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Thequantumspin Hall(QSH)statewasrecently
demonstratedin monolayersofthetransition metal
dichalcogenide1T’-WTe2andischaracterizedbyaband
gapinthetwo-dimensional(2D)interiorandhelicalone-
dimensional(1D)edgestates[1–3].Inducingsupercon-
ductivityinthehelicaledgestateswouldresultina1D
topologicalsuperconductor,ahighlysought-afterstate
of matter[4]. Inthepresentstudy, weuseanovel
dry-transferfliptechniquetoplaceatomically-thinlay-
ersof WTe2onavander Waalssuperconductor,NbSe2.
Usingscanningtunneling microscopyandspectroscopy
(STM/STS),wedemonstrateatomicallycleansurfacesand
interfacesandthepresenceofaproximity-inducedsuper-
conductinggapintheWTe2forthicknessesfromamono-
layerupto7crystallinelayers.Attheedgeofthe WTe2
monolayer,weshowthatthesuperconductinggapcoex-
istswiththecharacteristicspectroscopicsignatureofthe
QSHedgestate.Takentogether,theseobservationspro-
videconclusiveevidenceforproximity-inducedsupercon-
ductivityintheQSHedgestatein WTe2,acrucialstep
towardsrealizing1Dtopologicalsuperconductivityinthis
vanderWaalsmaterialplatform.

Atopologicalsuperconductorisastateofmatterclassified
byapairinggapthatgivesrisetoprotectedgaplessexcita-
tionsatitsboundaries. Contemporaryinterestintopologi-
calsuperconductorshasbeendrivenbythesegaplessexci-
tations,thoughttobeemergentMajoranaquasiparticleswith
non-abelianstatistics[5–8].Onepathtowardtopologicalsu-
perconductivityistorealizeanintrinsicspinlessp-wavesu-
perconductor[9]. Apowerfulalternativeisbyusingacon-
ventionals-wavesuperconductortoinduceCooperpairingin
topologicallynon-trivialstatesviathesuperconductingprox-
imityeffect,resultinginaneffectivep-wavepairing[10].This
approachhasbeenemployedtoengineer2Dtopologicalsu-
perconductivityinepitaxialtopologicalinsulatorfilmsgrown
onasuperconductingsubstrate[11,12],and1Dtopologi-
calsuperconductivitybyproximitizingaquantumspinHall
(QSH)stateinburiedepitaxialsemiconductorquantumwells
[13,14]. Whilesuchdemonstrationsmarkimportantmile-
stones,thereareclearadvantagesforexploringtopologicalsu-
perconductivityinthevanderWaalsmaterialplatform.Using
layered2Dmaterialsallowsthe2DQSHedgetobeproximi-
tizedinverticalheterostructures,circumventingthelengthre-
strictionsoflateralproximity-effectgeometries.Furthermore,
thesurfacesandedgesarereadilyavailableforsurfaceprobes,

allowingdetectionandfundamentalstudyofsignaturesofthe
topologicalsuperconductingstate.

Followingrecenttheoreticalpredictions[15],anintrinsic
QSHstatewasdemonstratedinamonolayer(ML)of1T’-
WTe2[1–3,16–18]. WTe2isattractiveforstudyingtheQSH
edgemodesbecauseitcanbereadilyincorporatedinvander
Waalsheterostructuresandhasshownquantizededgeconduc-
tanceupto100K[3].Furthermore,MLWTe2wasrecently
alsoshowntohostintrinsicsuperconductingbehaviorbelow
∼1Kwhenelectrostaticallygatedintotheconductionband
[19,20].

Inthepresentwork, westudy mechanically-exfoliated
single-andfew-layersofWTe2whichhavebeentransferred
ontoavander Waalss-wavesuperconductor,NbSe2. We
showthatthisapproachinducesasuperconductinggapinthe
WTe2withouttheneedforelectrostaticdopingandyields
acriticaltemperaturemuchhigherthanthatoftheintrinsic
WTe2superconductivity,anexperimentaladvantagewhich
greatlyfacilitatesstudiesoftheinterplayofsuperconductiv-
ityandtheQSHedgemodes. Weemployscanningtunneling
microscopyandspectroscopy(STM/STS)toinvestigatethe
proximity-inducedsuperconductinggapasafunctionoftem-
perature,magneticfield,and WTe2thickness. Byspatially
resolvingthespectroscopicfeaturesoftheWTe2,wefindthat
thesuperconductinggapcoexistswiththeQSHsignatureat
theMLWTe2edge,demonstratingcriticalstepstowardiden-
tifying1DtopologicalsuperconductivityinavanderWaals
materialsystem.

