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Nematic Ising superconductivitywith hidden
magnetism in few-layer 6R-TaS2

Shao-Bo Liu1,12, Congkuan Tian1,2,12, Yuqiang Fang3,12, Hongtao Rong4,12,
Lu Cao 5, Xinjian Wei2, Hang Cui1, Mantang Chen1, Di Chen 2, Yuanjun Song2,
Jian Cui2, Jiankun Li2, Shuyue Guan1, Shuang Jia 1, Chaoyu Chen 4,
Wenyu He 6, Fuqiang Huang 3 , Yuhang Jiang 5 , Jinhai Mao 7,
X. C. Xie1,8,9, Kam Tuen Law 10 & Jian-Hao Chen 1,2,9,11

In van der Waals heterostructures (vdWHs), the manipulation of interlayer
stacking/coupling allows for the construction of customizable quantum sys-
tems exhibiting exotic physics. An illustrative example is the diverse range of
states of matter achieved through varying the proximity coupling between
two-dimensional (2D) quantum spin liquid (QSL) and superconductors within
the TaS2 family. This study presents a demonstration of the intertwined phy-
sics of spontaneous rotational symmetry breaking, hidden magnetism, and
Ising superconductivity (SC) in the three-fold rotationally symmetric, non-
magnetic natural vdWHs 6R-TaS2. A distinctive phase emerges in 6R-TaS2
below a characteristic temperature (T*) of approximately 30K, which is char-
acterizedby a remarkable set of features, including a giant extrinsic anomalous
Hall effect (AHE), Kondo screening, magnetic field-tunable thermal hysteresis,
and nematic magneto-resistance. At lower temperatures, a coexistence of
nematicity and Kondo screening with Ising superconductivity is observed,
providing compelling evidenceof hiddenmagnetismwithin a superconductor.
This research not only sheds light on unexpected emergent physics resulting
from the coupling of itinerant electrons and localized/correlated electrons in
natural vdWHs but also emphasizes the potential for tailoring exotic quantum
states through the manipulation of interlayer interactions.

2D transition metal dichalcogenides (TMDs) have attracted consider-
able interest as fascinating quantum materials, exhibiting intricate
interplay between charge, spin, and lattice degrees of freedom with
strong spin-orbit coupling (SOC)1,2. This unique combination leads to

the emergence of multiple intertwined orders with similar energies,
giving rise to exotic physics that holds great potential for next-
generation quantum devices1–3. In particular, the assembly of TMDs
into vdWHs offers exciting prospects for realizing unexpected
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electronic ground states that are not present in the individual con-
stituent layers2,4–8. Some of these states include nematicity, uncon-
ventional Ising superconductivity and chiral spin liquids4,6,9–11.

Ising superconductivity in TMDs, such as 2H-MoS2, is generally in-
plane isotropic12. A few exceptions, such as few-layer 1Td-MoTe2, 2H-
NbSe2 and 2M-WS2, possess in-plane anisotropic Ising-like
superconductivity13–15. The mechanisms underlying this anisotropy
have been under debate, with proposals such as anisotropic SOC13,
competing superconducting order parameters14 and spin-orbit-parity
coupling15. Hence, data from additional in-plane anisotropic Ising
superconductorswouldhelp to unravel this puzzle. Another important
physical effect, the AHE, typically found inmagnetic systemswith spin-
dependent scattering16, in topological materials with nontrivial Berry
phase17, or in systems with non-coplanar spin structures18,19, could be
an indication of time-reversal symmetry breaking (TRSB). Recent
reports of giant extrinsic AHE and TRSB in non-magnetic kagome
metals AV3Sb5

20–23 and ScV6Sn6
24,25 suggest the involvement of chiral

charge order induced loop currents. Thus, unveiling AHE in non-
magnetic systems is of great importance to advancing scientific
understanding in this field.

