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The microwave conductivity of TaS3 and NbS, have been
measured, In both compounds the conductivity at 9.8
GHz shows very large enhancement over the dc value.

A brief discussion based on contributions from charge-
density-wave oscillation is given for TaS3. The Hall
effect at room timperature for TaS3 is found to be
IRyl = 6.3 x 10-% ¢/m3. This corresponds to a carrier
density of 1 x 1022 cm=3 and a mobility of 2 cm2/vs.

A comparison with the figure obtained from conduction
noise measurements will be made,

MICROWAVE CONDUCTIVITY

High frequency measurements of the conductivity of the
trichalcogenides have proved very powerful in revealing the
contributio?s of the oscillating charge-density-wave (CDW)
condensate.! We have performed measurements of the complex
dielectric constant of TaS3 and NbS; at 9.8 GHz from 4K _to
300K using the well-known cavity perturbation equations

for high conductivity samples.

In Fig. 1 the conductivity at 9.8 GHz is compared with
the dc for two samples of TaS3. It is clear that below the
transition at 210K there is a very large enhancement over
the dc value. This enhancement grows with decreasing

*present address: Physics Department, Harvey Mudd College,
Pomona, CA.
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FIGURE 1 The conductivity of TaS3 at 9.8 GHz (circles)
and dc (squares). Solid (open) circles refer to Sample 1

temperature till it attains a factor of 250 at 30K, The

dielectric constant (not shown) increases approximately

;inearly with temperature and is of the order 250,000 at
00K,

Tantalum trisulphide has been shown3 to occur in two
polytypes (orthorhombic and monoclinic). In the orthor-
hombic structure a metal insulator transition occurs® at
~ 210K. The charge-density-waves in neighbouring chains
become locked in phase at this temperature and the dc
conductivity decreases exponentially below 210K. In the
monoclinic structure two phase tr%nsitions occur with the
formation of incommensurate CDWs.” The situation is simi-
lar to that of NbSej which also has a very similar crystal
structure., On the basis of our dc measurements we have
observed only one phase transition in our samples and
therefore identify our samples as orthorhombic.

Aside from the large enhancement of the 9,8 GHz
conductivity over the dc value the most interesting feature
of the microwave conductivity is the flat temperature
dependence above 200K, In the dc data (measured on the
same samples) fluctuations into the CDW state are
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pronounced and extend to temperatures 60K above the Peierls
transition temperature Tp. (This is due to the more quasi-
one dimensional structure as compared with NbSej.) These
fluctuations lead to a large enhancement of the dc resisti-
vity well above T,. (Above 260K the resistivity in our
samples is almost temperature independent.) In sharp
contrast, the microwave conductivity remains temperature
independent until a few Kelvin below T,, where it begins to
decrease gradually. Thus, the high frequency conductivity
is unaffected by the uncorrelated one-dimensional fluctu-
ations into the CDW state. At present it is not known if
the excess 9.8 GHz conductivity is due to the driven oscil-
lation of the CDW condensate about pinning centers or due
to the actual sliding of the uncorrelated one-dimensional
fluctuations, The study of COW transport and interaction
of the condensate with rf fields will be very fruitful near
Tp in TaSj3.

Figure 2 shows the microwave conductivity and dielec-
tric constant of NbS3 as a function of temperature. As in
TaS3 a very large enhancement over the dc value is observed
in the 9.8 GHz conductivity. We have plotted both the
9.8 GHz and dc conductivity data normalized to the room
temperature value. However, the observed absolute value a
9.8 GHz at 300K is 1000 (Q cm)~! compared with 200 (Q cm)~
for the dc. Thus the enhancement factor is larger than
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FIGURE 2 The conductivity (solid circles) and dielectric
constant (triangles) of NbS3 at 9.8 GHz. The dc conduc-
tivity is also shown (open circles).
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suggested by Fig. 2. The rather large value for the real
part of the dielectric constant €, (50,000 at 100K) is
quite surprising and suggests a strong parallel with the
tantalum compound. (The detailed temperature variation of
e, is sensitive to the choice of the filling factor o in
the cavity perturbation equations. However, reasonable
choices of o all give a value of ¢, exceeding 10,000. We
have adopted a uniform criterion for determining o based on
the depolarization peak in the loss data. A detailed
discussion of this point will be provided fn a forthcoming
full report of these experiments.)