Wehavedevelopedanovelfabricationtechniquewhichen-
ablestheassemblyanddeterministicplacementofvander
Waalsheterostructures(Fig.1a). Thoughsimilarmethods
havebeenusedtofabricatecomplexencapsulatedmesoscale
devices[21],critically,ourtechniqueproducesatomically-
cleansurfacesofair-sensitivematerialssuitableforscanning
probemeasurements.Figure1bshowsanSTMimageofa
heterostructurewheretheWTe2MLedgeandtheunderlying
NbSe2arevisible,showingatomically-cleansurfacesoneach
material.Theheightprofileacrossthestepedgegivesastep
heightof∼7ÅwhichcorrespondstooneWTe2layer[17],in-
dicatinganatomically-cleaninterfacebetweentheWTe2and
NbSe2.Atomically-resolvedSTMimagesoftheNbSe2sur-
face(Fig.1c)showthewell-known3×3chargedensitywave
[11],indicatingthepristinequalityoftheNbSe2substrate.
Atomically-resolvedSTMimagesoftheWTe2ML(Fig.1d)
arecharacterizedbyverticalatomicrowsparalleltotheb-axis
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FIG. 1. Fabrication and morphology of WTe2/NbSe2heterostructure. (a)Schematic of the sample fabrication. After assembly of the
NbSe2/WTe2heterostructure using a PPC/PDMS stamp (inside a nitrogen-filled glove box), the PPC film is peeled off, flipped upside down
and put onto a new PDMS stamp which has a hole in it. This stamp is used to deterministically place the heterostructure onto pre-patterned gold
leads without bringing the heterostructure surface into contact with any polymers or solvents. The PPC is then evaporated by annealing under
vacuum conditions and the sample is transferred to the STM, all without intermediate air-exposure.(b)STM topography and height profile
across the edge of the monolayer WTe2flake (Vsample= 300 mVandIt=10pA).(c)Atomic structures and atomically-resolved STM image
of the NbSe2flake showing the3×3CDW (Vsample= 300 mVandIt=35pA).(d)Atomic structures and atomically-resolved STM image
of ML WTe2(Vsample=1VandIt=55pA). In (b) a moiŕe pattern in the form of diagonal stripes can be seen on the ML WTe2resulting
from the superposition of the two different atomic lattices. While NbSe2has a hexagonal unit cell with lattice parametersa=b=3.44Å,
WTe2has a rectangular unit cell with lattice parametersa=6.28Åandb=3.48Å(Fig. 1c, d). The moiŕe pattern, analyzed in more detail
in the SI, corresponds to a twist angle of≈3◦. The topographies shown in (b), (c), and (d) are representative of the heterostructure over most
of the area of the exfoliated flakes.

of the WTe2unit cell. Turning now to spectroscopic analy-
sis of these surfaces, Fig. 2a shows a map ofdI/dVspectra
taken along a line perpendicular to the WTe2monolayer step
edge (upper panel) and the corresponding height profile (lower
panel). ThedI/dVspectra clearly show the presence of an
increased local density of states (LDOS) near the WTe2step
edge. This feature was recently reported in STM/STS stud-
ies of ML films of WTe2grown on epitaxial graphene sub-
strates [1, 16]. Based on combined evidence from ARPES
and STS in Ref. 1, it was concluded that ML WTe2has a band
gap of(56±14) meV, and that the increased LDOS at the
ML WTe2edge signifies the metallic QSH edge state. In our
monolayer samples, produced via isolation from bulk crystals
rather than molecular beam epitaxy, and on superconducting
substrates rather than graphene, we observe the same spec-
troscopic features, which we attribute to the same QSH edge
state. Figure 2b shows the averageddI/dVspectrum on the
WTe2ML (red) and the ML edge (orange) at the correspond-
ing positions indicated in Fig. 2a. The spectroscopic signature
of the QSH edge state is evident primarily in the valence band
but, importantly, the edge state also crosses the band gap. Fol-
lowing the interpretation of Ref. 1, the increases in thedI/dV
signal atE−EF≈−50 meVandE−EF≈15 meVcorre-

spond to the onset of the WTe2valence and conduction band,
respectively, locatingEFin the ML WTe2band gap. A non-
zerodI/dVsignal in the band gap away from the step edge
was proposed to be due to defect states and substrate effects
[1]. In addition, tip-induced band bending may play a role in
introducing spectral weight in the WTe2band gap (see Sup-
plementary Information (SI)). By comparing the positions of
the observed spectral features to epitaxially-grown WTe2on
graphene [1, 16] and exfoliated WTe2[22], we conclude that
there is no significant charge transfer from the NbSe2to the
WTe2. This observation is further supported by our density
functional theory (DFT) calculations of the ML WTe2/NbSe2
heterostructure, which show no significant modification of the
WTe2electronic structure compared to a freestanding ML of
WTe2(see SI).

Measurements of the ML WTe2dI/dVspectrum over a
smaller voltage range (Fig. 2c), reveal a new feature: a super-
conducting gap-like feature centered around the Fermi energy,
characterized by a dip in thedI/dVsignal with peaks on ei-
ther side of the gap. Comparison of measurements at4.7K
and2.8Kshow that the gap deepens and the peaks sharpen
at lower temperature. The evolution of the superconducting
gap-like feature under application of a surface-normal mag-
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FIG. 2.Simultaneous presence of quantum spin Hall edge state and superconducting gap in monolayer WTe2. (a)dI/dVspectra taken
along a line across the step edge of the WTe2flake (top), and corresponding height profile (bottom) (Vsample= 300 mVandIt= 400 pA).
(b)Spatially averageddI/dVspectra of monolayer WTe2showing a representative spectrum away from the monolayer edge (corresponding
to the red dashed line in a)) and increased density of states at the monolayer edge due to presence of the QSH edge state (corresponding to
orange dashed line in a)). Small voltage rangedI/dVspectrum of monolayer WTe2at4.7Kand2.8Kshowing superconducting gap-like
features. The2.8Kcurve is offset for clarity.(d)Magnetic field dependence of the small voltage spectrum of monolayer WTe2measured at
4.7K. The curves are offset for clarity.

netic field at4.7K(Fig. 2d) shows that with increasing mag-
netic field, the gap becomes less deep and the peaks flatten out
until the gap features have nearly vanished at1T. To under-
stand this gap, we fit the observed superconducting-like gap
with the Bardeen-Cooper-Schrieffer (BCS) spectrum (see SI).
We find that the BCS model fits both the monolayer WTe2and
the NbSe2data well (Fig. 3a). For NbSe2, the fit results in a
superconducting gap ofΔNbSe2=(0.84±0.01) meV, while
for the WTe2it resultsΔWTe2

=(0.72±0.02) meV. In ad-
dition to following the trend of a superconducting gap with
applied magnetic field, the vanishing of the gap near1Talso
agrees with the Ginzburg-Landau estimate for the upper criti-
cal field of bulk NbSe2[23]. We conclude that the gap feature
observed on the ML WTe2is indeed a superconducting gap.

