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ABSTRACT 

Quantum emitters in semiconductor transition metal dichalcogenide (TMD) monolayers hold great 

promise for many quantum optics applications due to the intriguing properties afforded by the host 

materials. The creation of localized excitonic states in two-dimensional semiconductors is also 

fundamentally interesting. Local strain engineering of TMD monolayers has been attested to be a 

viable approach for creating quantum emitters. However, despite the ubiquitous existence of local 

topography variations in the structures used to create strain gradients in the TMD monolayers, an 
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understanding of their influence on the strain fields and exciton trapping is notably lacking, 

especially on the nanoscale. In this study, we investigate WSe2 monolayers deposited on the edges 

of as-fabricated trenches, which are deemed to induce 1D delocalized strain profiles in the 

monolayers, and observe optical signatures of weakly confined excitonic states supporting 

biexciton emission. Our numerical simulations of the strain distributions suggest that the quantum 

emitters originate from quasi-1D like localized strain profiles induced by local topography 

variations at the trench edges. These findings have strong implications towards the controlled 

creation of quantum emitters in TMD monolayers and their efficient coupling to photonic 

structures. 

 

1. INTRODUCTION 

The utilization of low-dimensional semiconductors as hosts for single photon emitters is inherently 

intriguing due to these materials’ high light extraction efficiency, electrical and mechanical 

tunability, as well as their readiness for integration with photonic structures.1-6 In particular, 

quantum emitters in transition metal dichalcogenides (TMDs) have received many interests for 

quantum photonics applications. The large exciton binding energies,7, 8 strong spin-valley 

coupling,9-11 and programmable exciton localization potentials12-14 afforded by the TMDs have 

rendered them appalling platforms for exploring single photon source arrays and spin 

optoelectronics. 

Aside from randomly occurring atomic defects and disorders,1, 3-5 quantum emitters in TMDs have 

been intentionally introduced through local strain field engineering,15-19 electron or ion beam 

irradiation,20-22 and thermal annealing.23 Among these, modulation of TMD bandgaps through 
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strain engineering has been established to be a scalable approach for creating large arrays of 

quantum emitters.24, 25 By depositing TMD monolayers over protrusion or depression structures 

such as nanopillars,24, 25 nanobubbles,26 waveguides,27-29 and indentations,15, 30 quantum emitters 

have been observed to occur mostly near the structural edges or bending that facilitate significant 

strain gradients.  

Despite the strong correlation between the occurrence of the quantum emitters and the local strain 

gradients, the microscopic mechanisms by which local strain fields cause exciton localization and 

single photon emission remain ambiguous. Quantum dot-like localized excitonic states can be 

formed in highly strained nanometer regions in TMDs due to local atomic-scale wrinkling.18, 26, 31-

33 Given the associated nanoscale confinement potentials in these cases, quantum emission could 

be expected even without the existence of defects. On the other hand, in many of the microscopic 

structures featuring edges and bending tuned towards the creation of quantum emitters in the 

TMDs through strain gradients,15, 19, 24, 25, 27, 28, 31 the relevant strain fields generated in the 

conformally deposited TMDs can be regarded as largely delocalized considering that the exciton 

sizes of the TMDs are only a few nanometers.34 For example, the strain field created on top of a 

structurally perfect nanopillar typically extends up to a few hundreds of nanometers in the circular 

direction,35 resulting in potential wells that are highly extended when compared to the exciton size. 

To explain this discrepancy between the delocalized strain fields and the observation of quantum 

emitters, strain field-assisted funneling of excitons to preexisting, localized defect states,24 or 

hybridization between strain-lowered band edge excitonic states and localized mid-gap defect 

states36 have been proposed. In these scenarios, the prime factors that lead to the highly confined 

excitons are the localized defect states, whereas the localization of the strain fields is less crucial. 
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However, despite the ubiquitous existence of local topography variations that are inevitable in as-

fabricated structures, an understanding of their influence on the formation of quantum emitters in 

TMDs is notably lacking,30 especially on the nanoscale, which is highly relevant to the localization 

of the strain fields. The structural edges and bending used to introduce strains in the TMDs have 

generally been considered as smooth. It remains unclear if structural disorders and roughness can 

result in local strain landscapes that are sufficiently localized in space and large in amplitude for 

the creation of quantum emitters in TMDs. An interrogation of the local structural variation-

modified strain fields and optical properties would provide extra insights to the origins of the 

strain-induced quantum emitters in TMDs, as well as their controlled creation.  

In this work, we investigate the influence of local microscopic strain profiles on the localization 

of excitons by studying the optical properties of WSe2 monolayers placed over sharp edges of 

shallow trenches. Trenches are chosen due to their relatively simple, nominal 1D strain profiles 

that allow us to discern any additional effects caused by topography variations. Using cryogenic 

temperature optical spectroscopy, we observe signatures of strong exciton localization, including 

spatially localized emission, sharp photoluminescence (PL) peaks, long exciton lifetimes, and 

time-gated antibunching in photon correlation functions, despite of the nominal 1D strain profiles 

facilitated by the underlying trench edges. Combining these optical features with topography 

characterizations and strain field simulations, we attribute the observed exciton trapping to local 

topographic disorder-induced strain field localization. Furthermore, we discover that the weak 

confinement degree of the potential wells leads to signatures of biexciton emission in the photon 

correlation function. Taken together, our results underscore the critical role played by local 

topographic disorders in the creation of confined excitonic states in TMD monolayers. These 

findings could help deepen our understanding of the interplay among strain localization, defect 
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state, and exciton trapping, as well as inspire new strain engineering strategies towards more 

refined control over the creation and integration of quantum emitters in TMDs. 

