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Abstract. The tetrachalcogenides TaTe, and NbTe, provide an excelient model system for
the study of charpge-density wave (cDWw) phenomena in quasi-one-dimensional materials.
TaTe, is commensurately modulated at room-temperature and, upon heating, has been
observed to undergo a commensurate-to-commensurate phase transition at about 450 K. In
this paper, we report an additional commensurate-to-incommensurate transition occurring
above 550 K. Satellite dark-field electron microscopy reveals the presence of defects in the
microstructure of the high-temperature phases including discommensuration arrays in the
incommensurate state. The evolution of the discommensuration arrays during heating and
cooling through the 550 K transition is reported. These results are discussed in relation to
the sequence of phase transitions previously observed for the isostructural incommensurate
compound NbTe, on cocling below room-temperature.

1. Introduction

Over the past several years, experimental and theoretical investigations of the tetra-
chalcopenides TaTe, and NbTe, by a number of researchers have demonstrated that
these compounds constitute a prototypical system for the study of charge-density wave
(cow) modulations. The compounds have a quasi-one-dimensional crystal structure in
which chains of metal atoms are centred within extended cages of Te atoms in square
antiprismatic coordination. The observed lattice distortions, involving mainly longi-
tudinal motions of metal atoms along a chain, correspond to that of the classic cow
model. In addition, the compounds exhibit the full spectrum of possible cow-driven
phase transitions: commensurate-to-incommensurate (C to IC), commensurate-to-com-
mensurate (C to €) and incommensurate-to-incommensurate (1C to IC).

The subcell structures of TaTe, [1] and NbTe, [2] were first reported in the early
1960s as being based on a tetragonal unit cell (figure 1) with axes (a X a x c¢). Relatively
little attention was paid to these compounds, however, until Boswell et af [3] reported
the presence at room-temperature of a (22 X 2a X 3¢) commensurate superstructure for
TaTe,and a (Vﬁa X \/ig X ~16¢) incommensurate modulation structure for NbTe,.
Several subsequent studies confirmed these results (4, 5]. A detailed structural analysis
by Bronsema et af [6] and a high-resolution electron microscopy study by Corbett et al
[7] established the space group of the room-temperature commensurate phase of TaTe,
as P4/ncc, in agreement with the Landau theory study of Walker [8]. Using a superspace
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Figure 1. The tetragonal subcell structure of Figure 2. Schematic representation of the room-
TaTe, and NbTe,. Full circles represent metal temperature modulation structures of TaTe, and
atoms and open circles Te atoms. NbTe, projected along the c-axis. For TaTe,, the

¢pw phasings along the columns are @, = 21/3,
@5 = dn/3and @, = g, = Ogenerating a unit cell
of basal plane dimension 2a X 2a (solid line). For
NbTe,, thecolumn phasingsare g, = @5 = wand
@¢ = p =0 resulting in basal plane unit cell
dimensions of Va2 x V/Za (dashed line).

group description [9], the room-temperature modulation structure of NbTe, was found
to belong to WP{FS¢ by van Smaalen et o/ [10], again in agreement with the predictions
of Walker [8]. A schematic representation of the room-temperature modulation struc-
tures of TaTe, and NbTe, is shown in figure 2. Several studies have also revealed that a
complete range of solids solutions exists for Ta;_ Nb,Te, (0 < x < 1) and several new
incommensurate phases are stabilized at room-temperature [11, 12].

