Scanning Tunneling Spectroscopy of 1T-TaS, between 300 K and 40 K
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We have used scanning tunneling spectroscopy to measure temperature dependent tunneling spectra of 17'-
TaSs from room temperature to ~ 40 K. An abrupt transition from the charge-density-wave induced broad
depletion to an opening of a deep pseudo gap was observed within ~ 1 K of the nearly commensurate to
commensurate transition temperature. This pseudo gap was deep enough to form localized states at the
Fermi level. Our tunneling results therefore suggest, in contrast to inverse photoelectron spectroscopy, that
the band splitting of the Ta 5d band is due to the electron correlation effect.

1. INTRODUCTION

17-TaSs has a complex charge-density-wave
(CDW) phase diagram. An abrupt change of phys-
ical properties at the nearly commensurate (NC) to
commensurate (C) CDW transition occurs at ~190 K
[1], and is interpreted as a Mott transition [2]. Pho-
toelectron Spectroscopy (PES)[3] and Inverse Pho-
toelectron Spectroscopy (IPES)[4] have been used to
study the Density of States (DOS) near the Fermi
level (Er) at this transition. The PES study shows
an opening of a deep pseudo gap atErp. The TPES
study do not reveal any change, suggesting that the
gap opens only below Ef and that Ep is pinned at
the lowest unoccupied band. Spectroscopy of 17-
TaSs by macroscopic tunneling shows a gradually
increasing CDW gap with no change at the NC-
C transition[5]. We present a temperature depen-
dent Scanning Tunneling Spectroscopy (STS) study,
which showed an abrupt transition from the CDW
induced depletion to an opening of a deep pseudo
gap near Ep at the NC-C transition. This pseudo
gap was deep enough to form localized states at Fy.

2. EXPERIMENTAL DETAILS

The sample was cleaved in air and set into a com-
mercial variable temperature ultrahigh vacaum STM
(Omicron Vakuumphysik GmbH) equipped with a
He flow cryostat. Pressure was below 8 x 10~ 'mbar.
Electrochemically etched W tips were used. We mea-
sured tunneling spectra in a 11 x 11 array over a

200 Ax200 A area and averaged these spectra for
each temperature to improve the signal to noise ra-
tio.

3. RESULTS AND DISCUSSION

A resistivity measurement of our sample showed
that the NC-C transition occurs around 187 K during
cooling, and that an unbounded increase of resistiv-
ity starts below 50 K. Above 187.7 K, our tunneling
spectra showed a broad opening of the CDW gap, see
Fig 1. The CDW driven band splitting of the Ta 5d
band, which is found in high resolution PES was not
clear in our spectra[3]. This might reflect that STS
represent Fermi surface averaged spectra and is more
related to angle integrated PES than angle resolved
PES. Between 187.7 K and 186.6 K, the DOS at Ep
dropped drastically, but remained finite, indicating
a pseudo gap. Simultaneously a peak structure ap-
peared at -0.25 V in the occupied band. By further
decreasing the temperature, a small but clear gap
structure in the unoccupied band appeared at 0.20
V, and the gap structure at -0.25 V increased and
widened slightly.

Comparing our tunneling results with earlier PES
spectra, the sharp peak in the occupied band can
be interpreted as representing the lower Hubbard
band[3]. We can then explain the peak structure
in the unoccupied band as the upper Hubbard band.
This gap structure is observed in an earlier tunnel-
ing experiment at 77 K[6]. Using our spectra we
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Figure 1: Tunneling spectra at different tempera-
tures. Vpias = 0.3 V and liunner = 0.75 nA. Small

horizontal bars represent zeros for each dI/dV curve.

estimate the pseudo gap to 0.45 eV-0.5 eV, which is
consistent with an optical measurement at 80 K[7].
The normalized zero-bias conductance, Fig 2, is a
rough measure of the thermally smeared DOS at the
Fermi level, N(Er). This shows that the ten fold in-
crease of resistivity at the NC-C transition is caused
by the drop of N(EF), and not by the decrease of mo-
bility. If the pseudo gap is deep enough the DOS in
the gap should be localized. Mott’s criterion for An-
derson localiztion reads g=N(Er)/N(EF)free ~ 0.3,
where N(Ep)sree is the free electron value of N(Fy).
If we assume that N(Ep)see is equivalent to N(Zy)
before the transition, although it might be under-
estimated because of CDW depletion, we can from
the data in Fig 2 roughly estimate g~ 0.23 below
the transition. Hence N(Ep) should then be local-
ized. The weak metallic character between 180 K
and 60 K can be explained by excitation of carriers
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Figure 2: Temperature dependence of the normalized
zero-bias conductance, which is a rough measure of
DOS at Er. Inset: Temperature dependent resistiv-
ity of our 17-TaS, crystal.

to the mobility edge, in line with Mott’s idea[8], and
the unbounded increase of resistivity below 50 K is
explained as thermally activated hopping processes.

4. CONCLUSIONS

Our STS study showed an abrupt appearance of
a pseudo gap at Fr below the NC-C transition tem-
perature. The measured pseudo gap turned out to
be deep enough to form localized states at EFr. This
indicates a splitting of the Ta 5d band due to the
electron correlation effect rather than the pinning of
Fy as suggested by the IPES study.
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