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We report the comparative effects of disorder and hydrostatic pressure on charge density wave (CDW) and
superconductivity (SC) in 2H-TaS, by measuring electrical resistivity and ac magnetic susceptibility. For the
crystals in the clean limit (low disorder level), CDW ground state is suppressed completely at a critical pressure
P. ~ 6.24(5) GPa where a dome-shaped pressure dependence of superconducting transition temperature 7.(P)
appears with a maximum value of 7.™** ~ 9.15K, indicating strong competitions between CDW and SC. The
temperature exponent n of low-temperature resistivity data decreases from ~3.36 at ambient pressure (AP) to
~1.29(2) at P, and then retains a saturated value ~2.10(4) when the pressure is higher than 7.5 GPa; accordingly,
the quadratic temperature coefficient of normal-state resistivity A peaks out just at P, with an enhancement by
nearly one order in magnitude. These features strongly manifest that the enhanced critical CDW fluctuations near
P, are possible important glues for superconducting pairings. High-pressure magnetic susceptibility indicates that
superconducting shielding volume increases with pressure and retains a nearly constant value above P., which
evidences that the enhancement of 7;.(P) is accompanied by the expense of CDW. For those crystals in dirty limit
(high disorder level), there is no clear CDW phase transition in resistivity; the pressure dependence of 7.(P)
and n broadens up and becomes less apparent in comparison with the clean crystals. Our results suggest that
disorder scattering and the melting of CDW are two factors affecting SC, and the melting of CDW dominates
the change of 7. below P.; the enhancement of 7.(P) is associated with the suppression of CDW by pressure and
the increase in the density of states at Fermi level; however, after the CDW collapse, superconducting pairing
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strength is strongly weakened by impurity scattering above P, according to Anderson’s theorem.
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I. INTRODUCTION

The interplay of charge density wave (CDW) and super-
conductivity (SC) has received continuous and considerable
attention over the past decades [1,2]. On one hand, it can
provide excellent opportunities to explore new superconduct-
ing materials considering cooperation and competition of
CDW and SC; superconductivity can be realized frequently
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through element doping and applying physical pressure which
effectively suppress the CDW ground state of materials
[3-7]. On the other hand, previously reported phase diagrams
concerning the evolution of CDW and SC often exhibit dis-
tinct characteristics which strongly depend on the external
parameters [3,6,8,9]. In some typical quasi-two-dimensional
CDW materials such as 2H-Ta(Se, S),, it was argued that a
superconducting state can coexist with long-range CDW order
in real space [6,7]; contrarily, CDW and SC are mutually
exclusive without any pressure overlap in phase diagrams
of other CDW materials, for example, 17-Ta(Se, S), and
1T-TiSe, [3,8-10]. It is thought that difference band struc-
tures caused by slightly change of crystal symmetry is one
of critical factors. However, in both cases, some short-range
CDW order that may be undetectable in electrical transport
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properties would still coexist with SC after further collapse
of CDW order [3,9,11]. It usually involves whether electronic
states responsible for superconducting pairing and CDW for-
mation comes from the same pockets of Fermi surfaces and
possible interband couplings [2,12—14]. These characteristics
also reflect the complicated interplay of CDW and SC [3,6—
10]. So far, there is still no widely acceptable explanation
for the changes of T. in various CDW materials. And more
studies on phase diagrams of CDW and SC for various CDW
materials can deepen our understandings on these scientific
issues.