In addition to the room-temperature structures, several other modulated phases
become stable in the TaTe,/NbTe, system upon heating or cooling. These new phases,
and also the nature of the transitions between them, have been observed by electron
diffraction_and electron microscopy in sitw. A high-temperature transition to a
(V2a x V2a x 3c)commensurate phase has been reported by Boswell era/[13] to occur
in TaTe, on heating above 450 K. NbTe, exhibits a lock-in phase transition around 50 K
to a (2a X 2a X 3c) unit cell which is apparently isostructural with room-temperature
TaTe, [3, 4, 14, 15]. In addition, electron diffraction experiments have revealed that
elongated streaks parallel to ¢* have developed into sharp, closely spaced satellite spots
upon cooling NbTe, below about 200 K [16]. The origin of these additional satellites has
been attributed to the presence of a new incommensurate phase with base (2z X 2a)
existing in the temperature range 50 to 200 K [15, 17]. Several theoretical papers [18,
19] have appeared which deal with the IC to iC phase transition in NbTe,. Walker and
Morelli [18] have proposed a model in which discommensurations (‘walls’ between
commensurate domains) are optimally phased in adjacent columns in order to minimize
the overall free energy of the crystal. In this model, the temperature dependant driving
mechanism of the phase transition involves a competition between first-neighbour and
second-neighbour column interactions [19].
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Domain boundaries in the room-temperature modulated structure of TaTe, were
first observed by Eaglesham et al[14] using satellite dark-field (spF) electron microscopy.
Boswell ef al [13] concluded the domain boundaries result from phasing errors of the
¢pw on adjacent columns associated with rapid cooling through the high-temperature
CtoC phase transition at 450 K. Discommensuration arraysin NbTe, and their behaviour
as a function of temperature have also been reported {4, 14, 15]. sDF images show
that the discommensuration arrays are replaced during an extremely sluggish lock-in
transition at 50 K by a network of commensurate domains reminiscent of those observed
in room-temperature TaTe,.

In this paper, we report a new incommensurate phase of TaTe, above 550 K. SDF
microscopy has been used to reveal that the transition is mediated by the formation of
discommensurations. These observations provide additional insight into the complex
processes which stabilize the various phases and further illustrate the rich diversity of
phenomena occurring in this ‘simple’ system.

2. Experimental details

The crystals were grown from the elements in evacuated quartz tubes, using iodine as a
transport agent, as described elsewhere [3]. The tubes were heated at 800 °C for several
days, slowly cooled to 600 °C, held at this temperature for 20 h and then quenched to
room temperature. The crystals generally grew in the form of bundles of paraltel needles.
Specimens for electron microscopy were obtained by cleaving these needles between
the glass slides. This results in a large number of small crystallites with electron trans-
parent edges parallel to the chain axis. The specimens were examined at 100 kV using a
Philips EM300 electron microscope equipped with a single-tilt heating stage.

3. Results

3.1. Electron diffraction

Electron diffraction patterns {EDps) of TaTe, at elevated temperatures indicate the
occurrence of two distinct structural phase transitions: a C to C transition at approxi-
mately 450 K and a C to IC transition near 550 K. At room temperature, the superlattice
spots appear in commensurate positions and may be completely indexed using the three
modulation wave-vectors q, = [$a*, 3b*, %c*], ¢, = [$a*, 0, %c*] and ¢; = [0, $b*, 3c*]
defined relative to the subcell. When heated above 450 X, the satellites associated with
wave-vectors g, and g; diminish in intensity and gradually disappear over a narrow
temperature range (~30 K) while those associated with g, remain unchanged. The
phase transition is reversible with the ¢, and ¢ satellite reflections reappearing if the
temperature is slightly lowered. These observations can be interpreted in terms of a
transformation to a high-temperature commensurately modulated phase with unit cell
(V2a X V2a x 3¢) as discussed previously by Boswell et al [13].

Further changes occurred in the Epps of TaTe, upon heating above approximately
550 K. The remaining superlattice satellites shift to incommensurate positions defined by
the modulation wave-vector ¢; = [$a*, $*,0.6630 = 0.0010¢*). Although the deviation
from the commensurate value is only ~0.6%, the incommensurate nature of the modu-
lation is clearly revealed in [130] zone axis EDPs (figure 3) by the presence of satellite
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Figure 3. [130] zone axis electron diffraction pattern from TaTe, at 550 K; the superlattice
doublet revealing the incommensurate periodicity is cnlarged in the inset.

doublets centred about the commensurate positions. Note that the change in the modu-
lation periodicity is in the opposite sense to that observed for incommensurate NbTe,,
i.e. the ¢*-component of the g-vector is reduced below the commensurate value rather
than increased. No further change in the g-vector has yet been observed on heating
above 550 K, however, the proximity of the transition to the decomposition point greatly
restricts the available temperature range as discussed below. We propose that the
electrondiffraction observationsare the result of the development of anincommensurate
phase of TaTe, above 550 K having basal plane dimensions (V2a x V/2a). The phase
transition is reversible but exhibits considerable temperature hysteresis, occurring near
450 K on cooling.