The non-magnetic TMDs 6R-TaS2 represents a promising natural
vdWH26,27, with alternating 2D layers of trigonal-prismatic 1H-TaS2 and
octahedral 1T-TaS2. Single layer 1H-TaS2 is shown to exhibit SOC-driven
Ising superconductivity28 with a conventional s-wave order
parameter29–31, while single layer 1T-TaS2 is proven to be a correlated

Mott insulator hosting a gapless QSL ground state32,33. Below 200K,
single layer 1T-TaS2 undergoes a

ffiffiffiffiffi

13
p

×
ffiffiffiffiffi

13
p

charge-density wave (CDW)
transition, leading to the formation of a “start-of-David” deformation
of the Ta atoms with localized electrons on an emergent frustrated
triangular superlattice32–34. The electron spins of this superlattice are
devoid of magnetic ordering due to strong frustration and quantum
fluctuations, creating a QSL5,34 (Fig. 1b). Thus, differently stacked 1H
and 1 T layers in the TaS2 family become a fruitful source of exotic
physics. Recent spectroscopic studies have revealed Kondo coupling
between the itinerant (1H) and the localized (1T) electrons in MBE
grown single layer 1H/1T heterostructures of TaS2 and TaSe2

5,8. How-
ever, in another natural vdWHs 4Hb-TaS2, Kondo coupling and nematic
Ising superconductivity is absent deep in the superconducting
state6,35–38. Furthermore, transport signature of intertwined nematicity
and local time-reversal symmetry breaking in 1H/1 T TaS2 vdWHs has
been elusive so far.

In this work, we provide solid experimental evidence of the
emergence of a hidden order in 6R-TaS2 thin flakes below a char-
acteristic temperature T* ~ 30K. Such hidden order simultaneously
breaks local time-reversal symmetry and in-plane rotational symmetry,
and persists below the superconducting transition temperature. The
coexistenceof thehiddenorderwith Ising superconductivity produces
strongly nematic Ising superconductivity with simultaneous Kondo
screening in the 1T-layer. The origin of the nematic Ising super-
conductivity is narrowed down to anisotropic Ising SOC13,
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Fig. 1 | Natural van der Waals heterostructures (vdWHs), quantum spin liquid
(QSL) candidate andnematic Ising superconductivity (SC) in few-layer 6R-TaS2.
a Crystal structure of 6R-TaS2 in three different angle views, exhibiting three-fold
rotational (C3) symmetry along the c axis with broken inversion symmetry. The blue
dashed lines represent a triangular lattice. The black dashed boxes represent a unit
cell. b Schematics of a 1T/1H bilayer comprising one-third of the 6R-TaS2 unit cell.
The localized moments in the 1 T layer interacts with the Ising superconducting 1H
layer through Kondo coupling (JK) or proximity effect. c Resistivity vs. T at zero
magnetic field for 6R-TaS2 device #1 for T from 0.3 K to 360K. Inset shows the
zoom-in view of the superconducting transition. Here, TCDW and Tonset

c represents

the charge-density-waves transition and superconducting onset transition tem-
peratures, respectively. d Polar plot of angular-dependent normalized in-plane
resistanceRab/RN for device #1 under various T near the Tonset

c atB// = 5 T, where the
magnetic field angle α with respect to x axis ranges from 0° to 360°. Here, B//

represents the in-plane magnetic field, and RN represents the normal state resis-
tance at temperatures just above the superconducting transition. e Normalized in-
plane upper critical field H==

c2=Hp vs. reduced temperature T/Tc along the in-plane
directions of α = 90° (solid dots) and 0° (empty dots). The brown dashed line
denotes the normalized Pauli limit Hp.
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unconventional mixed pairing channels14, or nematicity from the
normal state; while the hidden magnetism is attributed to proximity
coupling between 1H and 1 T TaS2 layers4,39. Our study provides a
platform in the exploration of intertwined physics of nematicity, hid-
den magnetism and unconventional Ising superconductivity in non-
magnetic TMDs vdWHs. A summary of the variety of interesting
properties of the TaS2 family with different interlayer coupling can be
found in Supplementary Fig. 1.

