 may»be the best candidate to investigate the dynamics of
depinned CDW systems. Orthorhombic TaS, shows a metall- insulator transition
due to the formation of the CIW, too(M}’(ls), and also shows non-linear
conductivity(ls)'u” (18)(19)
later, we have found that the non-linear phenomena in monoclinic TaS

pronounced as campared with orthorhombic one.

and noise phenomena and so on. But as is shown

3 are more

In this paper, we report the experimental results of the measurements of
non-linear conductivity and broad band noise of monoclinic 'I‘as3, and the
results of broad band noise measurements of NbSe3 were also reported for
camparison. Brief discussion of the results will also be made.

2.Experiment T :

Unfortunately, we have not succeeded in obtaining the definite condition
for the growth of monoclinic TaS; yet. But thanks to the valuable suggestion
by Prof.Rouxel, we could obtain relatively good results under the conditions
reported elsewhere(l?’) .

Electrical conductivity measurements has been made using an ordinary
four-probe method, flowing dc continuous current or dc pulse current. Pulse
width was varied from 2psec to 400msec, and the frequency of the pulse was
typically 100Hz.

Broad band noise measurements have been made by detecting the signal
generated at the voltage leads of the sample when only dc current flows
through the specimen. Detection was made by a lock-in amplifier in ac

voltmeter mode after passing through a pre-amplifi=r. The frequency range is
between 1Hz and 100kHz, and the Q value was varied between 20 and 100. The
choice of the Q value did not affect the results at all.
3. Experimental results

Figure 1 shows the temperature dependence of the low field conductivity of
monoclinic TaS3. Two independent peaks at T1=240K and ‘1‘2=160K in the
temperature derivative indicated clearly that this sample is monoclinic,
comparing with the results already reported by Roucau et a1(20) .

By increasing the electric field, non-linear conductivity shown in
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Fig.2(a) can be obtained. The rise of the field dependent conductivity is
more strong than that of orthorhambic Tas3 which is shown in Fig.2(b). Those
non-linear conduction can be cbserved only below the CDW transition
temperature T1 . .

A definite threshold field E’I‘ exists in the non-ohmic conductivity at each
temperature. This can also be confirmed more clealy by measureing the
differential resistivity (Fig.3). Below T,, at first E‘I‘ decreases with-
decreasing temperature and shows a minimum of about 80mV/cm at about 140K,
then E‘I‘ increases with further decreas:.ng temperature. This behavior of the
tanperature dependence of EI‘ in monoclinic Tas3 resembles that in NbSe3(5)
very much. At each temperature, high field conductivity seems to approach
the ohmic value at the roam temperature. These features of non—ochmic
conduct:.on are reproducible.

Accampanied by the non-linear conduction, large noise is observed. As is
observed in NbSeB, this noise also consists of both narrow band noise and
broad band noise, and we have made both narrow and broad band noise

measurements.

' As- for the narrow band noise, the linear relation between the
chéracte_ristic frequency and the current carried by the CDW was obtained as in |
the case of NbSe (21), and using the elementary relation(zn(zm
density condensed into the CDW is estimated as n; =1. 7x10 /cm .

But we believe that the low frequency broad band noise may be a more
important clue to the depinning mechanisms of the CDOW's. Figure 4 shows the
example of the current dependence of broad band noise in monoclinic TaS3.
With increasing the current, noise suddenly appeared at the threshold of
non-linear conduction, and after having a maximum just above the threshold
'field, the magnitude of the noise became almost independent of the current.
The current which giwves the maximum is almost independent of the frequency.
This fact indicates that this peak does not originate fram narrow band noise.
Qualitatively similar behavior was obtained at other temperatures, but the
shape of the curve becames broader at 95K. At 80K, the magnitude of the noise
is so large. Comparing with the thermal noise at the same temperature, this

., the carrier

noise is 108 times larger at 500Hz.

When the value of current was fixed at the peak position in order to
measure the frequency dependence of broad band noise, as is shown in Fig.5, a’
1/f spectrum can be obtained at each temperature. Even if we fix the current
at other position, we also obtained the 1/f spectrum. The power of noise
strongly increases with decreasing temperature.
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Up to now, the origin of low-frequency broad band noise is not clarified.
Before we further discuss this problem, it seems better that the experimental
results of the broad band noise measurements in NbSe3 are shown.

As for the broad band noise in NbSe3, Richard et al(23) have already
reported the following results in the last year.

1) They found that the noise power is proportional to the length of the
sample. So they concluded that this broad band noise should not be a contact
effect, and that noise generators are statistically independently distributed.

2) The frequency dependence of noise obeys a 1/f law, more precisely, f—0.8’

We also performed the same measurements for NbSe3 as was made in
menoclinic TaS3. Since NbSe3 is metallic even at low temperatures, it is
possible to estimate the purity of samples by the residual resistivity ratio
RRR as the parameter. So we can get the information on the purity dependence
of broad band noise.

