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Orbital-selective superconductivity is crucial for understanding the pairing mechanism for multiband superconductors. Atomic d orbitals with anisotropic spatial extension can directly determine the energy dispersion of
subbands with two-dimensional (2D) or three-dimensional (3D) nature in band structure. Theoretically, owing to
the coexistence of these 2D and 3D subbands, the orbital-selective superconductivity can exhibit band-dependent
dimensionality in multiband superconductors. However, to experimentally confirm this orbital-selective 2D
superconductivity remains challenging and elusive. Herein, based on angle-dependent upper critical magnetic
field on 2H-NbS2 flakes, we observe a cusp peak associated with a 2D superconducting subband from the dxy
and dx2 −y2 orbitals of Nb atoms, and a round peak related to a 3D subband, directly confirming the existence
of intrinsic 2D superconductivity in 2H-NbS2 thick flake and its orbital-selective superconducting nature. The
2D superconductivity remains robust under large electric current or high pressure. Such observations shed
light on the orbital-selective pairing mechanism and resulting band-dependent dimensionality for multiband
superconductors.
DOI: 10.1103/PhysRevResearch.4.013188

I. INTRODUCTION

Multiband superconductors, well described by GinzburgLandau theory [1,2], serve as a crucial platform for understanding orbital-selective pairing mechanisms and emergent
superconducting phenomena. Examples of multiple superconducting gaps have been demonstrated in FeSe, MgB2 ,
and NbSe2 [3–7], where the subbands with specific orbital
components crossing Fermi energy can form orbital-selective
superconducting gaps. Unlike the single-band superconductors where the ground state of a specific energy band is solely a
superconducting state by excluding other competing orderings
such as charge density wave [8] or antiferromagnetism [9],
the multiband superconductors allow the coexistence of the
above-mentioned electronic orderings by accommodating the
competing states separately in different subbands [10–13].
Specifically, emergent superconducting phenomena, such as
multiple superconducting gaps and the underlying orbitalselective pairing mechanism, directly originate from the
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specific orbital components of the subbands. The dimensional
nature of multiband superconductivity [14–17] can thus be
directly determined by the energy dispersion of each subband
whose dimensionality comes from the spatial distribution of
orbitals and their overlapping. Therefore, two-dimensional
(2D) superconductivity should be observable in multiband
superconductors as a direct result of the orbital-selective pairing mechanism within the 2D-like subband (associated with
the 2D superconducting gap), irrespective of the sample dimension. However, an experimental confirmation of such an
orbital-selective 2D superconductivity in multiband superconductors remains challenging.
In this paper, combining the measurements of angledependent upper critical magnetic field HC (θ ) with the
analysis of the Ginzburg-Landau theory, we demonstrate an
orbital-selective 2D superconductivity and its coexistence
with three-dimensional (3D) superconductivity in thick flakes
of the multiband 2H-NbS2 superconductor. We observe the
round peak in the HC (θ ) curve with the θ far away from 90◦
(θ measured from the normal vector of the sample plane),
well fitted by a 3D Ginzburg-Landau equation, indicating the
existence of the expected 3D superconductivity in flakes with
a thickness of 35–45 nm. Surprisingly, the HC (θ ) curve near
θ = 90◦ displays a clear cusp peak well explained by the
Tinkham equation, providing direct evidence of a 2D component in such a superconducting system. Our observations
indicate that these 3D and 2D superconducting components
directly originate from an orbital-selective pairing mechanism
Published by the American Physical Society
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FIG. 1. Fundamental physical properties of a typical superconducting 2H-NbS2 flake. (a) Upper panel: Ball-and-stick crystal
structure of 2H-NbS2 , with blue and yellow balls representing Nb
and S atoms, respectively. Lower panel: The Brillouin zone and
calculated Fermi surface of 2H-NbS2 . S1 and S2 represent Fermi
surface sheets around the  point and SK represents the Fermi surface
sheet around the K point. (b) Schematic illustration and optical image
of the device. Samples with thickness of around 45 nm are intentionally chosen. (c) Temperature dependence of four-terminal resistance
Rxx . The resistance of metallic 2H-NbS2 is generally linear to the
temperature T above 50 K, majorly dominated by electron-phonon
scattering. Inset (1) is the partial enlargement near TC = 5.4 K (defined by 50% RN ), and inset (2) is the Hall resistance Rxy measured
at 4 K. The total carrier density n ≈ 1.78 × 1022 cm−3 is obtained by
linear fitting (red dashed line) of the Rxy -μ0 H relation at high fields.
(d) the HC -T phase diagram. HC is also defined by 50% RN . Note
that, near TC , the HC -T relations significantly deviate from the linear
behavior (see red and blue dashed lines).

