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We report a study of dc transport properties up to 600 K and of the optical response over a broad
spectral range of the two-dimensional (2D) dichalcogegileTaSe. Our findings suggest a dynamics
of the charge excitation spectrum dominated by two relevant features: a Drude contribution, which
narrows with decreasing temperature, and a broad pseudogaplike feature in the midinfrared range,
which is present at all temperatures below 300 K. The implications of these results with respect to
the charge-density-wave phase transition at 122 K and more generally for the excitation spectrum
of 2D correlated systems, e.g., the high temperature superconducting cuprates, will be addressed.
[S0031-9007(98)06527-2]

PACS numbers: 78.20.—e, 71.45.Lr

The understanding of the physical properties of two-far-infrared (FIR) spectral range (i.€0.04 < w < 5 eV)
dimensional (2D) correlated systems recently regained [8] suggested a weak gap structure with threshold near
lot of importance, because of the discovery of the high-0.25 eV, indicating moreover tha#/-TaSe retains most
temperature superconducting cuprates. This is mainly besf its metallic bands, with gaps opening over a rather
cause of the variety of correlations acting and of therestricted region iy space [8].
instabilities occurring in 2D systems. The 2D layered The main motivation is related to the possibility that
transition-metal dichalcogenides (like, e.§7;-TaS and 2H-TaSe could serve as a model system for understand-
2H-TaSe) are relatively simple and nhonmagnetic systemsng the still puzzling data of other (2D) highly correlated
which exhibit a range of charge-density-wave (CDW) tran-electronic systems, such as the hihsuperconducting
sitions [1]. The pronounced quasi-2D nature of the cryscuprates (HTSC). For this purpogd/-TaSe is indeed an
tallographic structure leads to strongly anisotropic physicaéxcellent material, because it shares many physical proper-
properties and approximately cylindrical Fermi surfacesties with HTSC: like the layered-like structure and quali-
Obviously, the Fermi surface-driven instabilities are gen+atively similar resistivity (see below) and susceptibility
erally weaker in 2D than in 1D systems. In this latter case[1,9]. Our optical data reveal the progressive formation
the instability induced by the Peierls transition [2,3] re-of a narrow Drude-like mode in FIR by loweriribelow
flects a strong enhancement of the static electronic susceps " and a pseudogaplike feature which appears at any
tibility, which develops at selected wave vectors spanningemperatures below 300 K, implying that early interpreta-
the Fermi surface (i.e., the so-called Fermi surface nestintjon [8] of the excitation spectrum must be revisited.
at ¢ = 2kgr). Nevertheless, under particular nesting con- The 2H-TaSe sample was prepared from the ele-
ditions, or as a result of saddle-point singularities [4], thements by a reversible chemical reaction with iodine as
electronic susceptibility can be sufficiently enhanced evem transport agent [10], and has the form of a platelet of
in 2D for a CDW to develop. At variance with the 1D approximately 3.5 X 2.5 mn?. Figure 1 displays the
case, however, 2D materials remain metallic in the prestemperature dependence of the resistivityI) up to
ence of the CDW, since energy gaps can open only @00 K, which was measured with the conventional four
discrete points of the Fermi surface. Moreover, quasi-20point contacts method and which agrees with previous
systems should not present the peculiar 1D spectroscopiesults [1]. The inset in Fig. 1 shows an enlargement of

properties (like, e.g., photoemission and optics [5,6]), forp(T) around7{ PV and 75°V. The major features are
which a possible Luttinger liquid (or marginal Fermi lig- the weak change of slope around 300 K and the sudden
uid) scenario has been suggested [7]. drop of p(T) at the normal-incommensurate CDW phase

In this Letter, we report our investigation of the transition around 120 K, while the incommensurate-
dynamics of the charge excitation spectrum as well as ofommensurate CDW transition at 90 K is barely
the transport properties dfH-TaSe, which undergoes observable. The absence of a well defined increase of
a second-order transition to an incommensurate triple(7) at 7PV would suggest a scenario where the Fermi
CDW at TPV = 122 K, followed by a first-order lock- surface and consequently the charge excitation spectrum
in transition to a3 X 3 commensurate phase Bt®Y =  are little affected by the transition. Equivalently, the
90 K [1]. First optical investigation performed above the transport data indicate that the scattering rate seems to be
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FIG. 1. Temperature dependence of the resistiityf’) of 'g
2H-TaSe up to 600 K, scaled with the temperature dependence & 2104} Y

of the Drude scattering rate (see text) below 300 K. The
inset displays an enlargement pf7) around the two CDW

phase transitions (arrows), pointing out the corresponding weak
anomalies in the transport properties. 1-10*