Table 1 is the list of the samples used by us. We summarize our results
of the broad band noise measurements for NbSe3. ‘

1) In the temperature range above 47K, the current dependence of noise is
almost similar to that observed in monoclinic TaS3. That is, after having a
maximum just above the threshold, the magnitude of noise decreases and becomes
almost independent of the current(Fig.6(a)).

2) The height of the maximum value of the noise beccmes temperature
independent above 47K. At low temperatures, different behavior is observed.
The magnitude of the noise has a tail to the lower field side below the
threshold, and becames a monotonically increasing function of the field in the
measured field range(Fig.6(b)). ' '

3) The frequency spectrum is £ 2. The value of a is ranged between 0.8 to
1.2. The value of a does not depend on the temgerature and the current either.
This frequency dependence is in good agreement with the result of Richard et
al.

4) We have made the same measurémerts in many samples with different purity,
but systematic difference in the magnitude of the noise is not found among
these samples. That is, the current fluctuation <(AI)2> at the peak position,
which is obtained from the experimental data by the procedure shown later,
does not depend on the temperature above 47K (Fig.7) nor *he RRR value

(Fig.8).

4. Discussion -

Several models for the low-frequency broad band noise were proposed up to

now. That is, the effect due to the internal deformation in the moving CDW
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(19), the beat among many CDW domains which

generates the oscillating current whose frequency is slightly different from.
(23),and the effect which takes place when the transformation from

condensed carrier to normal carrier takes place(24) . But there is no complete

with a constant velocity Vg
each other

explanation. If we focus on the number of degrees of freedom of the CDW
motion, there seem to be two view points which seem to oppose each other. COne
is to regard that the CDW moves as a single deformable domain, that is, the
degree of freedom of the motion is only one. The ground for this idea is the
observation of coherent current oscillation in real time(e)(ZS) . Ancther is-
to consider the excess current to be carried by many degrees of freedam of the
motion. When we consider the problem of broad band noise, we take the latter
view point, because we think that the low frequency broad band noise cannot be
generated by only a single degree of freedom. As is shown above, the magnitude
of broad band noise is largest near the threshold field E‘I‘ In this field
region, the statistical fluctuation of the depinning motion of each CDW domain
may be remarkable. If we assume each domain can be depined with the depinning
probability P, which is an increasing function of the electric field, then the
relative fluctuation of the current carried by the CDW is represented as
follows.

<aD) %> /I P=(1/N) (1-8/P)
where N is the density of the number of degrees of freedom of the motion, V is
the volume of the sample. Using this equation, we can estimated the value of
N. On estimating the value <(AI)2>, we integrated the spectrum of our broad
band noise, using Wiener-Kintchine's theorem with some assumptions(%) . The
estimated value of N is almost 1011—1?/m3' that is, 10> in the sample for
monoclinic Tas3.

If we carry out the same procedure for the results in NbSe3, the value of
103—4 in the sample is obtained. This we lue does not seem to depend on the
temperature nor the RRR value. That is, slthough the magnitude of the voltage
fluctuation is very different between the two materials, the number of degrees
of freedom is almost of the same order of magnitude between the two. This
surprising result obtained for semiconducting monoclinic TaS3 and r_netallic :
t\IbSe3 may be consistent with other similarities in the CDW properties. More
explicitly, -

1) Both undergo two independent incommensurate CDW transitions.
2) Below the CDW transition temperature, both show non-ohmic conduction with a
definite threshold field ET At low temperatures, the threshold field for the

non-linear conductivity increases with decreasing temperature, after having a
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minimum at about T=O.9x1‘2.
3)Both show narrow band noise. The density of the condensed carrier estimated
fram the narrow band noise spectrum is of the same orders of magnitude,
102Y /.

But the most difficult point for this model is how to reconcile with the .
explanation for the cbservation of current oscillation in real time.
Moreover, no satiafactory explanation has been given for the 1/f spectrum.
Ordinary 1/f noise in other systems has been explained as due to an effect in -
(27). But the 1/f noise in NbSe3 and TaS3 is an effect
in the non-equilibrium state. So this 1/f noise is essentially different from

the ordinary 1/f noise cbserved so far in other systems.

the equilibrium state

References

1) H.Frohlich; Proc.Roy.Soc.London A223(1954)296.

2) P.A.Lee,T.M.Rice and P.W.Anderson; Solid State Commun.l14(1973)703.

3) P.Monceau,N.P.Ong and A.M.Portis; Phys.Rev.B37(1976)602.

4) R.M.Fleming and C.C.Grimes; Phys.Rev.lett.42(1979)1423.

5) R.M.Fleming; Phys.Rev.B22(1980)5606. ’

6) J.W.Brill,N.P.Ong,J.C.Eckert and J.W.Savage; Phys.Rev.B23(1981)1517.

7) J.C.Gill; Solid State Commun.39(1981)1203.

8) R.M.Fleming; Solid State Commun.43(1982)167.

9) A.Zettl and G.Gruner; Phys.Rev.B26(1982)2298.