As typical CDW materials, layered transition-metal
dichalcogenides (TMDCs) have been widely studied [5—-10].
Among them, 2H-TaS, is one special case showing only
one CDW phase transition at ambient pressure (AP), differ-
ent from the multi-CDWs in other TMDCs materials [1].
It transforms from an ordinary metallic phase into a 3 x
3 incommensurate CDW (ICCDW) state at Ticcpw ~ 78 K,
prior to the emergence of bulk superconducting state at the
superconducting transition temperature 7, ~ 0.8 K [15]. Re-
cently, 2H-TaS, was hotly concerned and studied owing to
large divergences in superconducting diagrams under pressure
[16-20]. At first, Freitas er al. reported a pressure-induced
strong enhancement of 7; from temperatures below 1 K up
to 8.50 K at 9.50 GPa in 2H-TaS, [16]; however, ICCDW
phase transition is robust against pressure and can persist
up to at least 17 GPa. The coexistence of CDW and SC
cannot be understood easily without magnetic susceptibility
under pressures [16]. In contrast, Grasset et al. argued that
the collapse of CDW order takes place around a much lower
critical pressure P, ~ 8.50 GPa where the Higgs model, which
is thought to be closely associated with a strong in-gap su-
perconducting mode, vanishes, and a superconducting state
exists above P [17]. And then, the pressure-induced collapse
of CDW was verified by measuring Raman scattering and
electrical resistivity in a diamond anvil pressure cell; the
critical pressure P, is about 7.30 GPa but T; increases with
increasing pressure and reaches a maximum of 9.15 K at
11.5 GPa [18]. In a recent work, CDW was reported to be
completely suppressed at a critical pressure P. ~ 8.70 GPa
with a domelike pressure dependence of T.; first-principles
calculations reveal that the suppression of CDW is closely
associated with distorted lattice and phonon instability un-
der pressure [19]. From these results, it may be seen that
superconducting phase diagrams strongly depend on pressure
environments and sample qualities [8]. As we know, element
doping, Cu intercalation, and physical pressure are effective
methods to tune the interplay of CDW and SC, but the resul-
tant evolutions of crystal structure and electronic properties
are quite different [4,7,8,20]. A detailed comparative study on
the dependence of superconducting transition temperature on
external parameters in 2H-TaS; is still absent. In this regard, it
is essential to clarify the comparative effects of sample quality
and hydrostatic pressure on superconducting phase diagrams.

High pressure is an effective method to manipulate crystal
structures and/or electronic properties. For superconductors,
the pressure dependence of several superconducting parame-
ters provides useful information on superconducting pairing
mechanisms. Different from chemical doping, physical pres-
sure is clean and doesn’t introduce any excessive disorder

and can reveal intrinsic pressure effect of physical phenomena
[21,22]. In this work, we report the effects of disorder and
hydrostatic pressure on CDW and SC of 2H-TaS,. Along
with pressure-induced collapse of CDW for those crystals in
the clean limit (low disorder level), the domelike dependence
of T. is accompanied by a sizable reduction in tempera-
ture exponent and nearly one order increase in the quadratic
temperature coefficient of normal-state resistivity near P..
However, the maximal 7.™** is reduced by disorder scatterings
for those crystals with high disorder level where impurity
scattering destroys superconducting pairing.

II. EXPERIMENTAL METHODS

Single-crystal 2H-TaS, (nos. S1-S8) was grown with the
chemical vapor transport method and checked again by using
x-ray diffraction; the analysis results show that their cell pa-
rameters are basically the same except the slight broadening
of diffraction peaks for no. S8 [5,20]. At AP, temperature
dependence of electrical transport p(7) was measured for
all the samples on the Quantum Design Physical Property
Measurement System (1.8 K<L T <400K, 0 < H<L9.0T).
Under pressures, the piston-cylinder pressure cell (PCC) and
the palm-type cubic anvil pressure cell (CAC) were employed
to measure electrical resistivity and ac magnetic susceptibil-
ity for selected single-crystal 2H-TaS,. Here, PCC has two
opposed anvils but can provide high hydrostatic pressure be-
cause Glycerol as the pressure transmitting medium (PTM)
remains liquid below 3.0 GPa; CAC apparatus generates hy-
drostatic pressures with multiple-anvil geometry; it could be
achieved by triaxial compression and liquid PTM even when
PTM solidifies under higher pressures; bulk Pb is used as
pressure manometer and glycerol as PTM [21,22]. Electrical
resistivity is measured by four-probe method with the current
parallel to the ab-plane and the field parallel to the ¢ axis of
crystals. AC magnetic susceptibility data were collected at a
fixed frequency with AC magnetic field parallel to the ab plane
of crystals. In this work, the experiments were performed on
a “He refrigerated cryostat (14K < 7 < 295K and 0T <
H <9T).