)

strongly reduced below 120 K, because of the freezing 0 P,
out of scattering channels. 103 102 10'1 100 10!
The electrodynamic response has been achieved by Photon Energy [eV]

measuring_the reflectivitk () along the 2D layer planes FIG. 2. (a) Reflectivity and (b) real part of the optical conduc-
as a function of temperaturd0 = 7 = 300 K) over a ity of 2H-TaSe at relevant temperatures below and above

broad spectral rang@ meV = w = 12 eV) by applying  the CDW phase transitions at°°¥ and 75°V, respectively.
several spectrometers. This considerably extends thehe insets display an enlargement of the frequency range be-

previously measured spectral range [8], allowing for alow 0.7 and 0.2 eV foR(w) ando(w), respectively.

reliable application of the Kramers-Kronig transformation

in order to obtain the complex optical conductivity

o(w) = o(w) + ioy(w) [11]. lar its dc limit (i.e., o — 0) agree with the trend of the
Figure 2 present®(w) and the real partr;(w) of the  transport properties. The onset of the commensurate phase

optical conductivity at relevant temperatures above and bdransition atTs®V leaves the excitation spectrum as well

low the corresponding incommensurate and commensurags the transport and thermodynamic [1] properties almost

CDW phase transitions. By lowering the temperature andinaffected.

by crossing the respective phase transitions we do not ob- Several features of our findings are also of importance

serve any sharp changes in the optical spectra but rathenmdth regard to recent experiments and thoughts about the

continuous evolution which can be summarized as followsnature of the effect of correlations and reduced dimen-

Below the visible spectral range (w) is characterized at sionality in this material. First of all, from the width of

all temperatures by a broad midinfrared (MIR) absorptiorthe narrow Drude-like mode at low frequencies one can

overlapped to a low frequency Drude-like contribution (seeestimate the scattering raté’)( of the free charge car-

below). By lowering the temperature from 300 K there isriers effectively involved in the metallic contribution of

a redistribution of the spectral weight among the two com-o1(w). This could be also obtained by applying the phe-

ponents accompanied by a progressive narrowing of theomenological Lorentz-Drude model [12]. Details of the

Drude resonance in the FIR range. The broad maximurfit procedure will be presented elsewhere. The temperature

of the MIR absorption slightly shifts towards higher fre- dependence of’ below 300 K, normalized tgp(T), is

guency (i.e., from approximately 0.07 up to 0.08 eV) be-shown in Fig. 1, which highlights the sudden decrease of

tween 300 and 80 K and in a somehow more pronouncethe (Drude) scattering rate beldfif °V. The immediate

way [i.e., at about 0.15 eV at 10 K; see inset of Fig. 2(b)]conclusion is that both the transport and optical properties