10) The term "broad band noise" seems to have been used in two meanings.
One literaly means "the noise that is distributed over the wide frequency -
range", and another is "the low-frequency noise"”. In this paper, we use
the term "broad band noise" in the latter sence.

11) E.Bjerkelund, A.Kjekshus; Z.Anorg.Alls.Chem.328(1964)235.

12) A.Meerschaut,J.Rouxel,P.Haen,P.Monceau and M.Nunez-Regueiro; J.Physique
Lett.40(1979)L-157. - “ |

13) K.Hasegawa,A.Maeda,S.Uchida and S.Tanaka; Solid State Commun.44(1982)
881.

14) T.Sambongi,K.Tsutsumi,Y.Shiozaki,M.Yamamoto,K.Yamaya and Y.Abe; Solid - -
State Commun.22(1977)729.

15) E.Bjerkelund,J.H.Fermor and A.Kjekshus; Acta.Chem.Scand.20(1966)1836.

16) T.Takoshima,M.Ido,K.Tsutsumi,T.Sambongi,S.Honma,K.Yamaya and Y.Abe; Solid
State Commun.35(1980)911.

17) A.H.Thompson,A.Zettl and G.Gruner; Phys.Rev.lett.47(1981)64.

-133-



18) G.Gruner,A.Zettl,W.G.Clark and A.H.Thawpson; Phys.Rev.B23(1981)6813.

19) A.Zettl and G.Gruner; Solid State Commun.46(1983)29.

20) C.Roucau,R.Ayroles,P.Monceau,L.Guemas,A.Mearschaut and J.Rouxel; Phys.
Status Solidi(a)62(1980)483.

21) P.Monceau,J.Richard and M.Renard; Phys.Rev.Lett.45(1980)43.

22) G.Gruner ,A.Zawadovski and P.M.Chaikin; Phys.Rev.Lett.46(1981)511.

23) J.Richard,P.Monceau,M.Papoular and M.Renard; J.Phys.Cl5(1982)7157.

24) M.Papoular; Phys.Rev.B25(1982)7856. )

25) J.Bardeen,E.Ben~Jacob,A.Zettl and G.Gruner;Phys.Rev.Lett.49(1982)493.

26) A.Maeda,M.Naito and S.Tanaka; Solid State Commun.47(1983)1001.

27) R.Voss and J.Clarke; Phys.Rev.lett.36(1976)42.

qu3 6-02 (monoclinic)

- H

S !

~ .: L

b ] : X TaSy -02omorecwruc)

bl : t

Ea : I S

= - 3 -

=z \ s162Ks{

s & H

3 AE

g W -

o -—

o Tl =

-] $ S

bt . .

N 2

o 2

E -

3 A\

g o
el
o
o

‘0 1 1 1 1
100 150 200 250
Temperature (K)

Figure 1 The temperature dependence of the normalized conductivity of
monoclinic TaS3, together with the temperature derivative. The inset shows
the Arrhenius plot of the same sample.
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Figure 2 The electric field dependence of the conductivity of monoclinic
‘I'as3((a)) and that of orthorhombic TaS3((b))_.
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Figure 3 The electric field dependence of the differential resistance of
monoclinic TaS3, together with the I-V curve.
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Figure 4 Broadbandnoiseofmnoclix:icTaS3asafﬁnctionofttxecurretxt
through the sample. A sharp increase in the noise is observed at the current

corresponding to the threshold of the non-ohmic conduction.
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Figure 5 The frequency dependence of the noise of meonoclinic Tas3..
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No. RRR length:L cross section:A volume:V

304  1s8 0.21 em 4.0x10”7 cm? 8.4x10™° em®
305 218 0.26 1.1 2.9
406 127 0.25 1.7 4.4
407 221 0.23 3.3 8.4
509 54 0.11 1.9 3.8
s10 137 0.16 0.72 1.1
611 83.9 0.18 1.0 1.8
612 89.4 0.17 1.8 3.1
613 86.8 u.12 1.1 1.3
314 133 0.17 1.2 2.0

Table 1 The list of the NbSe.3 samples used for broad band noise measurement.

(ViH)
xt0*
NbSe 407
st 47.5K
. S00Hz
._5' N
H .
[ ,' .
- L Y
@ £ =
2- L4 « * o
oL : Tee 4 v e
0 L . "
0 as 10 5 {mA)
Current
e .
i@
NbSe,407 o
25t S00Hz .
37K .
hm ..
1Sk .
a
b) -
210 -
z o
ast e
0g as 10 15 mA
Current

Figure 6 The current dependence of broad band noise of NbSe3. Figure(b) is
the data at 37K. The threshold current at this temperature obtained from the

results of the ordinary conductivity measurements is 0.95mA.
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Figure 7 The temperature dependence of the fluctuation of the current <(AI)2>
in NbSe3. <(AI)2> is obtained by the integration of the experimental results,
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Figqure 8 The comparison of the fluctuation of the current < (AI)2> among

The results for TaS., are also shown.

samples with different purity. 3
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