III. RESULTS AND DISCUSSION

In Fig. 1, we first examine the dependence of Tcpw and
superconducting properties on sample quality at AP. As in
Fig. 1(a), the normalized temperature dependence of resis-
tivity p(7T) data is plotted for all the single-crystal 2H-TaS,
(nos. S1-S8). For nos. S1 and S2, p(T) shows clear metallic
behavior in the whole temperature range with a pronounced
shoulder near 78 K, which just corresponds to the reported
ICCDW phase transition [15,20], while for nos. $3-S7, the
ICCDW phase transition temperature broadens up and slightly
shifts down to lower temperatures, which is accompanied by
a resultant decrease in the residual resistivity ratio (RRR)
(defined as p3p0k/po) and an increase in the residual resis-
tivity po compared to those of no. S1; however, for no. S8,
the ICCDW phase transition cannot be detected with further
decrease of the RRR value. These results indicate that long-
range CDW phase transition of 2H-TaS; is suppressed with
the decrease of the RRR value and collapsed completely above
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FIG. 1. (a) Temperature dependence of electrical resistivity po(7)
for single-crystal 2H-TaS, (nos. S1-58) with the measuring current
parallel to the ab plane of crystals; the back arrow indicates IC-
CDW phase transition of 2H-TaS, and is marked by Ticcpw; (b)
temperature dependence of the derivative dp(T)/dT is plotted and
Tepw is defined as the temperature with the dp(7')/dT maximum;
for comparison, the absolute dp(T)/dT was shifted vertically; (c)
the enlargement of low-T p(7)/p(300 K) (0 < T < 8K), where
(300 K) represents electrical resistivity at 300 K. The dependence
of characteristic parameters on the residual resistivity ratio RRR
[=p(300K)/pol; (d) the residual resistivity po; po was estimated by
fitting the formula p = pg + AT" and ICCDW phase transition tem-
perature Ticcpw. The dashed lines indicate the changing tendency.

critical values. Accompanying this, it is found that Tepw
and the superconducting transition show sample dependence
with different RRR and py. The dependence of characteristic
parameters pp and Tcpw on the RRR is plotted and compared
in Fig. 1(d). Here, Tcpw was defined as the peak temperature
of the derivation dp(T)/dT in Fig. 1(b), however, there is no
zero resistivity state in 2H-TaS; (nos. S1-S8) in our measured
temperature range. Several clear features can be summarized
as follows: With reducing the RRR value from 45.8 to 10.2, pq
increases nearly three times in magnitude and Tcpy is reduced
from 78 K to ~41 K gradually and accompanied by a quick
increase in the superconducting phase transition temperature.
However, with further reducing the RRR value to 4.4, the
magnitude of pg quickly increases another three times and
long-range CDW phase transition cannot be detected; all these
support the competition of CDW and SC. In addition, these
features indicate the increase of the residual resistivity and
RRR (from no. S1 to no. S8) is closely associated with Tcpw;
and it thus can be regarded as a criterion of sample quality
and/or disorder which strongly depends on external factors
such as the sintered temperatures and lattice mismatches [20].

In detail, different disorder levels can be conjectured by
comparing RRR and the residual resistivity oy compared to
those of no. S1 in the clean limit (low disorder level). This
regular change is reflected in the change of sample quality
such as disorder level. There are slight differences in the ex-
perimental conditions such as the annealing temperatures and
sintering time. Similar behaviors have been reported in other
CDW materials such as 2H-TaSe,.,S, where the evolution
of the superconducting state was thought to originate from
disorder scatterings rather than chemical pressure effect and
band fillings [20]. The present results support the conclusions
that disorder destabilizes long-range CDW and enhances SC.
Moreover, the plot of Tepw vs pp is shown in Fig. S1 of
the Supplemental Material [23]; with increasing pg, Tcpw
decreases with the enhanced SC, which seems contrary to
Anderson’s theory if ignoring the ICCDW phase [24]; how-
ever, in this process, disorder scattering and the melting of
CDW are two factors affecting SC, and the latter dominates
the change of the superconducting state with the increase of
disorder scattering at AP.