in specific subbands with different orbital components. Such
findings provide an opportunity to achieve band-dependent
dimensionality of superconductivity, and to understand the
orbital-selective pairing mechanism in multiband van der
Waals superconductors.
II. RESULTS

We choose 2H-NbS2 as our target material because of
the following three reasons: Firstly, 2H-NbS2 has a van
der Waals layered structure with anisotropic dispersion in
band structures, and shows multiband superconductivity behavior [16,18–21]. At the Fermi level, two electronic states
centered at the  point in the Brillouin zone show 3D behavior while the third state centered at the K point shows
2D-like behavior [Fig. 1(a)]. Secondly, as confirmed by theoretical calculations on the orbital components and the electron
pairing of the subbands [16], the interband coupling between subbands centered at the K and  points of 2H-NbS2
is weak due to the orthogonality of atomic orbitals, making multiband 2H-NbS2 an extraordinary platform to study
the orbital-selective superconducting feature originating from
specific subbands [5]. Thirdly, in contrast to its counterparts
such as multiband superconductors 2H-TaSe2 and 2H-NbSe2

whose superconducting states are mixed with the charge density wave states [17,22,23], pristine 2H-NbS2 has no charge
density wave state in the phase diagram [18,24] and can serve
as a clean system to investigate the orbital-selective multiband
superconductivity.
Figure 1(b) shows a schematic diagram and an optical
photograph of a typical Hall-bar device of 2H-NbS2 , and
Fig. 1(c) presents the corresponding temperature-dependent
four-terminal resistance Rxx . Inset (1) is the partial enlargement of the temperature near the superconducting transition
region, and the superconducting critical temperature TC =
5.4 K is defined by 50% RN , where RN is defined as the normal
state resistance Rxx (6.5 K). The steep decrease of resistance
with temperature provides evidence of a 3D superconductor.
Distinct from its counterpart 2H-NbSe2 , the smooth shape
without resistance bump in the Rxx -T curve above TC implies
the absence of a charge density wave state [22–24].
In order to understand the highly anisotropic behavior of
the upper critical magnetic field of the superconductivity,
the Rxx -T curves under the out-of-plane and in-plane magnetic fields are investigated. The corresponding temperaturedependent phase diagram for the out-of-plane (HC2,⊥ ) and
in-plane (HC2, ) upper critical magnetic fields (defined by
the value of magnetic field when Rxx = 50% RN ) is shown
in Fig. 1(d), and two important things need to be addressed
here: Firstly, when the temperature is below 4.5 K, the linear
HC2 -T relations HC2 ∝ (1 − T /TC ) for both HC2, and HC2,⊥
can be well explained by the conventional anisotropic 3D
Ginzburg-Landau theory, in sharp contrast with those 2D-like
superconducting systems [6] satisfying HC2 ∝ (1 − T /TC )1/2 .
At the temperatures above 4.5 K, the HC2 -T relations for both
HC2,⊥ and HC2, slightly deviate from the linear extrapolations, especially for the T close to TC . The HC2,⊥ is obviously
larger than the extrapolated value and displays a concave
shape, which can be explained by the multiband superconducting nature of 2H-NbS2 . In contrast, the HC2, is slightly
smaller than the linear extrapolation, and such convex shape
of the HC2, implies that 2D superconductivity might also exist
in superconducting thick 2H-NbS2 flakes (more details will
be discussed later). Secondly, the zero-temperature upper crit2
=
ical fields are estimated to be μ0 HC2,⊥ (0 K) = 0 /2π ξab
2.24 T and μ0 HC2, (0 K) = 0 /2π ξab ξc = 25.4 T by extrapolating the linear relation to 0 K, where 0 ≈ 2.07 ×
10−15 Wb is the magnetic flux quantum, ξab is the inplane coherence length, and ξc is the out-of-plane coherence
length. Therefore, the ξab (0 K) is about 12.1 nm, and the
ξc (0 K) is about 1.07 nm. The anisotropy index, ξab /ξc =
11.3, is much larger than that value of approximately 3 in
the 2H-NbSe2 crystal [25], indicating that 2H-NbS2 has even
stronger anisotropy.
To accurately verify the dimensionality of superconductivity associated with each subband, two experimental criteria
are generally used: (1) By comparing the out-of-plane coherence length ξc to the superconducting thickness d, the
superconducting system is considered to be 2D-like if ξc  d,
and vice versa. Note that, compared to the typical thickness d
(35–45 nm; see Supplemental Material Fig. S1 [26]) of our
measured samples, the out-of-plane coherence length ξc is
much smaller (ξc  d). While the ξc value based on the formula derived from single-band superconductors is frequently
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FIG. 2. Confirmation of 2D superconductivity and the analysis of angle-dependent upper critical magnetic field HC (θ ). (a) Rxx -θ relation
at T = 2 K and μ0 H = 12 T. An ultrahigh-resolution rotation system can realize measurements with angle resolution down to 0.01◦ . The
inset indicates the definition of θ in our experiment. (b) The Rxx -μ0 H relation at angles θ near 90◦ . The obtained results exhibit excellent
signal-to-noise ratios. (c)–(e) Fitting results of HC (θ ) at 5.2, 5.0, and 4.5 K. All data points, marked by hollow black circles, are derived from
the Rxx -μ0 H curves at various angles. Different superconducting components are shown by green (2D), red (sharp-2D), and blue (3D) fitting
curves. The fitting results of (c) can directly prove the existence of 2D superconductivity, while the fitting results in (d) imply that there might
be two 2D components (named as the 2D and the sharp 2D) existing in the HC (θ ) measurements. The piecewise function for fitting the HC (θ )
data in (e) is used based on the following angle ranges: (1) the sharp-2D component fits the data within 90 ± 0.2◦ , (2) the 2D component fits
the remaining data in the range of 90 ± 2◦ , and (3) the 3D component fits the remaining data in the range of 0◦ –180◦ .