Results
Nematic Ising superconductivity in thin flake 6R-TaS2
The crystal structure of 6R-TaS2 consists of alternating 1H-TaS2 and 1T-
TaS2 layers, which exhibits three-fold rotational (C3) symmetry along
the c axis with broken inversion symmetry26 (Fig. 1a). The magneto-
transport properties of superconducting and normal state 6R-TaS2
were studied in various sample thicknesses. The device fabrication
process and characterization can be found in Methods and Supple-
mentary Figs. 2–6. Three 6R-TaS2 thin flake devices, device #1 (with a
thickness of 43.5 nm), device #2 (20.7 nm), and device #3 (7.9 nm), as
well as bulk crystals, were investigated.

We found that all the thin flake devices exhibit 2D nematic Ising
superconductivity. Data from device #1 is shown in Fig. 1c–e as well as
in Supplementary Figs. 7 and 8. Similar data from devices #2 and #3
can be found in Supplementary Figs. 8–11. Figure 1c plots the
temperature-dependent resistivity of device #1 at zero magnetic field.
Several kinks at around300K represent the variousCDWtransitions of
the sample26,27, and the superconductivity transition at around 2K is
shown in the inset. Figure 1d is the polar plot of the normalized in-
plane resistance Rab/RN of device #1 from below Tc to above Tc with
rotating in-plane magnetic field B// = 5 T, where α ranges from 0° to
360° is themagneticfield anglewith respect to the x axis. Two-fold (C2)
nematicity in the superconducting state is evident, withminima of Rab/
RN appearing at α = 90° and 270° and maxima at α =0° and 180°.
Angular-dependent in-plane upper criticalfieldH==

c2ðαÞ (Supplementary
Fig. 7e) and angular-dependent critical current IcðαÞ (Supplementary
Fig. 7f) of device #1 also shows the same nematic behavior of Rab/RN.
Furthermore, this anisotropy is pronounced in the superconducting
state (T<Tonset

c ∼ 2K), while it becomes undetectable at B// ≤ 5 T
immediately above Tonset

c (Fig. 1c). The above evidence unambiguously
indicates that the two-fold anisotropy arises from nematic super-
conducting state rather than from resistance anisotropy9.

Figure 1e shows the H==
c2=Hp versus reduced temperature T/Tc for

α = 0° and 90° in 6R-TaS2 devices #1-#3, where Hp is the Pauli limit. In
all the devices, H==

c2 exceeds the Pauli limit for both B// directions,
demonstrating nematic Ising superconductivity in the materials. The
in-plane anisotropy obtained from H==

c2,max=H
==
c2,min ranges from ~2.6 to

6.5, which is much larger than previous results of Ising-like
superconductors13–15. Additionally, nematic behavior is observed
throughout the superconducting state of 6R-TaS2, in contrast to the
isotropic behavior observed in the ultra-low T regime of another
vdWHs 4Hb-TaS2

6. We have ruled out trivial origins of theC2 behaviors,
including current induced vortex motion40, strain stress and mis-
alignment of magnetic field (details in Supplementary Figs. 13, 14),
leaving the only possibility of nematic Ising superconductivity. Toge-
ther with evidence shown later in the text, we argue that this state
emerges with the hidden order formed at the normal state of the
material.