To study the effects of hydrostatic pressure and sample
quality on phase diagrams of CDW and SC, we chose two rep-
resentative single-crystal 2H-TaS, for comparison: namely,
no. ST (RRR ~ 45.8, po ~ 7.7 u2 cm) in the clean limit (low
disorder level) and no. S8 (RRR ~ 4.4, py ~ 45.3 uQ2cm)
in the dirty limit (high disorder level), respectively. As in
Figs. 2(a), 2(b), and S2 [23], p(T) were measured under
various pressures for no. S1. Room-temperature resistivity at
12.5 GPa reduces to one-half that at AP. On cooling from 300
K, p(T) shows metallic behavior and the ICCDW phase transi-
tion is shifted down to ~37.1 K at 5.5 GPa and then cannot be
detected under higher pressures. The evolution of 7, and Tcpw
are determined in Figs. 2(d), 2(e), and S2 [23]. It is sure that
the applied pressure collapses long-range CDW at a certain
critical pressure P.. With these characteristics, superconduct-
ing properties change greatly. As shown in Figs. 2(g) and 2(h),
on cooling, a superconducting phase transition appears and in-
creases with pressure; T; increases monotonously from 2.30 K
at 0.16 GPa to 5.7 K at 2.0 GPa and the maximum supercon-
ducting transition temperature ~9.15 K near a critical pressure
of 6.50 GPa, and then decreases slightly down to 8.85 K with
further increasing pressure up to 12.5 GPa. Pressure depen-
dence of Tecpw and T; is plotted in Fig. 4(a). It is found that
a “domelike” superconducting state is closely adjacent to the
CDW boundary and the 7; value reaches the maximum at the
critical pressure P, where the long-range CDW collapses as
indicated in electrical resistivity. This indicates strong com-
petition between CDW and SC [10,16]. Meanwhile, for no.
S8 in the dirty limit (high disorder level), no CDW phase
transition can be detected in p(7) as in Figs. 2(c), 2(f), and
2(i). Low-T p(T) shows a slightly drop at 3.2 K at AP. With
increasing the pressure, low-7 resistivity drop is enhanced by
nearly four times in magnitude compared to that at AP, and
the T; value increases monotonously to 6.43 K at 7.0 GPa and
then decreases to 5.60 K at 11.5 GPa. It is quite strange that
T.(P) shows a broad domelike dependence although there is
no long-range CDW, and the maximum 7.™** is about 3 K
lower than that of no. S1, which should be closely correlative
to impurity scatterings [20]. It is unclear whether there is some
undetected CDW in resistivity.
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FIG. 2. p(7) under various pressures with the current parallel to ab plane of crystals: (a) 2H-TaS, (no. S1) in PCC up to 2.06 GPa; (b)
2H-TaS; (no. S1) in CAC apparatus up to 12.5 GPa for run 1; (c) 2H-TaS; (no. $8) in CAC up to 11.5 GPa. (d)—(f) Temperature dependence
of dp/dT for nos. S1 and S8, respectively. (g)—(i) The enlargement of low-T p(T); the black and red arrows indicate Ticcpw and zero resistivity
temperature 7.”, respectively. “CAC” is short for the cubic anvil pressure cell and “PCC” is the piston cylinder pressure cell.

Temperature dependence of high-pressure magnetic sus-
ceptibility was measured for no. S1 and superconducting
shielding volume 4 x,(T) was estimated by comparing its
diamagnetic signal of samples with that of reference Pb as in
Fig. 3(a) [3]. As we know, magnetic susceptibility under high
pressure is challenging. It is thought that AC susceptibility is
achieved by testing bulk characteristics of superconductors,
and thus is used as the criterion to judge whether it is bulk
SC or not. From this point of view, we can safely describe
the evolution of susceptibility under pressure to obtain im-
portant superconducting parameters including the evolution of
superconducting volume ratio and superconducting transition
temperature. We can note, with increasing the pressure, that
47 x,(2K) quickly increases from 58.8% at 2.0 GPa, and
then to 87.8% near 6.0 GPa, and then retains a constant value
up to 10 GPa, which suggests that more electrons participate
in superconducting pairings. However, the maximum of the
volume AC susceptibility isn’t 1, which should be reason-
able considering the usual error (5-10%) of AC susceptibility
under high pressure but it does not affect the judgment of
bulk SC; combined the above resistivity results, it can be

concluded that 2H-Ta$S, transits from ICCDW into bulk SC
by pressure. In addition, as in Figs. 3(b) and 3(c), the obtained
superconducting transition temperature T,M, where 47 x,(T)
decreases to one-half of the saturation values at lower tem-
peratures, is basically equal to 7; values determined from the
zero resistivity state of a superconducting phase transition in
p(T). These results not only confirm bulk SC of 2H-TaS,,
but also show that magnetic susceptibility data under high
pressure are reliable. Besides, both 7; and 47 x, (2 K) exhibit
consistent pressure dependence and reach the maximum at the
same critical pressures, which implies that the domelike SC
is attributed to pressure-induced collapse of long-range CDW
[6,7,10]. However, it is possible that some short-range CDWs
above P, coexist with SC because they cannot be detected in
resistivity [11,25].