In order to confirm the proximity-induced nature of the ob-
served superconducting gap, we explore its evolution as a
function of WTe2thickness. The exfoliation procedure nat-
urally produces terraces of varying thickness in our samples,
enabling thickness-dependent gap measurement within a sin-
gle sample. Figure 3b shows the superconducting gap mea-
sured on terraces of different numbers of WTe2layersN, re-
vealing that the gap decreases with increasingN, as expected
for decaying superconducting correlations near the boundary
of a superconducting–metal interface [24]. To quantify this

behavior, we fit the BCS model to each of the spectra in
Fig. 3b and plot the extracted gap sizes as filled circles in
Fig. 3c. In the thick limit (N ≥3), we find that observed
behavior shows excellent agreement with transport measure-
ments of proximity-induced superconductivity in bulk WTe2
flakes [24, 25], extending the previous studies to the ultra-thin
limit (see SI). ForN<3, we observe a more rapid decrease
of the extracted gap which may be explained by the strong de-
pendence of the electronic structure of the WTe2in this thick-
ness range, resulting in a larger mismatch of the WTe2and
NbSe2Fermi surfaces and therefore a stronger dependence of
the induced gap onN[26].

For monolayer and bilayer WTe2/NbSe2, we also consider
the possibility that the spectra may be a superposition of
tunneling into WTe2and into NbSe2(Fig. 4a,b inset). We
therefore performed a control experiment, tunneling into ML
WTe2on a∼20 nmthick hBN substrate, in order to isolate
the relative contributions (Fig. 4a,b). This allows us to per-
form a more detailed analysis of the ML WTe2/NbSe2spec-
trum (Fig. 4d) in which we fit a superposition of BCS spectra,
with a 14% fractional contribution from ML WTe2. The re-
sulting induced gap size isΔ

(ML)
WTe2

=0.76±0.16meV at 4.7
K and0.83±0.08meV at 2.8 K (Fig. 4d). For the bilayer,
we find a fractional contribution of 75% and an induced gap
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FIG. 3.Evolution of the superconducting gap with WTe2thickness at 4.7 K. (a)Fits of the BCS model to the superconducting gap spectra
measured on NbSe2and monolayer WTe2result inΔNbSe2=(0.84±0.01) meVandΔWTe2=(0.72±0.02) meV.(b)Measurement of the
superconducting gap spectrum for WTe2layer thicknesses up to 7 layers.(c)(filled circles) WTe2thickness dependence of the superconducting
gap size obtained from fitting the spectra in (b) with the BCS gap equation. (filled squares) Fits of the monolayer and bilayer spectrum with
a more detailed model which includes partial tunneling into the NbSe2substrate. The dashed lines indicate two different regimes in which
Δdecreases more rapidly forN<3and more gradually forN ≥3. The inset shows a large-scale topography image of the WTe2, where
terraces of different WTe2thicknesses are observed. Scan size:200 nm×14 nm. The corresponding number of WTe2layersNis indicated
for each terrace, whereN=0is the bare NbSe2.

FIG. 4. Proximity-induced superconducting gap in the quantum spin Hall edge state of monolayer WTe2at 2.8 K. (a)Tunneling
spectrum of WTe2on hexagonal boron nitride (hBN) and(b)spectrum of thesameWTe2flake on NbSe2(for optical micrograph of the
heterostructure see SI). The tunneling contributions of the WTe2and NbSe2are indicated asAandB, respectively.(c)SC gap spectra
measured along a line perpendicular to the edge of the WTe2. The inset shows the topography and line along which the spectra were taken.
Scan size:16 nm×4nm.(d)Fitting of representative ML WTe2/NbSe2tunneling spectrum. The fractional contribution of tunneling into
WTe2isfWTe2≡A/(A+B)=0.14±0.04. The NbSe2-derived states contribution is thereforefNbSe2=B/(A+B)=0.86±0.04. The
model used to fit the data is(dI/dV)Total =fWTe2·(dI/dV)WTe2+fNbSe2·(dI/dV)NbSe2, using a BCS form for eachdI/dV(details in
SI). The grey and maroon dashed lines indicate the(dI/dV)NbSe2and(dI/dV)WTe2, the proximity-induced SC gap in the WTe2. The size

of the induced gap isΔ
(ML)
WTe2

=0.83±0.08meV.(e)Fitting of the ML edge WTe2/NbSe2tunneling spectrum. We use the same gap(s) found

for NbSe2from (a) and useΔ
(edge)
WTe2

and the new fractional contribution of the WTe2edge state,f
(edge)
WTe2

as fitting parameters (details in SI).

The resulting induced SC gap in the WTe2QSH edge state isΔ
(edge)
WTe2

=0.75±0.08meV.
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of∆
(BL)
WTe2

=0.60±0.19meV.InFig.3cweplotthe4.7
Kinducedgapsandfindnosignificantdeviationfromthose
determinedbytheone-gapfits.
Finally,weconsiderthelateralvariationofthesupercon-

ductinggapfromwithintheMLWTe2totheregionoccupied
bytheedgestate.Figure4cshowsdI/dVspectratakenat
2.8KalongalineapproachingthephysicaledgeoftheWTe2
monolayer,similartothatshowninFig.2abutoverasmaller
voltagerange.Thesuperconductinggapispresentthrough-
outtheWTe2monolayerwithonlyslightchangesinthegap
widthanddepth.Itisapparentthatasuperconductinggapis
presentintheregioninwhichtheQSHedgestateisobserved
inFig.2a(indicatedbythedashedlineinFig.4c).Toconfirm
thatthereisafractionalcontributiontothisspectrumdueto
aninducedgapintheQSHedgestate,inFig.4eweperform
asimilarfitaswedidforthespectrum10nmawayfromthe
edgeinFig.4d.Wefindthattheinducedgapintheedgestate