Nematicity and hidden magnetism below T* ~ 30K
Above the superconducting temperature and below the CDW transi-
tion temperature, a hidden order is found in 6R-TaS2 below T* ~ 30 K,
which is characterized by the concurrent emergence of nematicity and
hiddenmagnetism. Figure 2a shows the derivative resistance (dRab(T)/
dT) of device #1 at zero magnetic field, exhibiting an abrupt change at
around30K. Figure 2bpresents the longitudinalMRofdevice#1 under

14 T of out-of-plane magnetic field B⊥, together with the two-fold
anisotropic MR (AMR=ΔR/Rmin(α)) under 14 T of in-plane magnetic
field B//. Although MR and AMR are from completely different mea-
surement configurations, we found that they could be easily scaled
together, and both exhibit an upturn at around 30K. Figure 2c plots
the Hall resistivity of device #1 at various temperatures from 3K to
80K, with nonlinear Hall curves apparent at low temperatures.
Since such nonlinear Hall curves mainly exhibits two sections with
different slops (Hall resistance RH), we plot RH of the low and high
magnetic field regions in Fig. 2d, where a bifurcation of the two RH is
found below T* ~ 30K. Figure 2e shows the anomalous Hall con-
ductivity σAHE versus temperature, which again exhibits an upturn
below T* ~ 30K. Figure 2f depicts σAHE insensitive to the angles θ
between the magnetic field and the c-axis (up to 75° for T = 8K, and
> 45° for T = 21 K and 25.5 K), proving that the observed signal is indeed
AHE20,21. Similar data from devices #2, #3 and #bulk can be found in
Supplementary Figs. 18–20.

To our knowledge, no AHE has been reported in other non-
magnetic TMDs. And the AHE in 6R-TaS2 is not associated with a CDW
transition, in contrast to the CDW-induced AHE in non-magnetic
kagomemetals AV3Sb5

20,21 and ScV6Sn6
25. Furthermore, below T* ~ 30K,

a magnetic field-tunable thermal hysteresis loop (tunable by magnetic
field up to ~20% and independent of theMR) is observed in the normal
state resistance curve (Fig. 2g–i and Supplementary Figs. 21 and 22),
suggesting a first-order phase transition which is not associated with
conventional structural transitions, but rather, with an electronic
symmetry breaking process arising fromorbital41–43 or spin44,45 degrees
of freedom. Indeed, there has been no report of structural or con-
ventional magnetic phase transitions in 6R-TaS2 ~30 K26,27,46–48. The
above results unveil a hidden order with intertwined nematicity and
hidden magnetism below T* ~ 30K in 6R-TaS2. The coexistence of the
hidden order with Ising superconductivity produces strongly nematic
Ising superconductivity with simultaneous Kondo screening in the
1T layer.

Giant extrinsic AHE and Kondo resonance in 6R-TaS2
AHE reflects the anomalous transverse velocity of charge carriers via
extrinsic (side-jump or skew-scattering) and intrinsic mechanisms16.
Figure 3a plots σAHE versus σxx of device #1, #2, and #3 together with
data from other materials in the literature, spanning over the side-
jump (σAHE / σ1:6

xx ), intrinsic (σAHE / constant), and skew-scattering
(σAHE / σxx) regimes16. The linear dependence of σAHE versus σxx is not
obvious with a log-log scale in Fig. 3a, and can be clearly seen in Fig. 3b
with a linear scale, similar to previous results in MnGe19, gated
CsV3Sb5

49 and doped Fe16,50, pointing to the extrinsic skew-scattering
origin16,19,49,50. Note that AHE is rarely found in non-magneticmaterials,
with limited examples such as kagome metals AV3Sb5 and ScV6Sn6
(chiral-CDW effects)20,21,25, Weyl semimetal ZrTe5 (Berry curvature
effects)17, and 6R-TaS2 in this work.