The phase diagram of the Nb-S system is quite complii-
cated. Crystals of stoichiometry NbS2, NE3S4’ Nb;,,S and
NbS3 have been obtained by various groups®. The ir*su}-
phige NbS3 has been reported by Rijnsdorp and Jellinek/ to
have a structure very close to the monoclinic form of
IrSez. The main difference from the ZrSej structure is in
the existence of a slight modulation which doubles the unit
cell in the chain (b) direction. Again on the basis of our
dc conductivity we tentatively identify our samples with
the dimerized form.

Because of the enormous value of the dielectric
constant and the enhanced microwave conductivity we argue
that the dimerization is a periodic lattice distortion
stabilized by a charge-density-wave. Such a large polariz-
ability is consistant with a weakly pinned electron-phonon
condensate. (The commensurability of the presumed CDW in
NbS3 would imply that pinning to the host is orders of
magnitude stronger than for the incommensurate CDWs in
NbSe;. Nonetheless it is still sufficiently polarizable
to g?ve the large observed values of € ..) The presence of
a periodic lattice distortion and the large polarizability
at 9.8 GHz make the case for a CDW compelling in NbS3. A
test for this hypothesis will be provided by alloying with
a group IV element or by intercalation (changing the Fermi
wave vector.) 8

Non-Ohmicity in TaS3 was flrst reported” by Sambongi's
group. Recently Thompson et al” reported the observation
in TaS3 of a threshold field Ey beyond which non-Ohmicity
takes.place. Conduction noiia was observed in the non-
Ohmic regime by Griiner et al*" and strong frequency
dependence of the conductivity was also observedll, We
have also performed non-Ohmic measurements on our samples
of TaS3 using pulses of widths under 1 us. Our 1-V curves
are similar to those reported by Sambongi's group. No
evidence of threshold field was observed in our samples.
At present the question of whether the observations of a
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threshold field and conduction noise are associated with
the monoclinic phase (where the CDW's are incommensurate)
or with the orthorhombic phase remains open, and more
investigations are necessary. No non-Ohmicity at room
temperature was observed in NbS3 up to fields exceeding
300 V/cm, aside from a smooth quadratic increase in the
conductivity which was ascribed to self-heating.

HALL EFFECT

Turning to the Hall effect we felt that it is important to
make comparisons in the case of TaS3 because of the slight
controversy surrounding the Hall measurements in NbSez and
the noise measurements of Monceau et allZ (from which™a
condensate density can be extracted). Since the transition
to the insulating state is complete in TaS3 and the aniso-
tropy (~ 150) 1s not excessively large only one kind of
carrier exists above T, (210K). The measured Hall constant
Ry gives directly the gondensate density. (In NbSe3 the
interpretation is complicated by two transitions and the
presence of surviving pockets of electrons and holes.)l13

The small transverse dimension of our samples (3mm x
45um x 3um) presented serfous difficulties with two Hall
leads. Consequently we dropped one Hall Tead and adopted
an ac bri?ae method (see inset Fig. 3). This three probe
technique*™ more fully exploits lock-in methods because of
the lack of an IR drop due to Tead misalignment. The
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FIGURE 3 The Hall signal of TaS3. The excitation current
is 1 mA. Different sweep directions (arrows) indicate no
hysteresis. Inset is the three-probe bridge used.
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in-phase voltage is proportional to the Hall constant. Our
measurements shog that [Ry| = 6.3 x 104 c/cm3 correspon-
ding to 1.0 x 1042 carriers/cm3. The sign of Ry was not
determined. Also the tenuous nature of the silver paint
contact precluded Tow temperature readings. The measured
room temperature cgnductivity fs 3400 (2 cm)-1.

Grilner et al-Y have observed s1iding CDW noise in TaSg
and by plotting noise frequency versus the C?y contribution
to the current Icpw (following Toncegu et ali¢) they report
a value for n_ equal to 2 x 1021 cm=3. Thus the agreement
between the H§11 result and the noise is satisfactory
(bearing in mind that the crystals may belong to different
morphologies).

This high carrier density implies a mobility of only
~ 2 cm“/vs a fact which explains the flat variation of
resistivity with temperature above 210K. The electron gas
is so strongly scattered that further scattering by phonons
causes no degradation in the conductivity. It is somewhat
surprising that such a smeared out Fermi surface can
Zupport a Peierls instability at the high temperature of

10K,
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G. Griiner, M. Ido, Pat Lee, P. Monceau, Alan Portis and
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reported at the March Meeting of the American Physical
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