hasavalueof∆
(edge)
WTe2

=0.75±0.08meV.Theobservation
ofagapintheedgestateofmonolayer1T’-WTe2provides
strongevidencethatwehavecreateda1Dtopologicalinsu-
latorinavanderWaalsheterostructurebyproximity-induced
superconductivityinthequantumspinHalledgestate.
ThetopologicalnatureofasuperconductingQSHedge

statecouldbeexplicitlydemonstratedinanSTMmeasure-
mentbycreatingaboundarywithaportionofthesame
QSHedgestateinwhichatopologically-trivialgaphasbeen
opened[4].ThiswouldlocalizeMajoranazeromodesatthe
boundary,whichcanbeidentifiedasazero-biasconductance
peakwithinthesuperconductinggap[27]. Creatingsucha
boundaryisstraightforwardinthevanderWaalsmaterialplat-
form,e.g.,byintegratingavander Waalsmagneticinsula-
torintotheheterostructureshowninFig.1atoopenalo-
calZeemangap. Ourworkestablishesthegroundworkfor
suchanexperimentwithaclearpathtowardtherealization
ofMajoranaquasiparticles.Inaddition,themethodofsam-
plepreparationoutlinedinthisworkmaybeeasilyadapted
tonumerousexperimentsinvolvingsurface-probestudiesor
air-sensitivematerials.

METHODS

WTe2andNbSe2wereexfoliatedontoSiO2inanitrogen-
filledglovebox.AWTe2flakewithregionsofdifferentthick-
nesseswastransferredontoa(20±1)nmthickNbSe2flake
usingthetechniquedepictedinFig.1a. Atthisthickness,
theelectronicpropertiesoftheNbSe2arebulk-likeandthe
criticaltemperaturebelowwhichtheNbSe2becomessuper-
conductingisTc≈7K[28].Foropticalimagesofthesam-
pleandfurtherdetailsonthesamplefabricationseeSI.The
STMtipisapproachedtothe WTe2/NbSe2heterostructure
usingacapacitivetechniqueadaptedfromRef.[29]. The
commercialCreaTecSTMheliumbathtemperatureis4.2K
withtheabilityofintermittentlyreaching∼1Kbypumping
onthecryostat.TheresultingSTMtemperaturesare4.7K
and2.8K,respectively,duetovibrationisolationandopti-

calaccess.TheSTMisequippedwithanelectrochemically-
etchedtungstentipwhichwasindentedintogoldpriortoand
inbetweenmeasurements.Thelock-infrequencywassetto
f=925HzinalldI/dVmeasurements.Allsuperconduct-
inggapmeasurementswereperformedatVsample=5mV
withVmod =100µVpeak-to-peakandIt=100pA,except
inFig.2e)whereVsample=10mV.ThespectrainFig.2
a)andb)wereacquiredusingVmod =5mV.InFig.4,tun-
nelingparametersare:Vsample=300mV,It=100pAand
Vmod =5mVin(a)andVsample=300mV,It=110pA
andVmod =10mVin(b). Forquantitativecomparison,
thetwospectrawerenormalizedtothetunnelingcurrentand
Vmod.
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I Samplefabrication

Thenewlydevelopedsamplefabricationmethodforthepresentsampleconsistsofthefollowing
steps:

1. MechanicallyexfoliateNbSe2and WTe2ontoO2-plasma-cleanedSiO2inanitrogen-filled
glovebox.

2.UsingaPPC/PDMSdroplettransferslide,pickuptheNbSe2flake,thenpickupthe
WTe2flake.Thetransferstagetemperatureis≈40

◦Cforbothpickups.

3.PeeloffthePPClayerfromthePDMS,flipitupsidedownandputitontoasecond
transferslidewhichhasaPDMSdropletonitintowhichaholewascutsuchthatthe
heterostructuresitsclosetothecenteroftheholeanddoesnottouchthePDMS.

4.Placetheheterostructureontopre-evaporatedgoldleads(Au(50nm)/Pd(30nm)/Cr
(20nm))onaSiO2chipwhichismountedonanSTMsampleplateandwirebonded
tocontactssittingthesampleplate.ReleasethePPCbyheatingitto100◦C.

5. Withthesamplestillat100◦C,removesomeofthePPCsurroundingtheheterostructure
usingasharpneedle.Thissteppreventstheheterostructurefromfloatingoffofthegold
leadinthenextstep.

6.Transferthesamplefromthegloveboxintovacuum(withoutexposingittoair),andanneal
itat250◦Cfor8h(p≤1·10−5mBar)toremovethePPC.Thisstepisperformedina
tubefurnacewhichhasagatevalveandisventedwithnitrogen.Subsequently,transfer
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SupplementaryFigureS1: Fabricationofthe WTe2/NbSe2heterostructure.(a),(b)Optical
imageofthe WTe2andNbSe2flakeafterexfoliationontoSiO2.(c)Opticalimageafterputting
downtheflippedheterostructureontothegoldleadandremovingsomeofthePPCsurrounding
theflakeusingasharpneedle.(d)Opticalimageshowingtheheterostructureonthegoldlead
aftervacuumannealing.RedandbluedashedlinesindicatetheoutlinesoftheML WTe2and
NbSe2regions,respectively.

thesampletotheSTMchamberandperformafinalannealingstepat250◦Cfor10mins
(p≤1·10−8mBar)beforeputtingthesampleintotheSTM.