In order to elucidate the origin of AHE, we performed scanning
tunneling spectroscopy (STS) on 6R-TaS2 bulk crystals with 1H and 1 T
termination at temperatures ranging from 0.3 K to 12 K. The STS
spectra on the 1H termination (Fig. 3c, d) reveal a normal metal to
superconductor phase transition at ~2.5 K with a V-shaped nodal-like
pairing gap Δ ~ 0.53meV, proving 6R-TaS2 as a strong-coupling
superconductor (2Δ/kBTc ~ 4.7), in contrast to 4Hb-TaS2 as a weak-
coupling superconductor (2Δ/kBTc ~ 3.2)11,35,37. More interestingly, no
clear superconducting gap is found in the 1 T termination (Fig. 3e, f),
while Kondo screening emerges on each of the CDW centers below
~12 K (normal state) and persists down to 0.3 K (deep inside the
superconducting state). The Kondo resonance in 6R-TaS2 is due to the
screening of the localized spins on the CDW sites by the metallic 1H
layer underneath5, possibly constituting a Kondo lattice like the arti-
ficial 1H/1 T heterojunctions5, which is further supported by the spatial
dI/dV spectroscopic mapping of Kondo resonance at 4.2 K and 0.3 K
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(Supplementary Figs. 26 and 27). The quantitative analysis of Kondo
resonance and Kondo coupling JK can be seen in Supplemen-
tary Fig. 25.

Based on all the findings presented above, we propose that spin-
dependent coupling between the 1 T and 1H layers in 6R-TaS2 induces
the unconventional hidden magnetism in 6R-TaS2 below T*; the spin
state of the QSL in the 1 T layer may be significantly altered, i.e., the
highly fluctuating spins may acquire additional broken symmetries
akin to the chiral spin liquid phase4,18,51,52. It serves as magnetic scat-
tering impurities without overall net magnetization, giving rise to the
large extrinsic AHE in the normal states and hidden magnetism per-
sisting down to the superconducting state in 6R-TaS2.

Phase diagram of nematicity, hidden magnetism and Ising SC
A global phase diagram of the nematicity, hidden magnetism and
unconventional Ising superconductivity in 6R-TaS2 crystals is con-
structed with our experimental findings (Fig. 4a). The phase diagram
can be divided into three regions: the isotropic region (gray color), the
nematic normal state region with hidden magnetism (blue color), and
the nematic Ising superconductivity region with Kondo screening (red
color). The first region starts from high temperature down to 30K,
where the crystal is effectively featureless after the CDW transitions at
~305 K, with isotropic in-plane MR (anisotropy <0.5%) down to 30K.
The second region is the normal state below T* ~ 30K, where nemati-
city and hiddenmagnetism emerge simultaneously. Here nematicity is

Fig. 2 | Hidden order with intertwined physics of nematicity, anomalous Hall
effect (AHE), and magnetic field-tunable thermal hysteresis around T* ~ 30K
for device #1. a T-dependent derivative in-plane resistance (dRab/dT) at zero
magnetic field, showing an abrupt change at around T* ~ 30K. Inset shows mea-
surement configuration, with the S and D represents source and drain electrode,
respectively. b T-dependent longitudinal magnetoresistance (MR) under B⊥ = 14 T
(extracted from Supplementary Fig. 15) and anisotropic magnetoresistance (AMR)
under B// = 14 T (extracted from Supplementary Fig. 16), exhibiting a concurrent
upturn at T* ~ 30K. Here B⊥ represents the vertical magnetic field. c Hall resistivity
ρxy(B⊥) at various T from 3K to 80K, with nonlinear Hall curves apparent
below T* ~ 30K. Inset shows measurement configuration. d T-dependent Hall
coefficientRH � dρxy=dB extracted from both low and highmagnetic field regions,
exhibiting a bifurcationbelowT* ~ 30K.eT-dependent anomalousHall conductivity