To interpret domelike superconducting diagrams, normal-
state resistivity just above 7, was analyzed quantitatively by
an empirical formula p = py + AT", where pg represents the
residual resistivity, the temperature coefficient A and temper-
ature exponent n are associated with the density of states at
Fermi level and the inelastic electron scatterings, respectively.

224509-4



EFFECTS OF DISORDER AND HYDROSTATIC PRESSURE ...

PHYSICAL REVIEW B 103, 224509 (2021)

& J(a)Hiab Tas, S1# J(d) Tas, s1#
~:0.0]@ = 8 (d) Tas,
> i ] S TAp
a ; g 6
<20.5-] =2 1214455 63
© E > i 7.5
o 3 41 -
><> 7 e P(GPa) ‘» -1
8 10 a2 —A—-5 475 & 3.5
o |_|.|Tf‘|_|'|'_|?|||||1(|) 2 ] T T |1|2'|5|1?.5| |
2 4 6 8 10 4 8 12 16
120 T (K) 10 T(K)
— rs 4 (e) P(GPa) AP
¥ 80 —t5F 87
A Tzerc _— 5 S -
2 40 X 4 .
I\O --— " -2 l\DC::x_ T
0 sl 1S 0 F V6_/
100_|||||||ll|ll|| -0? :2
= 803© =
X B 4
= 603 s1# é =
S 3 N |
< 40 LI I LBLELEL I LI 2 T T T T I T T T T I
0 5 10 15 0 100 200

Pressure (GPa) T (K?)

FIG. 3. (a) Temperature dependence of superconducting shield-
ing volume 4 x,(T) at a fixed frequency under a modulation AC
magnetic field which is parallel to ab plane of crystals for no. S1.
Blue arrows show superconducting transition temperature 7,™ where
47t x,(T') decreases to one-half of the saturation values at lower tem-
peratures. Pressure dependence of the characteristic temperatures:
(b) Tepw, T.M, and T.%%; (c) 47 x,; the dashed lines indicate chang-
ing trends. Two different fittings are performed by p = py + AT":
the polynomial fitting for 7 < 20K gives py and » and (d) the linear
fitting for n = 2 to low-temperature data give the value of parameter
A. The solid lines across the data indicate the fitting results.

As in Figs. 3(d), 3(e), and S3 [23], the polynomial fitting
for T < 20K gives pg and n and the linear fitting for n = 2
to low-temperature data gives the parameter A. Temperature-
pressure phase diagrams are plotted in Figs. 4(a) and 4(b)
for nos. S1 and S8, respectively. The colors in the phase
diagrams reflect the changes of electrical resistivity in the
same scales. Tcpw of no. S1 decreases with increasing the
pressure and reduces to zero at P, ~ 6.24(5) GPa, while for
no. S8, the ICCDW phase transition cannot be detected in
resistivity because the enhanced disorder scatterings destroy
long-range CDW. To describe the evolution of CDW, pressure
dependence of ICCDW can be well fitted according to the pre-
vious reports by the model Ticcpw = T (AP)(1-P/P.)?, where
T(AP), P., and S represent the Tjccpw at AP, the critical pres-
sure for the collapse of CDW order, and the pressure exponent
which describes the suppression of CDW, respectively [3,8,9].
It has been proved to be reliable in understanding the evolution
of CDW in various materials. Using the data, T(AP), P, and
are determined to be 79.49 K, 6.24(5) GPa, and 0.374(2) for
no. S1, respectively. However, we must note that the critical
pressure should be a range of pressure values, and the acquired
critical pressure P, ~ 6.24(5) GPa is only a mathematical fit-
ting result; besides, P, is found to be close to other reported
ones of 7.3 GPa [18], 8.50 GPa [17], 8.70 GPa [19], but the
B [0.374(2)] is smaller than those of typical TMDC materials
[8,9]. These features imply that CDW order should be more
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FIG. 4. Temperature-pressure phase diagram for (a) 2H-TaS,,
no. S1 and (b) 2H-TaS,, no. S8, respectively. The changing colors
describe the tendency of resistivity. The data points of Cu interac-
tion are from Refs. [29,30]. The black lines are the fitting results
by Ticcow = T (AP)(1-P/P,)?, where the T(AP), the P., and the 8
represent the Ticcpw at AP, the critical pressure where Tcpw reduces
to zero, and the exponent n characterizing the suppression of param-
eters, respectively. The red lines represent the changing trends in (a)
and (b). Pressure dependence of parameters in the same scales for
nos. S1 and S8: (¢) po, (d) A, (e) n, and (f) T;. The lines across the
data show the changing trends.