Usingthistechnique,incontrasttopreviouslyreporteddry-transfertechniques,thesurfaceofthe
assembledvander Waalsheterostructureisneverincontactwithanypolymerorsolvent.This
iscrucialtoachieveanatomically-cleansurface.Furthermore,samplefabricationisperformed
entirelyinaninertgas/vacuumenvironment.Thisallowstostudythepristinesurfacesofhighly
reactiveandair-sensitivematerials,theonlyconstraintbeingthatthematerialsdonotdegrade
whenannealedat250◦Cinvacuum. SupplementaryFigureS1showsopticalimagesofthe
samplestudiedinthemaintext.

II Moiŕeeffects

SupplementaryFigureS2ashowsanSTMimagewhereboththemoiŕeperiodicityandtheatomic
rowsoftheML WTe2/NbSe2heterostructurecanbeseen.Analyzingatomicresolutionimages
ofthe WTe2andNbSe2closetothe WTe2stepedge,wefindasmallrotationalmisalignmentof
∼3◦betweenthe WTe2b-axisandtheNbSe2b-axis(Suppl.Fig.S2(b)and(c)).Theresulting
moiŕeperiodcanbeapproximatedas

L=
b

√
Θ2+ε2

(S1)

wherebisthe WTe2latticeconstant,εisitsrelativelatticemismatchwithrespecttotheNbSe2
(∼1.1%)andΘistherotationalanglebetweenthetwomaterials[1].Theresultingmoiŕeperiod
isL≈6nmwhichisingoodagreementwiththeperiodicityobservedintheSTMimage.Note
thatthemoiŕeperiodalongthea-axisisnegligiblysmallbecausetherotationalmisalignment
oftwoa-axesislarge.
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Supplementary Figure S2: a) Topography image of the ML WTe2/NbSe2heterostructure,
showing the moiŕe periodicity and atomic rows. The moiŕeperiodis∼5nm (Vsample=1Vand
It= 50 pA). b) Atomic resolution image of NbSe2right below the step edge of the WTe2.The
blue line indicates the orientation of the NbSe2lattice vector. c) Atomic resolution image of
WTe2right next to the step edge. The red line indicates the orientation of the WTe2b-lattice
vector. This misorientation with respect to the NbSe2is∼3

◦.

III Bandgapin ML WTe2

While ARPES [2] and transport measurements [3] show indications of a band gap in the elec-
tronic structure of ML WTe2, so far no hard gap has been observed in STM. Among the proposed
explanations are defect states or substrate effects [2], a charge density wave [4] and a Coulomb
gap [5] which we will discuss below.
Substrate effects may play a role in the observed in-gap conductance in WTe2grown on

epitaxial graphene as well as WTe2on NbSe2by tunneling through the WTe2directly into the
underlying layer. In the present sample, if the in-gap conductance would stem predominantly
from tunneling into the NbSe2, one would expect to measure the NbSe2superconducting gap
on the ML WTe2. However, we observe a decrease of the superconducting gap as a function of
WTe2thickness which points to the presence of a smaller, proximity-induced, superconducting
gap in the WTe2itself. In an effort to evaluate the possible role of tunneling into NbSe2-derived
states for the case of ML WTe2, a separate sample was prepared with the same method described
in Section S1, but with an additional layer of∼20 nm thick hBN underneath the ML WTe2.
Optical images of the WTe2flake after exfoliation and the completed stack with the hBN visible
are shown in Suppl. Fig. S3a and b, respectively. Spectra taken in the region indicated in Suppl.
Fig. S3b are shown in Fig. 4 of the main text. The spectra on the two different substrates look
very similar, but it is immediately noticeable that there is a significant offset in the spectra on
the NbSe2. We interpret this as a background in the conductance arising from states associated
with the NbSe2substrate. To quantify the contribution of the NbSe2to the spectra taken on
the WTe2ML, we compare the value of the conductance at the Fermi energy for spectra on
both substrates. We designate this quantity asAin Fig. 4a (ML WTe2on hBN). For the
spectra of the ML WTe2on NbSe2,Arepresents the conductance arising solely from the WTe2
while the remainder,Bin Fig. 4b, must come from the NbSe2. By comparing spectra at a
variety of locations, we find that the fractional contribution to the conductance from the NbSe2
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Supplementary Figure S3: (a) A WTe2flake after exfoliation with the ML region and outline
of the flake indicated. (b) Optical image of the assembled WTe2/hBN/NbSe2heterostructure.
The hBN thickness is 20 nm and the NbSe2is 100 nm. The black and red stars indicate the
regions at which spectra were taken in Fig. 4a and b of the main text, respectively.

substrate isfNbSe2 ≡B/(A+B)=0.86±0.04 for the measured signal on ML WTe2. While
the superconducting substrate does contribute a significant background, the sample prepared on
hBN shows that there is still significant non-zero conductance inside the expected band-gap of
the ML WTe2, even on an insulating substrate, necessitating another explanation for the in-gap
states observed in STS.
By comparing the different STM studies of ML WTe2[2, 4, 5], defect states seem to be

an unlikely explanation because the non-zerodI/dVsignal is observed even far away from
topographic defects and the observed defect concentration varies.
Another proposed explanation of the observed gap is a charge density wave (CDW) in ML

WTe2[4]. While a CDW may explain the observed gap feature, the doping dependence reported
in Ref. 5 does not line up with a typical CDW behavior. Furthermore, the topographic CDW
features are not well reproduced in reports other than in Ref. 4. Recently, the gap was proposed
to be supported by deformations of the unit cell from a rectangle to a parallelogram at low
temperatures [6]. However, in our data we do not observe such deformations, i.e. the angle
between the WTe2lattice vectors is (90±1)