underestimated for multiband superconductors, leading to
inappropriate confirmation of the superconductivity dimensionality [27], we do not use this criterion in our study. (2)
By determining the shape of HC (θ ) with θ near 90◦ (in-plane
applied magnetic field), the HC (θ ) curve exhibits a cusp peak
in the 2D superconducting scenario, while a round-shaped
peak is expected in the 3D scenario based on the GinzburgLandau theory. The HC (θ ) expression of an anisotropic 3D
superconductor from the Ginzburg-Landau theory [28] can be
described by Eq. (1):




HC2 (θ )sinθ 2
HC2 (θ )cosθ 2
+
= 1.
(1)
HC2,
HC2,⊥
On the other hand, the formula of the HC (θ ) of 2D superconductors [29] is given by Eq. (2) (Tinkham equation):




HC2 (θ )sinθ 2  HC2 (θ )cosθ 
= 1.
(2)
+
HC2,
HC2,⊥ 
Figure 2(a) shows the Rxx -θ relation under magnetic field
μ0 H = 12 T at 2 K, and one can see that our rotator can
reach an ultrahigh angle resolution up to 0.01◦ . Furthermore,
Fig. 2(b) shows the Rxx -μ0 H relation at θ near 90◦ . Both the

above two figures indicate that our sample-rotating measurement system can directly catch the detailed features of the
HC (θ ) relation and the resulting superconducting dimensionality.
As mentioned before, only at the temperature near TC =
5.4 K can we observe the previously discussed deviation
from linear extrapolation of the HC -T relation in Fig. 1(d).
Therefore, the temperature-dependent HC (θ ) fitting starts to
be critical to understand the dimensionality of the superconducting components and their evolution. We first provide the
HC (θ ) fitting curve at 5.2 K in Fig. 2(c). One can see that
Eq. (2) for 2D superconductivity, rather than Eq. (1) for 3D
superconductivity, perfectly fits the HC (θ ) data at 5.2 K, which
is expected. Importantly, we notice that the application of a
piecewise function can have a better fit for the HC (θ ) data
at 5.0 K [Fig. 2(d)] in the following way: an additional 2D
superconducting component (named as “sharp 2D”) with a
sharper cusp peak (red curve) has to be added in the fitting process besides the above 2D superconducting feature (named as
“2D,” corresponding to the green curve). While in the HC (θ )
fitting for 4.5 K [Fig. 2(e)], one more 3D superconducting
component (the third component, blue curve) has to be added
to fit the data appropriately. Detailed discussions about the
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FIG. 3. Distinguishment of 2D and 3D superconductivity based
on the analysis of temperature-dependent HC (θ ). (a) Temperature
dependence of HC, from the three fitted components: the HC3, (2D)
[corresponding to the red curve in Fig. 2(d)], the HC2, (2D) [corresponding to the green curve in Fig. 2(c)], and the HC2, (3D)
[corresponding to the blue curve in Fig. 2(e)], being marked by red,
green, and blue balls, respectively. Note that all the HC, -T curves
are extrapolated to the value of TC . (b) The ratio of HC3, (2D) to
HC2, (3D) as a function of temperature. The values of the ratios are
very close to 1.695, implying that the HC3 (2D) comes from surface
superconductivity of the HC2 (3D). (c) Partial enlargement of (a) near
TC . A crossover between HC3, (2D) and HC2, (2D) can be observed at
T ≈ 5.1 K. (d) Temperature-dependent anisotropy indices HC, /HC,⊥
of the three superconducting components. The trend lines are guides
for the eyes. One can see that, as the temperature increases, the
anisotropy indices for both HC2 (2D) and HC2 (3D) increase, while
that for the HC3 (2D) case decreases.