Although the ¢ to IC phase transition occurs very near the temperature at which
TaTe, will decompose under the conditions prevailing in the electron microscope, it is
normally possible to cycle acrystal through the phase transition several times without any
indication of decomposition. Itis, however, difficult to control the specimen temperature
precisely using the heating holder in the electron microscope since observations are
usually made on a small, thin region of a larger crystal whose thermal contact with the
support grid may vary during the experiment. Asaresult, anunambiguous determination
of whether the ¢ to IC transition is discontinuous or continuous in a narrow temperature
range has not been possible. Also, these experimental difficulties may explain why the
Cto IC transition was not observed by previous workers [3, 15].

3.2. Satellite dark-field microscopy

3.2.1. The commensurate-to-commensurate phase transition. SDF images of TaTe,
obtained at room temperature typically reveal a three-dimensional network of antiphase
boundaries (ApBs). From the diffraction contrast, two main types of APBs can be dis-
tinguished: type I boundaries generally lying along the c-axis direction with an associated
displacement vector of the form R; = } {110} and type II boundaries which lie inclined
to the c-axis in an irregular manner with displacement vectors of the from R, = 4 {302}
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[13]. The type II boundaries exhibit contrast for all satellite refiections while the type I
boundaries are out of contrast in SDF images formed using the g, satellites (figure 4 (),
(2")). Type I boundaries are frequently observed to terminate at a junction with two
type II boundaries.

The behaviour of the APBs upon heating to the C to C transition at 450 K has been
observed by SDF microscopy. In SDF images formed using a g; or q; satellite, all of the
ApBs exhibit dark contrast (at s = 0) and were fairly narrow at room temperature. When
the specimen was heated, some movement of the type II boundaries usually occurred
sightly below the transition temperature. The motion of the type II boundaries resulted
in progressively shorter type I boundaries as the temperature was increased until,
very near the transition, the type I boundaries were almost entirely eliminated. The
disappearance of the type I boundaries as accompanied by a noticeable increase in the
width of the remaining type II boundaries. Very near the transition temperature, the
boundaries were unstable and often expanded to convert an appreciable region of the
specimen to dark contrast, i.e. a region of the high-temperature commensurate phase.
On further heating, essentially the entire specimen is converted to dark contrast. This
coincides with the disappearance of the ¢, and g5 satellites in the EDPs. The above effects
are shown in figures 4(b}, (¢), (d). Based on the sDF images, it appears the phase
transition is initiated at the APBs and spreads outward through the crystal. It should be
noted, however, that the regions of elevated temperature commensurate phase do not
form symmetrically but instead exhibit a definite tendency to expand outward from only
one side of a given domain boundary. All of the observed phenomena were reversible
with temperature. Similar effects are observedinsbFimages formed using the g, satellites
(figures 4(b"), (¢'), (d")).

When a specimen is heated above the C to C transition temperature, $DF images
obtained using g, or g; satellites show essentially dark contrast throughout the field of
view. In all of the crystals studied, however, a few narrow regions exhibiting faint light
contrast are visible (figure 4(d)). The area of light contrast are observed along the line
of intersection between two expanding regions of dark contrast and, since the areas of
dark contrast usuaily spread out in only one direction, are most often observed near the
positions of the type II boundaries in the room-temperature phase. sDF images formed
using ¢, satellites clearly reveal these as domain boundaries in the high-temperature
commensurate phase (figure 4(d')). From the geometrical relationship between these
high-temperature APBs and the type II boundaries found in the room-temperature
structure, we propose that the displacement vectors are identical, i.e. R = } [302] or }
[032] which, indexed in terms of the high-temperature V24 X V2a X 3¢ unit cell, are
equivalent to R = §[332].