below 80 K. The overall behavior af,(w) and particu- are the consequence of the freezing out of the scattering
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channels. Second, our optical results do not display angendent spectral weight of the low frequency Drude-like
clear signature of a CDW-gap feature, developing in cometallic contribution ino(w).
incidence with the onset of the CDW phase transition. Barker et al. anticipated that a narrow Drude with an
This is in clear contrast with respect to the conclusion aranomalously low and very temperature dependent scat-
rived at by Barkeet al. [8]. With anad hocinterpolation  tering should develop at low frequencies (i.e., @t<
procedure, they were able to artificially subtract the high0.01 eV, below the measured spectral range in Ref. [8]),
temperature optical conductivity (considered here as backecause their spectra did not extrapolate towards the mea-
ground) from the low temperature one (i.eTak T5 °").  sured dc value [8]; a guess which is now confirmed by our
Such an analysis led to a gaplike absorption (i.e., a CDWnheasurement in FIR [Fig. 2(b)]. Barket al. also en-
Peierls gap) peaked at approximately 0.3 eV (an order ofisaged the interesting possibility that the low frequency
magnitude larger, however, than the valud 652k TPV  (Drude) spectral weight is associated with a sliding-CDW
estimated within the mean-field BCS theory). Aroundmode [8]. On the contrary, we believe that the scaling
0.3 eV our spectra are temperature independent and do nsttweenI” and p(7T) (Fig. 1) indicates the suppression
give evidence for any gaplike feature. Instead, there is af the scattering channels associated;teectors of the
slight shift of spectral weight from energies around 0.07 taFermi surface’s pockets involved in the CDW condensate.
about 0.15 eV upon lowering the temperature. Neverthe- The optical conductivity of several quasi-one-
less, the mode strength of the MIR absorption remains cordimensional systems, like, e.g., (KMoO; with
stant. Basically, it is the high frequency tail of the DrudeTcpw ~ 180 K, is characterized atl' > Tcpw by a
response which shifts to lower frequencies because of itgsseudogaplike feature at about 0.2 eV, which develops
narrowing. Moreover, the MIR absorption in our spectrain a true CDW gap belowIcpw, and by a narrow
persists up to temperature larger thBn°" . It is worth  (Drude-like) mode centered at zero frequency [15]. This
noting that the data of Barket al. did not extend below was suggested to be the consequence of fluctuation effects
the midinfrared range. Therefore, we might speculate thawvhere the formation of short range CDW segments
the disagreement between ours and Barker’'s data, as ferads to a partial gapping of the Fermi surface and to
as the gap is concerned, could be ascribed to the limitethe so-called low frequency (i.e., narrow Drude term)
frequency range investigated in Ref. [8]. paraconductivity contribution abov&-pw [15]. Such
Several other experiments addressed the problem ¢iD) fluctuation effects are supposed to develop in the
possible evidence for the Peierls gap due to the formatemperature range between the mean-field temperature
tion of the CDW condensate but contrasting estimate§'yr (~600 K for Ky3MoO;) and Tcpw, the critical
have been presented. Here, we quote a few photoemigemperature for the 3D Peierls transition. Also the 1D
sion results [13,14]. Both Dardet al's and Liuet al’'s  organic Bechgaard salts present an excitation spectrum,
work, the latter one with enhanced angle resolution, sugdeviating quite remarkably from a conventional Drude
gest that the Fermi surface is gapped by the CDW phadeehavior [6,11]. Besides a low frequency narrow mode
transitions, yet such a gapping occurs only over a smaltentered at zero frequency,; (w) above the spin density
fraction of the Fermi surface [13,14]. Similar to op- wave (SDW) phase transition temperatdigw is domi-
tics and transport properties, these data are not affectethted by a FIR mode which develops with decreasing
by the incommensurate-commensurate CDW transitiomemperature. It has been ascribed to a charge (Mott)
at 90 K. An estimation of the gap from the measuredcorrelation gap, consistent with the prediction of models
spectral function is quite difficult and possibly beyondassociated to a Tomonaga-Luttinger liquid approach [11].
the resolution of the photoemission technique. Never- There are many common features in the normal state
theless, it was found that spectral intensity is lost aio;(w) of 1D and 2D CDW systems, even though their
20 K at about 0.5 of thd™-K direction in the Brillouin  origin could be different. On the one hand, we can expect
zone, which is accompanied by a transfer of the rethat 2D fluctuation effects associated with short range
moved spectral intensity at higher energies. A gap ofCDW segments are also present2H-TaSe and lead
about 160 meV was inferred [13]. The most recent photo the pseudogap at about 0.07 eV already below 300 K,
toemission data further confirm that in the normal statavhich merges in a partial CDW gap at about 0.15 eV
two Fermi surface crossings alodgK occur and that a below 80 K. This would agree with the photoemission
saddle band lies very close to Fermi levgl for an ex-  estimation. The crossover to a long range ordered CDW
tended region alond-K. In the CDW state, the energy below T°¥ in 2H-TaSe and its lock-in state afs ™"
gap is found to be near zero at the first Fermi surfacdurther suppress the scattering channels, causing the sharp
crossing and large in the saddle band region, in agreemedtop in the resistivity and Drude scattering rate (Fig. 1).
with prediction from the “saddle-point” CDW mecha- On the other hand, the short range CDW segments above
nism by Rice and Scott [4,14]. The small fraction of the 120 K might be considered as objects strongly scattering
Fermi surface involved in the gapping and consequentlyhe free charge carriers. This could suggest a scenario
the small fraction of free charge carriers, which condensevhere the low frequency (i.e., long wavelength limit)
in the CDW, are also confirmed by the temperature indeexcitation spectrum is characterized by a free (Drude-like)
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charge carriers contribution, while at high frequency (i.e.conducting axis (i.e., equivalent to theaxis in HTSC)
short wavelength limit) a local bound state like excitationand of intentionally and controlled doped materials, since
identified with the MIR absorption can develop. The defects and possibly interlayer coupling are supposed to
transport would then be dominated by strong electronhave a strong influence on the 2D electronic properties.
electron scattering, and when the phase space is reducedWe thank J. Miller and H.P. Staub for technical
by the CDW long range ordering, the scattering channelassistance and P. Wachter for his support in providing
are less effective. The strength of the scattering can bmfrastructure related with these experiments. The authors
seen in the fact that although we lose some part of thare indebted to M. Grioni for illuminating discussions.
Fermi surface, the resistivity decreases by 2 orders ofhe work at ETH Zurich and EPF Lausanne benefited
magnitude from 120 down to 4 K. from financial support of the Swiss National Foundation
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