fitting methods and fitting ranges at different temperatures
based on the piecewise function are presented in Figs. S2–
S4 [26]. These discussions, combined with the characteristics
of the weak subband interactions, prove the rationality of
introducing a piecewise function.
Based on the weak interaction assumption for this multiband superconductor [5,16], the cusp peak of HC (θ ) should be
associated with the superconductivity from the 2D subband,
while the round peak is related with the superconductivity
from the 3D subband. As theoretically confirmed in the band
structure of 2H-NbS2 , there should be only one 2D-like superconducting subband centered at the K point [16], so the
origination of the second 2D superconducting component
needs to be further discussed. In order to study the temperature
dependence of the above three superconducting components,
we systemically analyze HC (θ ) data at various temperatures
from 2.8 to 5.3 K and obtain the following three groups of
fitted HC, values. Similarly, the HC,⊥ fitted values can also
display a nonlinear HC,⊥ -T relation, suggesting the existence
of multiband superconductivity in 2H-NbS2 (Fig. S5 [26]). As
shown in Fig. 3(a), the three groups of μ0 HC, values follow
the given relation: sharp 2D (red) > 2D (green) > 3D (blue)

at the temperature range from 3 to 5 K. Interestingly, the HC,
ratio of the sharp 2D to the 3D [Fig. 3(b)] is close to the
value of 1.695 in a wide temperature range, indicating that
this sharp-2D superconducting component originates from
the surface superconductivity of the 3D component based
on the relation HC3, (2D) ≈ 1.695HC2, (3D) in [1]. In
general, the surface superconductivity can arise from
sample-vacuum and sample-air interfaces, as well as
superconductor/insulator heterostructures [1,2]. For a type-II
superconductor with such kinds of interfaces, when the applied in-plane magnetic field is larger than HC2 , the vortex
cores inside the bulk overlap with each other and superconductivity is thus extinguished, while superconductivity can
still nucleate at the surface of the superconductor and can
survive to an even higher field HC3 due to the boundary
condition which is not imposed in the bulk. Therefore, the
surface superconducting component can separate from the
bulk components in the following two aspects: (1) For the
in-plane critical magnetic field, surface superconductivity can
survive at a higher magnetic field than that of the bulk superconductivity. (2) For separation in real space, the surface
component is localized only at the surface region in our bulk
sample. Both of them make it possible to experimentally
confirm the existence of surface superconductivity. Here, we
assign the critical field of the 3D component as HC2 (3D), and
that of the sharp-2D component as HC3 (2D). Thus, the critical
field of the remaining 2D superconducting component can be
defined as HC2 (2D), which is strongly related to the 2D-like
superconducting subband centered at the K point. Note that
the HC (θ ) relation and the above-mentioned band-dependent
dimensionality of superconductivity are highly reproducible
in all our measured samples (Fig. S6 [26]), and provide us
with the possibility to understand the orbital-selective pairing
mechanism in 2H-NbS2 .
With further HC -T analysis in the temperature range of
4.5–5.5 K, one can see that the value of HC3, (2D) starts to
be smaller than that of HC2, (2D) at the temperature above
5.1 K, as displayed in Fig. 3(c). Note that with ignorable
interaction between subbands, the HC (θ ) values obtained from
experiments should be equal to the maximum values of the
critical field of each superconducting component associated
with a certain subband. Therefore, only one 2D component
can be experimentally observed at 5.2 K [Fig. 2(c)]. We also
plot the anisotropy indices (defined by HC, /HC,⊥ ) of the
three components derived from the fitting results in Fig. 3(d).
For the temperature above 5.1 K, the rising tendency of the
HC2 (2D) component with increasing temperature shows a
remarkable difference from that of the sharp-2D component
associated with surface superconductivity. This can support
our hypothesis that the 2D superconducting component does
not come from surface superconductivity but originates from
the intrinsic property of thick 2H-NbS2 flakes.
Here, we address that our analysis is always validated
and that the above-mentioned phenomena are almost independent of the definition of HC , as presented in Figs. S7–
S9 [26]. Specifically, there is a crossover between the HC,
values of the two 2D superconducting components [shown in
Fig. 3(c)], and such a crossover remains under different HC
definitions. The above experiments and analysis further confirm that the sharp-2D component associated with HC3 (2D)