sensitive to hydrostatic pressure and CDW correlation lengths
are different depending on distinct pressure environments.

In Figs. 4(c)-4(g), pressure dependence of py, A, n, and
1.7 are plotted and compared. For no. S1, both py and A
increase and reach the maximum near 6.50 GPa and decrease
with further increasing pressure, which is a positive corre-
lation with the domelike pressure dependence of T;; more
interestingly, the A value shows one order enhancement at
P., which is evidence for the increase of density of states
at the Fermi level and is consistent with the above results
of magnetic susceptibility [26,27]. Accompanying this, the
temperature exponent n reduces quickly from ~3.36 at AP to
~1.29(2) at P, and increases up to nearly constant ~2.10(4)
above 7.5 GPa. It is believed that non-Fermi-liquid behav-
ior appears with pressure-induced collapse of CDW near
P, and recovers to Fermi-liquid behavior. For a Fermi liq-
uid, the departures from n =2 could be interpreted to be
the changes of electron correlations. Temperature exponent
n shows a “trough” pressure dependence and is similar to
that of 17-TiSe, with a sizeable suppression of the n values
near P.. These characteristics were attributed to CDW critical
fluctuations [10]. Combined with the results, CDW quantum
criticality can be concluded with strong competitions between
CDW and SC at P, [10,26,27].

For no. S8, pp reduces monotonically by one order of
magnitude up to 11.5 GPa, more quickly than that of no. S1. T
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FIG. 5. Phase diagram of single-crystal 2H-TaS, in the tem-
perature, pressure, the RRR value [defined as p(300K)/po], and
Cu intercalation. The dashed and solid lines indicate changing
trends. The 7.™ is the highest superconducting phase transition
temperature. “ICCDW?” represents the incommensurate CDW phase
transition and “SC” is the superconductivity, respectively.

exhibits domelike pressure dependencies with 7.™* ~ 6.43 K
at 6.50 GPa; meanwhile, the enhancement in the A value is
just one-half in magnitude compared to that of no. S1 and
covers broad pressure windows; it is found that similar fea-
tures in no. S1 are unapparent and even vanish in no. S8 by
contrast. One reason is that the enhanced disorder scatterings
broaden energy bands and cause the reduction in the 7.™**;
the reduction in 7, with further increasing pressure above P,
could be attributed to the weakness of superconducting pair-
ing strength by impurity scattering [20]. Meanwhile, the T; of
no. S8 shows broad domelike pressure dependence although
there is no long-range CDW phase transition as shown in no.
S1. We should also note the fact that long-range CDW could
become short range in strongly disordered crystals and cannot
be detected in resistivity data. As suggested by Cho er al.
[28], with increasing the disorder in NbSe,, there is a gradual
crossover from long-range CDW into a short-range one by
measuring the x-ray diffraction. This is the possible reason for
the absence of CDW phase transition in the resistivity data. It
is thought that the competition of short-range CDW and SC
under pressure may lead to the broad humplike 7;(P).

Figure 5 shows the temperature-pressure-composition
phase diagram of 2H-TaS,. At AP, with increasing the disor-
der and Cu intercalation, Tcpw reduces and vanishes at some
critical values; as a result, T, rises and gets the maximum 7™
of 3.90 and 4.70 K at the optimal doping level, respectively.
Similarly, the domelike pressure dependence of T is achieved
at the expense of CDW collapse near P, ~ 6.50 GPa. But
T.™* shows strong sample dependence: 7.™** ~ 9.15(2) K for
no. S1 in the clean limit (low disorder level) is about 3 K
higher than ~6.42 for no. S8 with enhanced disorder. And
T.™™ ~9.15(2) K is nearly two times higher than that at AP
(4.70 K). These results indicate that hydrostatic pressure can
optimize band structures and electronic correlations to a great
extent through lattice contraction and that disorder scattering
could enhance SC through the suppression of CDW, but exces-
sive disorder weakens superconducting pairing strength and
restricts the further increase of 7,™*.