σAHE (mainpanel) andmagneticfield-dependent σAHE (inset) at variousT, exhibiting
an upturn in σAHE below T* ~ 30K. The Hall conductivityσxy =�ρxy=ðρ2

xx +ρ
2
xyÞ, then

σAHE obtained by subtracting the local linear ordinary Hall conductivity back-
ground. Here ρxx is the longitudinal resistivity. f σAHEðθÞ=σAHEð0° Þ vs. θ, where θ is
the angle between themagneticfield and the c axis under various T (extracted from
Supplementary Fig. 17). Inset shows measurement configuration. g–i Magnetic
field-tunable thermal hysteresis. g T-dependent resistance with decreasing and
increasing T underB⊥ =0T and 8T. Inset is a zoom-in plot of the thermal hysteresis
at zero field. h T-dependent ΔR (difference in resistance between warming and
cooling ramps), exhibiting the temperature range (between ~11 K to 30K) of the
thermal hysteresis. i B⊥-dependent integral area of the hysteresis loop and B⊥-
dependent longitudinal MR at T = 15 K (extracted from Supplementary Fig. 21). The
loop area is clearly independent of the MR.
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characterized by in-plane AMRas defined in Fig. 2b; hiddenmagnetism
is characterized by 1) large extrinsic AHE under B⊥, 2) magnetic field-
tunable thermal hysteresis and 3) Kondo screening as shown in
Figs. 3 and 4. The third region is the nematic Ising superconductivity
coexisting with Kondo screening at the lower left corner of the phase
diagram, defined as the resistivity of the sample below 90% of normal
state resistivity RN (purple dots in Fig. 4a), under temperature-
dependent critical in-plane fields along α = 90°. Since the orientation
of the nematicity is the same for the normal state and the super-
conducting state, we can conclude that nematicity of the hidden order
coexist with Ising superconductivity and substantially modified the
superconducting gap in different in-plane directions, producing up to
~10,000% of anisotropy in resistivity. More intriguingly, when a small
out-of-plane magnetic field is applied to suppress the super-
conductivity, the AHE effect is immediately visible without any inter-
mediate state (Supplementary Fig. 28), together with the Kondo
screening detected by STS below the superconductivity temperature,
proving the coexistence of hidden magnetism and nematic Ising
superconductivity in the material.

Some key points are worth noting from the phase diagram
(Fig. 4a). First, the hidden phase in 6R-TaS2 (T* ~ 30K), driven by the
particular coupling between the 1 T and 1H layers in the 6R phase, is

different from the spin liquid phase proposed in bulk 1T-TaS2 which
persists up to 200K32–34; Second, 6R-TaS2 is the first material in the
TaS2 family to exhibit an AHE, which interestingly echoes with theo-
retical prediction of AHE in triangular lattice systems with Kondo
coupling of itinerant electrons and a chiral spin texture53; Third, both
the nematic normal state and nematic Ising superconductivity has
never been reported in the TaS2 family, which are absent in both the
single layer 1H-TaS228 and in ultra-low temperature limit of super-
conducting 4Hb-TaS2

6. Fourth, the coexistence of superconductivity
and Kondo resonance in 6R-TaS2 has not been observed in either the
artificial 1H/1T heterojunctions5 (without SC gap on its 1H layer) or the
natural vdWHs 4Hb-TaS2 (without Kondo resonance on its 1 T layer)36.
We argue that although Kondo coupling may occur in all cases (Sup-
plementary Fig. 1), subtle differences in the coupling can lead to large
variation in the spin states of the 1 T layer as well as the electronic
nematicity in the 1H layer, leading to marked differences in the QSL
phases and other exotic physics. Thus manipulating interlayer stack-
ing/coupling of vdWHs may help to construct customizable quantum
systems with promising properties (Supplementary Fig. 1)54. Fifth, we
note that the origin of the hidden magnetism in 4Hb-TaS2 is still under
debate, including theoretical mechanisms related to CSL52, vison-
vortex nucleation with ℤ2 topological order

55, and type-II heavy Fermi
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Fig. 3 | Extrinsic AHE with linear scaling relation and Kondo resonance in non-
magnetic transitionmetal dichalcogenides (TMDs) 6R-TaS2. aMapof AHE (σAHE

vs. σxx) for various materials in double logarithmic coordinates, spanning over the
side-jump (σAHE / σ1:6

xx ), intrinsic (σAHE / constant), and skew-scattering
(σAHE / σxx) regimes. The solid lines are the linear fitting of σAHE vs. σxx for 6R-TaS2
device #1, #2 and #3. The dashed line is the linear fitting of σAHE vs. σxx for MnGe19.
b The linear dependence of σAHE vs. σxx for 6R-TaS2 samples with a linear scale. c T-
dependent dI/dV spectrum of the 1H layer at zero magnetic field (Vs = −5mV,