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comes from the surface superconductivity of thick flakes with
the 3D component HC2 (3D), and that the other 2D component
HC2 (2D), together with HC2 (3D), might be intrinsic superconducting properties of bulk 2H-NbS2 with orbital-selective
multiband nature, originating from the superconducting gaps
centered at the K and  points, respectively. The previous
study on the HC (θ ) of the bulk 2H-NbS2 crystal could only
show evidence of one 3D component with a round peak [30],
probably because the misalignment of mosaic microstructures in the large-size sample broadens the cusp peak in the
HC (θ ) curve. It should be addressed that the Fulde-FerrellLarkin-Ovchinnikov (FFLO) state [31,32] can also exhibit
an anomalous cusp-peak behavior of HC (θ ), which has been
discussed in two recent reports [33,34]. However, note that
the FFLO state typically exists only in an extremely low
temperature range [35], so the fact that the cusp peak in our
observation remains at temperatures up to 5.2 K [over 95% TC
in Fig. 2(c)] excludes the contribution from the FFLO state in
such a multiband superconductor.
As shown by the green curve in the inset of Fig. 2(e),
the HC2, (2D) value cannot be determined directly from the
experimental observation of HC (θ ) due to the larger HC3 (2D)
value within the regime of θ = 90 ± 0.2◦ . Therefore, we
design controlled experiments to suppress the surface superconductivity and to further confirm the existence of the
intrinsic 2D superconducting component of 2H-NbS2 . Here,
we use the following three methods to suppress the surface
superconductivity and the resulting HC3 , including applying a large electric current [36], utilizing a high-pressure
technique [37], or inducing an antiproximity effect [1,2] by
depositing gold film on the 2H-NbS2 surface. Correspondingly, we investigate the multiband superconducting behavior
of 2H-NbS2 with the HC (θ ) measurements for the above three
situations, as shown in Fig. 4 and Fig. S10 [26]. The particular
sample we use for the large current measurement shows a critical temperature TC = 5.7 K with the applied electric current
I = 250 μA, which is very close to the value of the critical
superconducting current [Figs. 4(a), 4(b), and Fig. S11 [26]].
The intrinsic superconducting properties remain the same as
those in the previous measurements with small electric current, while the extrinsic surface superconductivity is expected
to be effectively suppressed by the large current [36]. The
fitting results in Fig. 4(a) apparently contain only one 2D
component associated with HC2 (2D) for T = 4.5 K, while the
HC3 (2D) component originating from surface superconductivity is observed at a lower temperature T = 4.25 K shown
in Fig. 4(b), which is in sharp contrast with the HC3 (2D)
observed at a higher temperature of 5.0 K [Fig. 2(d)]. Note
that the observable temperature of surface superconductivity
shown as the crossover point in Fig. 4(b) (78% TC ) is much
lower than that in Fig. 3(c) (94% TC ). Thus, the surface
superconductivity is significantly suppressed since the large
current density exceeds its critical current value, similar to
the previous report on current-induced suppression of surface
superconductivity [36].
Since a high-pressure technique can effectively suppress surface superconductivity [37] while maintaining the
multiband nature of the superconducting 2H-NbS2 system [20], we perform the HC (θ ) measurement with a
diamond anvil cell high-pressure technique and investigate
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FIG. 4. Investigation of intrinsic 2D superconductivity by applying large electrical current (a), (b) and high pressure (c)–(e). (a) The
HC (θ ) fitting results with a large electric current intentionally chosen
as I = 250 μA for 4.5 K. (b) Temperature-dependent HC, from
the three fitted components, HC3, (2D), HC2, (2D), and HC2, (3D).
These values, marked by red, green, and blue balls, are smoothly
connected by B-spline curves. The crossover temperature decreases
compared with Fig. 3(c), indicating that surface superconductivity
is apparently suppressed, but the HC2 (2D) is still able to maintain
in the large current condition. (c) A cartoon picture for high-pressure
measurement geometry. (d) An optical photograph of the device. The
sample (red dashed line) is covered by hexagonal BN (hBN) film
(green dashed line). (e) The HC (θ ) relation and fitting results under
4.1 GPa. The data points among 90◦ –180◦ are obtained at 2.2 K by
symmetrizing the 0◦ –90◦ data after reaching the maximum magnetic
field. A single 2D superconducting component (green line) shows
good fitting results with Eq. (2) near H  ab.