Finally, we discuss several important issues. The first is
the reason why 7; exhibits similar domelike dependence by
element doping, disorder, Cu intercalation, and high pres-
sure although lattice parameters and electronic properties are
changed differently [16-20,29,30]. Usually, the disorder de-
stroys long-range CDW order through lattice distortions and
broadens electronic bands which might partially fill the CDW
energy gap [20], while the Cu-intercalation enlarges the c axis
of crystals and weakens van der Waals interaction; its main
result is thought to be the increase of carrier concentration
and electron-phonon coupling strength [29,30]; 7; reduces
with more impurity scatterings after the collapse of long-
order CDW order [4]. Differently, without the influence of
disorder, hydrostatic pressure causes lattice contraction and
phonon instabilities; 7. enhances as the result of the increase
in the density of state at Fermi level and electron-phonon
coupling [16-19]; above P, the reduction of 7. might be
attributed to the decrease in the density of state at Fermi level
with pressure-induced band broadening and overlaps [19].
The second one is a large difference in critical pressure P..
As reported, P, can span a wide pressure range from 7.3 to
17 GPa, which is closely associated with pressure environ-
ments, sample quality, as well as the measurement of pressure
[16—-19]. In this work, pressure at low temperature is extrapo-
lated by susceptibility of the superconducting phase transition
of lead, which eliminates the error to the maximum extent.
Moreover, CAC apparatus generates hydrostatic pressure with
multiple-anvil geometry and liquid glycerol as the PTM with
higher solidification pressures [21,22]. Thus, the reliability of
P, and the measured pressures in this paper are more accurate
than other studies. Meanwhile, we note that there are not only
larger differences in P, but also in 7.™*, which cannot be
explained alone by an inaccurate reading of pressure. It should
be more emphasized that the other studies must have been
performed on samples with different disorder levels, which
might explain the above differences.

The third is the interplay of CDW and SC; in one report, 7
continues to increase and reaches its maximum at 11.5 GPa,
which doesn’t support simple competition of CDW and SC
[18], but in other cases, pressure dependence of 7. values,
which could be determined from Raman spectroscopy and
magnetic susceptibility, gets its maximum accompanying the
collapse of CDW, which indicates the strong competition
of CDW and SC [17,19]. In this work, our results support
the conclusion of strong competition between CDW and SC
by regulating structural and electrical properties by contin-
uous pressurization in CAC apparatus. The last question is
the superconducting properties of 2H-TaS, under pressure.
According to the temperature/magnetic field dependence of
electrical resistivity in Fig. S4 [23], T. moves to lower tem-
peratures owing to the magnetic pair-breaking effect and the
superconducting transition width broadens with increasing the
fields which can be attributed to magnetic flux creep effect.
These features suggest that 2H-TaS, can be classified as
a type-1II superconductor. Besides, we note that 7.™** (9.15
K) under pressure is nearly two times higher than those of
Cu-intercalated 2H-TaS, at AP [29,30], which indicates that
pressure optimizes energy bands and enhances 7. to the max-
imum. These features could be reflected by the differences in
normal-state pg, which indicates different properties such as
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carrier concentration and disorder degree [29-31]. To clarify
this, more theoretical investigations are required.

IV. CONCLUSION

In summary, the effects of disorder and hydrostatic pres-
sure on superconducting phase diagrams of 2H-TaS, were
studied comparatively. 7. exhibits domelike pressure depen-
dence for crystals in clean limit (low disorder level) and
reaches the maximum of ~9.15 K at a critical pressure P,
which is accompanied by a sizable reduction in the tempera-
ture exponent and one order enhancement in the temperature
coefficient of normal-state resistivity near P., while for those
crystals in the dirty limit (high disorder level), the pressure
dependence of T.(P) and n broaden up and become less ap-
parent in comparison with clean crystals. Our results suggest
that disorder scattering and the melting of the CDW are two
factors affecting SC, and the melting of the CDW, not disorder
scattering, dominates the 7; with pressure below P.; however,
superconducting pairing strength is weakened by impurity
scattering above P..
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