I = 400pA). d Zero-field scanning tunneling spectroscopy (STS) of the super-
conducting gap at T =0.3 K and atomically resolved topography of the 1H layer
(inset). The red dot shows the location where the STS spectra were measured.
e Kondo resonance in the 1T layer from 0.3 K (superconducting state) to up to 12 K
(normal state) (Vs = −50mV, I = 400pA). f Kondo resonance of the 1T layer at
T =0.3 K. Inset shows scanning tunneling microscopy (STM) topography of the 1 T
layer with the
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charge-density-wave (CDW) pattern. The red dot shows
the location where the STS spectra were measured.

Article https://doi.org/10.1038/s41467-024-51631-z

Nature Communications |         (2024) 15:7569 5

www.nature.com/naturecommunications


liquids56. For 6R-TaS2, we cannot rule out these three possible
mechanisms for the origin of hidden magnetism, as the complex
interactions between the 1H and 1 T layers may lead to various possi-
bilities for the spin state of 1 T. On the other hand, nematicity57 has
been observed both in the normal state of cuprates58, iron-based59,
kagome superconductors60, as well as in the superconducting state of
magic-angle graphene9, doped Bi2Se3

61 and NbSe2
14. Although the

microscopic origin is still unclear, nematicity may coexist, cooperate,
or compete with other orders9,57,62. The discovery of a nematic elec-
tronic state and hidden magnetism in the normal phase 6R-TaS2 that
cooperate with the Ising superconductivity points to the unconven-
tional nature of this hidden order in the material.

Discussion
In conclusion, a hidden order is found in 6R-TaS2 below T* ~ 30 K that is
characterized by simultaneous emergence of nematicity and hidden
magnetism. The development of hidden magnetismmay be related to
significantly altered QSL state which acquire additional broken sym-
metries.Magneto-transport and scanning tunneling spectroscopy data
strongly suggest a coexistence of hiddenmagnetismand nematic Ising
superconductivity in 6R-TaS2. The entangled physics of unconven-
tional nematic Ising SC, strong-coupling SC, hidden magnetism,
Kondo screening, and
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×
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p

CDW in 6R-TaS2 may provide a
fertile ground for the exploration of pair density waves63,64, chiral
superconductivity11, Yu-Shiba-Rusinov (YSR)–like bound states7, spin
triplet superconductivity65 andmore. Thiswork unveils thepotential of
natural van der Waals heterostructures as a promising platform for
exploring the intertwined and exotic physics.

Methods
Single crystals growth
Single crystal samples of 6R-TaS2 have been prepared by phase tran-
sition of 1T-TaS2 to 6 R at 800 °C in an inert atmosphere26,27. The pure
1T-TaS2 single crystals were firstly synthesized by the chemical vapor
transport (CVT) method using the raw materials of tantalum powder
(99.9%,) and sulfur powder (99.999%), combined in amolar ratio of 1:2.

Meanwhile, the transport agent iodine spheres (99.99%) weighing
0.25 g/cm3 were placed into a crucible. Then, the crucible was sealed in
a quartz tube under a high vacuum (pressure below 10−5 Torr). This
assemblywas thenplaced in a two-zone furnacewith 1274 K for the end
containing the mixture and 1224 K for the growth end. After about
200h, the quartz tube was rapidly quenched into ice water. Then 1T-
TaS2 single crystals can be obtained. At last, the 1T-TaS2 single crystals
were further heated at 800°C in evacuated quartz tubes to obtain the
6R-TaS2 single crystal samples.