the band-dependent dimensionality and orbital-selective superconductivity in multiband 2H-NbS2 . Figures 4(c) and 4(d)
present the schematic illustration and optical image of the
device. As shown in Fig. 4(e), the surface superconducting
component associated with HC3 is effectively suppressed under 4.1 GPa at 2.2 K, while the other two superconducting
components still exist in our HC (θ ) fitting results. The ratio HC, (2D)/HC2, (3D) = 9.33/4.74 ≈ 1.97 is significantly
larger than 1.695 [Fig. 3(b)], implying that the observed
2D component under high pressure is associated with the
HC2 (2D) rather than the HC3 (2D). Generally speaking, unlike
the superconductivity associated with the HC3 (2D), the superconductivity correlated with HC2 (2D) seems to be more robust
and cannot be eliminated either by applying a large current
or under high pressure. Therefore, we confirm the superconducting component associated with HC2 (2D) as the intrinsic
superconductivity behavior of 2H-NbS2 . More details of highpressure HC (θ ) analysis are given in Fig. S12 [26].
III. DISCUSSION

The intrinsic HC2 (2D) superconducting component might
come from the strongly anisotropic subband centered at
the K point. According to previous reports on theoretical
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calculation [16] and angle-resolved photoemission spectroscopy [38], together with our ab initio calculations,
intrinsic bulk 2H-NbS2 is a metal with three distinct Fermi
surface sheets [lower panel of Fig. 1(a)]. The hole pockets centered at the  point (marked by S1 and S2 ,
respectively) are mainly contributed by the out-of-plane pz
orbital of S atoms and dz2 orbital of Nb atoms. The third
anisotropic triangular hole pocket centered at the K point
(marked by SK ) is mainly contributed by the in-plane dxy
and dx2 −y2 orbitals of Nb atoms. These Fermi surface sheets
are fully gapped via pairing mediated by electron-phonon
interactions, making 2H-NbS2 an orbital-selective two-gap
Bardeen-Cooper-Schrieffer (BCS) superconductor [16]. The
smaller gap is associated with Fermi surface sheets S1 and
S2 , while the larger one belongs to SK . In sharp contrast to
the BCS pairing on the Fermi surface sheets S1 and S2 , the
hole pocket SK couples with itself by two anharmonic phonon
modes along the -M direction, forming the Cooper pairs
and exhibiting a highly anisotropic superconducting character.
Such reported results [16] strongly support our expectation
of distinguishing two intrinsic pairing mechanisms in this
orbital-selective multiband superconductor. Therefore, we believe that the 3D subband associated with HC2 (3D) might
come from the pairing within S1 and S2 sheets, while the
intrinsic 2D subband associated with HC2 (2D) might originate
from the strongly anisotropic superconducting pairing in the
SK sheet.
Such understandings of the superconducting dimensionalities based on the k-space Fermi surface distribution can be
further extended to the Josephson coupling between superconducting layers in real space. For the case of 2H-NbS2 , since
the interaction between the two superconducting subbands
seems very weak, the effect for the two subbands should be
discussed individually: (1) For the intrinsic 3D superconducting subband, the Josephson coupling can be large to some
extent, leading to the feature of anisotropic 3D superconductivity. (2) For the intrinsic 2D superconducting subband,
however, since the dispersion along the out-of-plane direction
is absent, the Josephson coupling effect becomes extremely
weak. As a result, orbital-selective 2D superconductivity appears even though the superconducting NbS2 layers are in
direct contact.
Combining the above-mentioned discussions on
2H-NbS2 with the calculation and experimental works
on 2H-NbSe2 [7,14], we address that such an orbital-selective
2D superconductivity is also supposed to exist in the
counterpart material, 2H-NbSe2 . However, considering
the small anisotropy index in this system [25], together with
the possible interaction between superconductivity and the
charge density wave phase [17,22,23], the direct experimental
confirmation might be impeded. Our results show that the
pristine 2H-NbS2 sample already hosts 2D superconductivity
without introducing insulating layers to artificially separate
atomically thin superconducting layers. Such understandings
of the band-dependent dimensionalities and orbital-selective
pairing mechanism of 2H-NbS2 help us better understand the
effect of insulating layers between superconducting layers in
artificial superlattices [33], and can also be extended to other
multiband superconductors, such as FeSe and MgB2 [3,39].