◦. Lastly, a Coulomb gap due to lateral hopping
in the WTe2ML was proposed as a possible explanation [5]. This explanation is based on ML
WTe2being decoupled from the substrate, which seems reasonable due to the van der Waals
stacking and small Fermi surface overlap of the WTe2ML and graphene as well as NbSe2.To
understand the origin of the Coulomb gap in more detail, we consider in the following tip-induced
band bending (TIBB) effects.
TIBB can have a significant effect on the measureddI/dVspectra and is known to lead to

a finitedI/dVsignal in the band gap [7]. The 2D analog of 3D TIBB is a local band shift in
the 2D layer. As a result, there is no additional confinement of states in thez-direction but
only in thex-/y-plane, i.e. a laterally extended potential well. The depth of the potential well
increases with decreasing tip-sample distance and decreasing STM tip work function and results
in a local accumulation of charges at the position of the STM tip, i.e. a downward band shift. In
the context of TIBB the observed dip in thedI/dVsignal at the Fermi energy can be explained
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asaCoulombgapassociatedwiththeaccumulationlayerthatisformedinthepotentialwell.
TIBBmayalsoexplainwhythein-gapdI/dVsignalandthesignatureoftheCoulombgap
isweakinRef.2:intheirexperimentsthecurrentsetpointwasmuchlower(andthework
functionoftheirtipmayhavebeenhigher),producinglessTIBBandthereforefewerelectrons
intheaccumulationlayercomparedtoourresultsandRefs.4,5.Furthermore,thepresence
ofatip-inducedelectronaccumulationlayerinthe WTe2canexplainthereportedconduction
andvalencebandoverlapextractedfromquasi-particleinterference(QPI)measurementsinRef.
5whichisincontrasttoARPESresults[2]: withthefinitedI/dVsignalinthebandgap
originatingfromthetip-inducedelectronaccumulationlayer,itisexpectedthattheQPIof
thesestateswillyieldwavevectorscorrespondingtothedown-shiftedconductionbandstates.
Asaresult,QPIisexpectedtoshowconductionbandwavevectorsdowntovoltagesbeyond
theactualconductionbandedgeandpersistuntiltheyaredominatedbythevalenceband
conductance.Insummary,webelievethatTIBBmayexplainalargepartoftherangeofgap
featuresreportedintheliterature.

IV Spectrafitting

Thefinite-temperaturedifferentialconductancefunctionthatwefittothespectroscopicdatais
thedensityofstatesconvolvedwiththederivativeoftheFermifunction,i.e.

dI

dV
∝

∞

−∞
dE

exp E−eV
kBTtip

exp E−eV
kBTtip

+1
2N(E) (S2)

whereN(E)isthedensityofstatesofthesampleandthedensityofstatesinthetipisassumed
tobeuniform.InstandardBCStheory,thedensityofstatesNisgivenby

N(E,∆)=N0Re
E

√
E2−∆2

(S3)

where∆isthegapsizeofthesuperconductorandN0isthenormalstatedensityofstates,
whichistypicallyassumedtobeconstant.However,inexperimentsthedifferentialconductance
signaloftenshowsanon-trivialnormalstateconductancearoundtheFermienergy.Toachieve
representativefitsofthesuperconductinggaps,wethereforeallowforanormalstateconductance
backgroundgivenbyalow-orderpolynomialfunctionwhichwefitsimultaneouslywiththeBCS
gapfunction(thisisthendividedoutofthesuperconductinggapspectrapresentedinthemain
textFigs.2,3,and4). WefittheNbSe2spectrausingatwo-gapmodel[8],whichwefind
providesaverygoodfitatalltemperatures. Thedensityofstatesforthetwo-gapmodelis
givenby

NNbSe2(E,∆1,∆2)=CN(E,∆1)+(1−C)N(E,∆2) (S4)

First,wefitdataofRef.9acquiredat100mKyieldinggapsof∆NbSe2,1=1.1844±0.0021meV
and∆NbSe2,2=0.8300±0.0027meV(andatiptemperatureofTtip=1.0445±0.0134K).The
amplitudesofthelarge-gapandsmall-gaptermsareexpressedbyparametersCand(1−C),
withavalueofC=0.5424±0.0047foundfromthisfit.ThissamevalueofCisthenusedinfits
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SupplementaryFigureS4: RepresentativerawdatadifferentialconductancespectraofNbSe2
(left,blue), WTe2MLawayfromtheedge(center,red),and WTe2MLattheedge(right,
orange)atSTMbaseplatetemperaturesof2.8K(top)and4.7K(bottom).BestfitsofSuppl.
eq.S5areshownasthethickblackdashedlines. Thinnerdashedlinesindicatetherelative
contributionofeachterminSuppl.eq.S5.Theverticalscaleisthesameforeachpanel.All
spectraweretakenatVsample=5mV,Vmod =100µV,It=100pA.InFig.4canddofthe
maintext,thetwoNbSe2contributiontermsarecombinedforclarity.
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toourownNbSe2spectra,showninSuppl.Fig.S4. Wefindgapsof∆NbSe2,1=1.154±0.031
meVand∆NbSe2,2=0.757±0.011meVwithtiptemperatureofTtip=5.962±0.033Kat2.8K,
andgapsof∆NbSe2,1=1.051±0.030and∆NbSe2,2=0.495±0.060meVwithtiptemperature
ofTtip=7.405±0.052at4.7K. Wefindthatthetemperaturedependenceofthelargerof
theseNbSe2gapvalues matchesverywelltotheuniversaltemperaturebehaviorofaBCS
superconductinggap.Thetemperaturedependenceofthesmallergapdoesnotagreewiththe
universalBCSpredictionaswellasthelargegapbehavior,indicatingsomedeviationfromthe
theory.Thecorrespondingsampletemperaturesinourexperimentsareapproximately1Kabove
ourmeasuredtemperaturesSTMbaseplatetemperatures.
Movingtothespectraacquiredfrom WTe2onNbSe2,comparingthosespectratoones

acquiredfromWTe2onhBN(Fig.4ofthemaintext),weseethatthereisapartialcontribution
tothemeasuredsignalfromtheunderlyingNbSe2. Wethereforefitour WTe2spectrawitha
three-gapmodel,twogapsofknownsizefromtheNbSe2andoneinducedgapfromthe WTe2
whosesizeisdeterminedfromthefiti.e.thedensityofstatesisgivenby