3.2.2, The commensurate-to-incommensurate phase transition. The microstructure of
the high-temperature commensurate phase continues to evolve as the crystal is heated
towards the incommensurate transition. Following the 450 K transition relatively few
APBs are visible in SDF images formed with the ¢, satellites (figure 4(d’)}. As the
temperature is increased above 450 K, the defects graduaily evolve into multiple lines
and expand to cover large regions of the crystal (figure 5(s)). The defect density
continues to increase with temperature until eventually, near 550 K, a regular array of
‘fringes’ with a separation of ~200 A is observed (figure (5b)). Selected-area EDPs reveal
the crystal is incommensurate in this fringe state. In analogy with the model of the
discommensurate state proposed for NbTe, by Mahyetaf[15], the fringes are interpreted
as arising from the generation of discommensuration walls perpendicular to the fibre
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axis (note here a discommensuration wall is defined as the set of all one-dimensional
discommensurations projected in a given plane normal to the c-axis). The somewhat
variable spacing of the fringes is apparently a consequence of disorder in the dis-
commensuration array. On heating, the mechanism for increasing the discom-
mensuration wall density appears to involve the internal nucleation and motion of
‘discommensuration-dislocations’, each consisting of a six-fold junction of discom-
mensuration walls. An example of this is shown in figure 5(a). Similar phenomena have
been observed in NbTe, as well as for 2H-TaSe, [20], Rb,ZnCl, [21] and certain Ag—
Mg alloys [22], all of which undergo a C to 1C phase transition. Since the phase transitions
in TaTe, take place extremely rapidly (of the order of seconds) over a narrow tem-
perature range, it has not been possible to follow the discommensuration process in
detail. It does appear, however, that discommensuration walls in some cases can also
be formed without the action of discommensuration-dislocations. The mechanism,
suggested by Walker and Morelli [18], in which the discommensuration walls separate

Figure 5. (028) spF images of the same region of a Tal'e, crystal observed during heating to
the commensurate-to-incommensurate transition Ty ~ 550 K. The crystal has been heated
slightly between (&) and (b). A six-fold junction of defects is indicated by an arrow in (a).
The inset in (b) shows the marked region at higher magnification.
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to form pairs in response to temperature dependent variations in the free energy may
also play a role in the process.

Once established, the discommensurate state of TaTe, persists on cooling to near
450 K, the transition temperature of the {22 X 2a X 3¢) commensurate phase. Unlike
NbTe,, a precursor stage in which the crystal adopts a structure with 2 basal plane
dimensions is apparently not required for lock-in, This is shown in sDF images formed
with g, satellites which exhibit dark bands running perpendicular to the ¢c-axis (figure
6(a)) coexisting with well-defined bands of parallel discommensuration walls. The dark
bands exhibit bright contrast when imaged using a ¢ or g, satellite, indicating these are
regions of the room-temperature commensurate phase (figure 6(b)). These dark bands
are, in fact, rarely continuous across the width of the crystal but are instead typically
segmented by discommensuration walls running roughly parallel to the c-axis.
Additional patches of commensurate material nucleate and expand to form bands on
further cooling. Eventually, at a temperature slightly below the ¢ to C transition, the
commensurate bands cover the entire crystal with the exception of a relatively small
number of faults, principally the type IT ApBs identified previously.

The SDF observations indicate that the mechanisms involved in increasing the dis-
commensuration wall density during heating are different from those which occur on
cooling the crystals through the high-temperature phase transitions. This may help to
explain the marked thermal hysteresis associated with the transitions in both the TaTe,
and NbTe,. Oncooling, the discommensuration array is fragmented by the development
of the commensurate bands, typically into groupings of three discommensuration walls
(figure 6(c)). On further cooling, these triplets of defects appear to coalesce along their
length leaving an APB in the room-temperature phase. The characteristic *jogs’ of the
discommensuration walls appear to limit the growth of the commensurate domains and
represent anenergetically stable configuration. Wesuggest that these jogs are precursors
to the type I APBs observed in the room-temperature phase, the reduction in the dis-
commensuration wall density then being mediated by the formation and motion of a
junction of a type I boundary with two type 11 boundaries.

4, Discussion

4.1. The cow phases of NbTe,and TaTe,

An extensive number of experimental and theoretical studies have culminated in the
emergency of a fairly clear picture of the CDW states of NbTe, [5. 6, 10, 11, 15, 17-19].
The incommensurate phase having a unit cell (V2a X V2a x ~16¢) is stable at room-
temperature. A transition to a new incommensurate (‘discommensurate’) phase or
phases occurs in the temperature range 50-200 K, albeit with a considerable thermal
hysteresis between cooling and warming cycles. Prodan et af {17] have proposed the
coexistence of two incommensurate phases in this temperature range: a phase denoted
LT}, with unit cell (2 X 2a X ~16¢) involving mainly longitudinal shifts of the atoms
from their room-temperature positions and a second phase denoted LT, with a unit cell
(2a X 2a ~ 32¢) which is associated with transverse displacements of the Te atoms.
Below 50 K, a (22 % 2a % 3¢) commensurate phase is stable.