IV. CONCLUSION

In summary, based on the comprehensive analysis of
HC (θ ), we experimentally demonstrate the intrinsic orbitalselective 2D superconductivity originating from the strongly
anisotropic 2D superconducting subband from the d orbitals of Nb atoms in thick 2H-NbS2 flakes. Our analysis
of HC (θ ) can be more generally applied to other multiband superconductors to achieve a better understanding of
band-dependent dimensionalities of superconductivity. Thus,
unlike the reported 2D superconductivity with Cooper pairs
confined in nanostructures with limited thickness, such as
monolayers [6,10,40,41], interfaces [42–44], and superlattices [33,45,46], our results can provide a bulk material
platform for 2D superconductivity based on an orbitalselective pairing mechanism in multiband superconductors.
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APPENDIX: MATERIALS AND METHODS
1. Device fabrication

Bulk-form 2H-NbS2 crystal is obtained by a chemical vapor transmission method. The precursors are mixed with a
Nb:S ratio of 1:2.07, and the mixture is heated at 1050 ◦ C
with a ramping rate of 0.8 ◦ C/min, and the temperature is held
constant for 7 days for reaction. Then, the furnace is cooled
to 850 ◦ C with a ramping rate of 0.2 ◦ C/min, and is kept at
this temperature for 1 day for annealing. Finally, the product
is quenched to room temperature by placing it into water.
2H-NbS2 flakes are obtained by mechanically exfoliating the
as-prepared bulk crystal in an N2 glovebox and transferred on
Si/SiO2 substrates with polydimethylsiloxane (PDMS) film.
The polymethyl methacrylate (PMMA) is then spin-coated on
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the substrate and heated at 180 ◦ C for 1.5 min. A standard
electron beam lithography process is used for device fabrication, and 6/50-nm-thick Ti/Au electrodes are evaporated.
The devices are finally spin-coated by PMMA to avoid air
exposure. The thickness of all measured samples ranges from
35 to 45 nm and is confirmed by atomic force microscopy after
transport measurements.

experiments are performed in a screw-pressure-type diamond
anvil cell. The pressure is calibrated using the fluorescence
shift of ruby balls at room temperature.

3. The first-principles calculations

The electronic transport properties of the devices are
measured in Oxford Instruments Teslatron and in a Quantum Design physical property measurement system. Both the
four-terminal resistance Rxx and the Hall resistance Rxy are
obtained using an SR830 (Stanford Research Systems) lock-in
amplifier by AC method with frequency f = 13 Hz. A homemade ultrahigh-resolution sample rotator, whose stepping
motor can reach an accuracy limit up to 0.01◦ , is applied for
characterizing the angular distribution of upper critical magnetic field HC (θ ). The pressure-dependent electronic transport

The first-principles density functional theory (DFT) calculations are performed by using the projector-augmented wave
method [47,48] implemented in the Vienna ab initio Simulation Package (VASP) [49]. The energy cutoff for the plane
wave basis is set to be 600 eV. We use the exchange correlation functional of generalized gradient approximation with
Perdew-Burke-Ernzerhof type to relax the lattice and calculate
the electronic structures, and the van der Waals correction
with the DFT-D2 method [50] is also included to describe the
interlayer coupling correctly. For the self-consistent electronic
structure calculations, we set the energy convergence criterion
as 10−6 eV and the k-point mesh as 24 × 24 × 8 over the
whole Brillouin zone.
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