N(E)=(1−fNbSe2)N(E,∆WTe2)+fNbSe2NNbSe2(E,∆NbSe2,1,∆NbSe2,2) (S5)

WefixthefractionalcontributionoftheNbSe2,fNbSe2,bycomparingthevalueoftheobserved
conductanceattheFermienergyforMLWTe2onNbSe2andforMLWTe2onhBN,asdescribed
inthemaintext.Importantly,fortheNbSe2contribution,therelativeamplitudesofthelarge-
gapandsmall-gaptermsisexpectedtodifferfromtheC=0.5424±0.0047deducedabove
fromthebareNbSe2,sincethewavefunctionsoftherespectivestateswillhavevaryingdecay
constantsastheyextendthroughthe WTe2outintothevacuum. WethereforeletCvaryin
thefitsofthe WTe2spectra.ThetiptemperaturesareknownfromthefitstothebareNbSe2
spectra.
Tomaximallyconstrainthefits,wesimultaneouslyfitthespectraacquiredattemperatures

2.8Kand4.7K,thushavingthreeunknownsintotaltofitthetwospectra:theinducedsuper-
conductinggapsizeforeach,andtherelativeamplitudeoftheNbSe2large-gapandsmall-gap
terms(i.e.thesamevalueinbothspectra). Usingthebestfit,midpointvaluesforallother
“auxiliary”parameters(NbSe2gapsizes,sampletemperatures, WTe2fractionalcontribution),
wefindvaluesfortheproximity-inducedgapsinthe WTe2of0.80±0.04and0.73±0.04meV
andafractionalmagnitudeoflarge-gaptermofC=0.35±0.02,asshowninSuppl.Fig.S4.
Toproperlyestimateerrorboundsfortheinducedgap,wefurtherperformfitsattheminimum
andmaximumvaluesoftheerrorrangeofallauxiliaryparameters,thusyieldingfinalvaluesfor
theproximity-inducedgapsforML WTe2farfromanedgeof0.83±0.08and0.76±0.16meV,
alongwithafractionalmagnitudeoflarge-gapNbSe2termofC=0.33±0.04.Forthecaseof
the WTe2MLedgeonNbSe2,wefitaspectrumacquiredat2.8KusingtheknownNbSe2gaps
andknowntiptemperature,withfNbSe2determinedtobe0.65±0.06bycomparisonoftheedge
spectrumwiththoseofthenon-edge WTe2onNbSe2and WTe2onhBN(wemakethisindirect
comparisonbecause,wecannotmeasureMLedgespectraonhBN,whichwouldrequirethere
tobeanexposed(insulating)hBNsurface). Wefittheedgespectrumusingthesamefractional
magnitudeoflarge-gapNbSe2termdeterminedfromthenon-edgespectrumofC=0.33±0.04.
TheresultingfitisshowninSuppl.Fig.S4,withinducedgapof0.75±0.08meV.Forthecase
ofacquisitiontemperature4.7K,thesameprocedureyieldsaninducedgapof0.77±0.08meV.
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Supplementary Figure S5: Superconducting gap Δpvs. layer numberN, from Fig. 3c of the
main text (blue circles) plotted alongside data extracted from transport measurements in Ref.
10 (red squares). The dashed lines, which are guides to the eye, show the trend of the induced
gap in the ’thin’ limit (<3 layers) and ’thick’ (≥3 layers) limit. The red data points are
calculated by extracting the Δp/Δ0values from Fig. 5 in Ref. 10 and multiplying them by
Δ0(4.7K)≈0.6 meV, a number obtained from Fig. 2g of the same paper. This procedure is
valid because the ratio Δp/Δ0has a very weak temperature dependence (Fig. 2g of [10]). This
allows for direct comparison with our data, which were obtained at 4.7K.
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Letusnowconsiderthicker WTe2onNbSe2,forwhichwehavemeasuredtunnelingspectra
at4.7K(Fig.3inthemaintext).Forthreeormorelayersof WTe2wefittheobservedspectra
withasingle-gapmodel(Suppl.eq.S3),obtainingproximity-inducedgapsingoodagreement
withthethickness-trendfoundinpriormeasurementsof>10layersof WTe2onSiO2[10]as
showninSuppl.Fig.S5.Hence,forthreeormore WTe2layersitappearsthatthecontribution
ofNbSe2totheobservedspectraisnegligible.Forthecaseofbilayer WTe2onNbSe2,thereis
asharpdeviationfromthetrendwiththickness. mustestimatethecontributionoftheNbSe2
tothespectrum. Wehavemeasuredaspectrumforbilayer WTe2onhBN,fromwhichwefind
theconductanceattheFermienergytobe1.8×largerthanthatfor WTe2MLonhBN,thus
implyingalowerboundforthecontributionof WTe2itselftothespectrumofbilayer WTe2on
NbSe2of1.8×0.14=0.25. Wethereforeconsiderarangeof WTe2fractionalcontributionsfor
thebilayercaseextendingfrom0.25to1.0.ForthefractionalmagnitudeoftheNbSe2large-gap
term,inthediscussionabovewefoundvaluesofC=0.54and0.33forzeroandone WTe2
layer,respectively;thus,fortwolayersof WTe2weassumevaluesintherangeC=0.10−0.33.
Withtheseparameters,wefindaproximity-inducedgapforthebilayer WTe2tobeintherange
∆=0.41−0.79meV,or0.60±0.19meV.Thefitresultsofthesingle-gapmodelfor WTe2
thicknessgreaterthanthebilayerarereportedinSuppl.Table1.