TaTe,, on the other hand, has a (22 X 2a X 3¢) commensurate superstructure at
room-temperature which is apparently isostructural with the lock-in phase of NbTe,,
although this has yet to be verified by low-temperature x-ray analysis. On heating TaTe,
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to approximately 450K, a transition to a (V2a X V2a X 3¢) commensurate phase
oceurs, This transition is strongly first-order, as is the lock-in transition in NbTe,.
However, unlike the sluggish process in that compound, the transition in TaTe, takes
place rapidly within a narrow temperature range of approximately 10 K. The ¢*-com-
ponent of the modulation wave-vector adopts an incommensurate value on heating
above 550 K. On cooling from the high-temperature incommensurate state, lock-in to
a commensurate state does not occur for TaTe, until about 450 K. This is similar to the
behaviour observed for NbTe, where the commensurate phase persists to a much higher
temperature on warming (~150 K) than on cooling (~50 K).

It has been shown in the series of papers by Walker and coworkers [8, 18, 19, 23,24,
25] that the phase transitions in NbTe,, which result in a change in the basal plane
dimensions, are driven primarily by subtle variations in the intercolumn interaction
strengths occurring as a function of temperature. It is the intercolumn interactions that
dictate the relative phasing of the cow on the otherwise equivalent columns. The
temperature dependences of the first- and second-neighbour column interactions are
such that antiphased cDw are favoured at room-temperature while, at lower tempera-
tures, a 277/3 phase shift between columns is preferred. The basal plane dimensions are
correspondingly enlarged from V/2a to 2a. We note that the form of the LT, distortion
[17] agrees with the model of the low-temperature incommensurate state proposed
by Morelli and Walker [19] from a consideration of the intercolumn energetics. The
displacements associated with the LT; phase, which result in a distortion of the Te cages,
are also consistent with a mechanism driven by intercolumn interactions, although this
distortion mode appears to be outside the scope of the theoretical analyses of Walker
and coworkers where only Nb displacements were considered. In terms of the crystal
structure, the important role of intercolumn forces is refiected in the maintenance
of near constant intercolumn Te-Te bond lengths in all of the modulated phases
[10, 26]. i

As for the low-temperature 1C to IC transition observed in NbTe,, the ¢ to ¢ phase
transition in TaTe, also involves a change in the basal plane dimensions from 2a to
V/2a. Chen ez al [24] have proposed that the transition occurs as a consequence of a
change in the sign of the third-neighbour column interaction energy and predict P4/
nce symimetry for the high-temperature commensurate phase. In this model, the cow
modulations are out of phase on adjacent columns and in phase on second neighbour
columns. With reference to figure 2, the CDW phases on the respective columns are ¢, =
@p=0and o= @p = — (8 + 27/3) where 8 is an arbitrary angle. Note that this is in
contrast to NbTe, where the symmetry of the room-temperature phase with base V' 2a
is P4/mcc and the CDW on adjacent columns are antiphased. An alternative model for
high-temperature commensurate TaTe, withsymmetry P4/mccand cbw phasing @ 4 5 =
@c,p + Thasalso been proposed [27]. In this case, the phasing is similar to that observed
for room-temperature NbTe,. An experimental determination of the symmetry to
resolve this question is not yet available.

For both the P4/nce and P4/mce models described above, two energetically equiv-
alent columns constitute the high-temperature unit cell. Since all three columns in the
room-temperature phase are also equivalent, any two of these may be used to form
the high-temperature structure. As a result, several different energetically equivalent
configurations of the high-temperature cell are possible (figure 7}. The rapid completion
of the C to ¢ transition in TaTe, suggests a minimal rearrangement of the cow phasings
occurs. The model of the high-temperature state possessing P4/ncc symmetry appears
to be more consistent with this requirement.
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Figure 7. Proposed model for the high-temperature modulation structure of TaTe, viewed
along the c-axis. The different possible unit cell configurations of these columns in the (a)
room-temperature and {b) high-temperature structures are sketched.