Single crystals characterizations
The sample has been characterized by diffraction (XRD) studies in
θ–2θ geometry using lab-based sources. A Quantum Design Magnetic
Property Measurement System (MPMS-3) was used to measure the
temperature- and field-dependent magnetization of the samples. The
thickness of the various samples was measured using Atomic Force
Microscopy (AFM).

Device fabrication
Al2O3-assisted exfoliation technique was used to obtain thin flakes of
6R-TaS2 crystals with a thickness of down to 7.9 nm (more details in
Supplementary Fig. 3). Standard e-beam lithography was used to pat-
tern electrodes, followed by e-beam evaporation of Ti (5 nm) and Au
(100nm). The device fabrication process was carried out in an inert
atmosphere and vacuum to minimize sample oxidation, and samples
were briefly exposed to air only under PMMAcapping layer protection.
More details of device fabrication process can be found in Supple-
mentary Fig. 4.

Transport measurements
Transport measurements were conducted at temperatures between
0.3 K and 360K with magnetic fields up to 14 T using an Oxford
Teslatron cryostat and a Quantum Design PPMS. Lock-in amplifiers
were used to measure longitudinal resistance (Rxx) and Hall resistance
(Rxy) at a frequency of 17.77Hz with an AC current of 10 μA for nano-
devices and 2mA for the bulk devices. Changing the magnetic field

Fig. 4 | Phase diagram of nematicity, hidden magnetism and Ising super-
conductivity in 6R-TaS2. a B// - T phase diagram of 6R-TaS2 (device #1), divided
into three regions: the isotropic region (gray color), theweaklynematicwith hidden
magnetism region (blue color), and the nematic Ising superconductivity with hid-
den magnetism region (red color). The purple dots are the boundary between
nematic Ising superconducting state and weakly nematic normal state, represent-
ing the upper critical field along α = 90° determined by the 90% RN criterion

(extracted from Supplementary Fig. 6g). The yellow ribbon around T* is the
boundary between the weakly nematic and isotropic normal state regions. The
color scale represents nematicity defined as ½RmaxðαÞ � RminðαÞ�=Rmin(α)(%) and
extracted from the AMR (See Supplementary Fig. 16). b–d The representative in-
plane AMR curves R(α) at 5 K and 10 T (blue color region), 1.6 K and 2 T (red color
region), 40 Kand 10 T (gray color region), respectively. e In-planeAMRcurves at 5 K
measured with B// from 1 T to 14 T.
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direction was achieved by rotating the sample holder. To eliminate the
influence of the slight Hall signals on the raw data of angular depen-
dence of resistivity, the resistivity taken at every angle has been aver-
agedwith positive andnegativemagneticfields. The in-plane resistivity
was measured by the standard four-electrode method. Additionally,
the c-axis resistance for the bulk sample was measured by the four-
electrode method with the Corbino-shape-like configuration. Various
resistivity/resistance quantities have been used in this experiment, and
their definitions are summarized in the following: Rab represents the
resistance in the ab plane, Rc is the out-of-plane resistance, Rxx and Rxy

represent longitudinal resistance and transverse Hall resistance,
respectively; while ρxx and ρxy represent longitudinal resistivity and
transverse Hall resistivity, respectively.

STM/STS measurements
Bulk 6R-TaS2 samples were cleaved in an ultrahigh vacuum chamber
at room temperature, and then immediately inserted into the STM
head for further topography and spectrum measurements in con-
tinuous ultrahigh vacuum. STM measurements were performed using
PtIr tips that were well-calibrated on Au(111) surface. All the dI/dV
spectrum were taken using the standard lock-in technique (frequency
f = 973Hz) with a small AC modulation (Vmod = 0.05mV) added to the
DC bias.

Data availability
Source data are provided in this paper. Data for figures that support
the current study are available at https://doi.org/10.7910/DVN/
IUPOMC. All raw data generated during the current study are avail-
able from the corresponding authors upon request.
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