V DensityFunctionalTheoryCalculations

Weperformedbandstructurecalculations(Suppl. Fig. S6)usingdensityfunctionaltheory
(DFT)inthegeneralizedgradientapproximation[11]utilizingtheprojectoraugmentedwave
methodasimplementedinVASP[12].Latticeconstantsweresettoorthorhombic WTe2values
(a=6.249̊Aandb=3.477̊A)forboththeMLandthe WTe2/NbSe2bilayer,whilewetookc=
30̊Atoallowsufficientvacuum.Atomiccoordinateswererelaxedholdingthelatticeconstants
fixedpriortocalculatingthebandstructure.Theresultsforthefreestanding WTe2monolayer,
withandwithoutspin-orbit-coupling(SOC)areshowninSuppl.Fig.S6aandb.Notethatin
WTe2thebandsneartheFermienergyoriginatemostlyfromtheWatoms,theorbitalcharacter
ofwhichweplotassymbolsasindicatedinthefigurelegend.Thecalculationsareinexcellent
agreementwithpreviouslyreportedbandstructuresof1T’-WTe2.Especially,theinversionof
bandswithoppositeparityisreproduced(markedas”+”and”-”inthefigures). Notethat
thesizeofthegap,whichopenswhenincludingSOCintothecalculationsisunderpredictedin
DFT.
Next,weperformcalculationswhichinadditiontotheML WTe2includealayerofNbSe2

tomodelthepresentsamplesystem.Forthispurpose,weconstructaheterostructureunitcell
whichincludes2×1unitcellsofNbSe2and1×1unitcellsofWTe2.TheNbSe2latticeparameter
isadjustedsuchthattheconstructedunitcellsmatchinsize. Wethenletthestructurerelax,
beforecalculatingthesupercellbandstructure,withandwithoutSOC.SupplementaryFigures
S6canddshowtheresultingheterostructurebands,whereweplotthe Worbitalcharacteras
symbolsasbefore. TheNbSe2bandsneartheFermienergyaredominatedbyNbwhichwe
plotwithoutsymbols.Fromthecalculations,wefindthattheNbSe2substratehaslittleeffect
onthethe WTe2single-particleelectronicstructure,i.e.weobservenosignificantbandshifts
andthebandinversionisstillpresent. TheFermileveldoesshiftdownbyasmallamount
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Parameter 2.8K 4.7K

NbSe2 ∆NbSe2,1 1.154±0.031 1.051±0.030
∆NbSe2,2 0.757±0.011 0.495±0.060
C 0.5424±0.0047(fixed)
Ttip 5.962±0.033 7.405±0.052

WTe2ML ∆WTe2 0.83±0.08 0.76±0.16
fNbSe2 0.86±0.04
C 0.33±0.06

WTe2MLEdge ∆WTe2 0.75±0.08 0.77±0.08
fNbSe2 0.65±0.06
C 0.33±0.06(fixed)

WTe2bilayer ∆WTe2 0.60±0.19
fNbSe2 0.25−1.00
C 0.10−0.33

WTe2trilayer ∆WTe2 0.37±0.05

WTe2fivelayers ∆WTe2 0.31±0.03

WTe2sixlayers ∆WTe2 0.31±0.02

WTe2sevenlayers ∆WTe2 0.36±0.03

Table1:Fittingresultsforkeyparameters. DetailsdescribedinSectionsS1andS2. Allgap
sizesareinmeVandalltemperaturesinK.FortheNbSe2fitting,thevalueofCinSupple.eq.
S4isfixedbyfittingtothedataofRef.[9]takenat0.1K.FractionalcontributionofNbSe2,
fNbSe2,isdeterminedbycomparingthe WTe2MLand MLedgespectraonhBNandNbSe2
substrates,asdiscussedinSectionS2,andfixedineachfitofthespectra.2.8Kdatawasonly
takenfortheNbSe2andML WTe2.Spectraforthreeormorelayersof WTe2arefittoasingle
BCSgapmodel,Suppl.eq.S3(orequivalentlySuppl.eq.S5withfNbSe2=0).
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SupplementaryFigureS6: DFTbandstructurecalculationsshowing ML1T’-WTe2without
spin-orbitcoupling(SOC)(a)andwithSOC(b).(c)and(d)showthebandstructurefor
aheterostructureof ML1T’-WTe2andasinglelayerof2H-NbSe2,respectively. Calculation
detailsaredescribedinthetext.ThegreencircleindicateswhereSOCforcesbandstoanti-cross
inthepocketsalongtheY-Γ-YpathforboththeML WTe2andtheheterostructure.Theblue
+andred−indicatestheparityofthestatesassociatedwiththebandinversionnecessaryfor
theQSHedgestate,incomparisontoFig.2dandefromSuppl.Ref.[2].
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withrespecttotheconductionbandofthe WTe2duetoanNbSe2bandneartheFermienergy.
Furthermore,weobservehybridizationbetweenbandsthatoriginateintheNbSe2andtheeven
parityconductionbandofthe WTe2,butonlyatanenergywellabovetheFermilevel. Note
thatthebandsplittinginSuppl.Fig.S6disfromthebrokeninversionsymmetryduetothe
presenceoftheNbSe2whichliftsthespindegeneracyofthebandswhenSOCisincluded.It
isworthpointingoutthatinSTMmeasurementsofthe WTe2/NbSe2heterostructure,weare
mostlysensitivetothebandslocatedatthesamplesurface,i.e.bandsofindicated Worbital
character. Asaresults,ourtunnelingspectrareproducethebandswhichlookverysimilarto
thatoffreestanding WTe2.Inconclusion,the WTe2single-particlebandstructure,including
thebandinversionandthereforetheQSHstate,ispreservedina WTe2/NbSe2heterostructure.
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