4.2. Origin of the defects in the high-temperature commensurate phase of TaTe,

The origin of the defects observed by SDF microscopy in the high-temperature com-
mensurate phase may be explained as follows. At the transition, regions of elevated
temperature phase nucleate at faults in the room-temperature structure and, with a
further increase in temperature, expand throughout the crystal. If, during this process,
two regions composed of different configurations of the high-temperature unit cell
expand into each other, an APB will be formed along the line of intersection. The
displacement vector associated with these APBs in the high-temperature structure is of
the form R = } [332]. Nucleation of different configurations of the high-temperature
structure will be favoured on opposite sides of a room-temperature ApB, possibly
accounting for the observed expansion of the APBs in only one direction on heating.
Conversely, on cooling, the nucleation of the room-temperature structure is promoted
at the ApBs of the high-temperature phase since, asrequired, nearest-neighbour columns
are already shifted in phase by 2;r/3 while the second-neighbour columns are in phase
in these regions.

4.3, Discommensurations in TaTe,

SDF microscopy indicates that discommensurations play a significant role in the incom-
mensurate phases of both TaTe, and NbTe,. The deviation of the Cbw period from a
commensurate value leads to the generation of one-dimensional discommensurations
along the columns, i.¢. metal atom multiplets of a different nature than the predominant
triplet sequence. In the case of NbTe,, the structural refinement of Van Smaalen et al
[10] shows that discommensurations appear along the chains with a periodicity of 16¢
and consist of an approximate doublet-singlet-doubiet-singlet-doubiet sequence. The
‘discommensuration’ thus has a considerable extent and, since the structure was derived
based on a sinusoidal modulating function, the associated phase slip is gradual than
abrupt. The calculations of Prodan e al [17] suggest this is also the case for the dis-
commensurations present in the LT incommensurate phases. Antiphasing of the cbw on
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adjacent columns results in the projected arrays of the discommensurations, i.e. the
discommensuration walls, being separated by 8c as discussed by Mahy er al [15]. In the
incommensurate state of TaTe,, regular arrays of discommensuration walls are also
observed in SDF images with an equilibrium spacing of about 200 A (~27c¢). These
discommensurations are also likely to involve a gradual rather than abrupt phase slip.
Thus, in both NbTe, and TaTe,, the incommensurate states are discommensurate in
character. Similarly, in both compounds, the discommensuration arrays evolve on
heating from faults in the commensurate structures. However, the basal dimensions of
the supercells in which these faults appear differ for NbTe,; and TaTe, being 2a and
V2arespectively. As a result, the mechanism proposed by Mahy ef ai for the generation
of discommensuration arrays in NbTe,, which involves elements of the 22 to V2a
transformation, does not appear to be strictly applicable to the TaTe, case.

InTaTe,, the faults in the high-temperature commensurate phase gradually become
more numerous and regularly spaced as the temperature is increased until, ultimately a
uniform array is formed in the incommensurate state. While the study of the evolution
of the discommensuration arrays has been restricted by the inherent instabilities of the
heating stage which limit resolution to about 100 A, the sDF images suggest that the Cto
IC transition observed on heating may be continuous. Note that Morelli and Walker [19]
have proposed the IC to IC transition in NbTe, could be continuous if a repulsive
interaction exists between the discommensuration walls. An experimental deter-
mination regarding this point has not been possible with the single-tilt heating holder
used in these studies. It is usually necessary to tilt the specimen away from the zone axis
condition to obtain sufficient intensity in the SDFimages, while zone axis EDPs are needed
for accurate measurements of the g-vector. Thus, it has not been possible to obtain
direct evidence of a possible continuous variation of the g-vector from the commensurate
to the incommensurate state. Further studies, employing a double-tilt heating stage may
resolve this question.

sDF images of NbTe, and TaTe, obtained during cooling from the incommensurate
state exhibit a remarkable similarity (cf figure 5 with figure 10 of [14]). For both
compounds, bands of the commensurate phase become more numerous as lock-in
progresses. However, the tendency noted by Eaglesham er al {14] for these com-
mensurate bands in NbTe, to drive across the incommensurate regions is not often
observed for TaTe,, suggesting this phenomenom may have been associated with a
temperature gradient. Also, the transition in TaTe, proceeds very rapidly without
the formation of precursor phases analogous to the incommensurate LT;/LT, phases
observed for NbTe,. This implies thermal energies play an important role in the tran-
sition processes in these materials.

Overall, the results of the current study of the high-temperature phase transitions in
TaTe, are broadly consistent with the picture that has emerged of the transitions
occurring below room-temperature in NbTe,. The differences as well as similarities in
the transition processes provide new insight into the nature of the cow modulations in
these compounds.
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