 

2. EXPERIMENTAL METHODS 

2.1. Fabrication of Trenches and Preparation of TMD Samples 

140 nm deep 1D trenches with various widths were fabricated using reactive ion etching (RIE) in 

combination with electron beam patterning. Specifically, a silicon substrate with a top layer of 300 

nm thick thermal oxide was spin coated with a thin layer of ZEP520A at 2000 rpm for 35 s, 

followed by baking at 150 0C for 3 mins. Arrays of trenches with various widths were patterned 

by electron beam lithography (JOEL JBX-8100FS) and then developed with xylene and cleaned 

by IPA. The patterns were then transferred to the underlying silica layer by RIE (20 mmTorr CHF3, 

flow rate 50 SCCM together with 1 SCCM of O2). The topography of the trenches was 

characterized by AFM (Veeco) and SEM (FEI Nova 600 NanoLab). WSe2 monolayers were 

mechanically exfoliated from bulk crystals and transferred onto these patterned substrates using a 

previously reported dry transfer method with minor modifications.37 Typically, a WSe2 monolayer 

was exfoliated from a bulk crystal using adhesive tapes (BT-150E-CM, Nitto) and transferred onto 

a polymer stamp (Gel-Pak, PF-40/17-X4) attached on a glass cover slip. The glass cover 

slip/polymer stamp/ WSe2 monolayer were then put in contact with and pressed against a silicon 

substrate pre-fabricated with trenches using a transfer stage. After heating the silicon substrate at 

60 0C for 5 mins, the glass cover slip/polymer stamp were peeled off from the silicon substrate, 

leaving behind the WSe2 monolayer. 
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2.2. Cryogenic Temperature Optical Measurements  

The prepared samples were loaded into a continuous-flow liquid helium cryostat on a home-built 

confocal laser microscope. A diode laser with a wavelength of 400 nm was used to excite the 

samples. The excitation beam was focused onto the samples using a microscope objective (60x, 

NA = 0.7). Photoluminescence from the monolayers was collected by the same objective and 

directed to a 500 mm spectrograph equipped with a charge-coupled device for imaging and 

spectroscopic measurements. For the time-resolved and photon correlation measurements, the 

photoluminescence was spit by a 1:1 beamsplitter and sent to two identical single-photon 

avalanche diodes in the Hanbury-Brown and Twiss configuration.  

2.3. Numerical Simulations of the Strain Distribution 

The numerical simulations of the strains experienced by the WSe2 monolayers were performed in 

the commercial software COMSOL Multiphysics. The WSe2 monolayers were modeled as thin, 

elastic plates initially suspended over the SiO2 trenches. The Young’s moduli of the WSe2 

monolayers and the underlying SiO2 trenches were assumed to be 170 GPa38 and 70 GPa,39 

respectively. The Poisson’s ratio of the WSe2 monolayers was set to be 0.19.40 In the simulation, 

the areas of a monolayer in contact with the flat substrate were fixed while the section suspended 

over the trench was bent due to the application of a representative external pressure of 5 N/cm2.41, 

42 To represent the edge roughness, we construct SiO2 cylindrical segments attached to the smooth 

edges. The diameters and widths of the cylindrical segments were varied to imitate the irregular 

edge roughness. 
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3. RESULTS AND DISCUSSION 

Figure. 1a shows a simplified schematic of our sample layout. 1D trenches are selected to introduce 

strains due to their relevance to many important photonic structures such as waveguides and 

microcavities.28, 29, 43 Also, their 1D strain profiles provide relatively definitive foundations for 

discerning any additional strain effects caused by structural disorders. The nominal structurally 

smooth 1D trenches used in this study were fabricated by reactive ion etching of thick thermal 

oxide layers on silicon substrates after the trench features were prepatterned using electron beam 

lithography (see the Experimental Section for details). The widths, d, of the trenches were varied 

between 0.5 and 4 µm. Figure. 1b and 1c show representative scanning electron microscopy (SEM) 

and atomic force microscopy (AFM) images of the as-fabricated trenches with d of ~ 1 µm, 

respectively. The heights of the trenches were kept constant at ~ 140 nm despite their various 

widths. WSe2 monolayers were mechanically exfoliated from their bulk crystals and transferred 

onto the trenches using a dry transfer method (see the Experimental Section for details).37 During 

the transfer process, the application of an external pressure pushes the suspended segments of the 

monolayers to be in contact with the trench bottoms (see Supporting Information S1 for details). 

The van der Waals interactions between the trench bottoms and the deformed WSe2 segments keep 

the monolayers attached even after the external pressure is released (see Figure. S2 for examples). 

To rule out contributions from structural disorders such as wrinkles, ruptures, folds, and tears in 

the WSe2 monolayers and ensure strains caused by the trenches are the primary investigated 

factors, we restrict our studies to samples or sample sections with no apparent structural 

imperfections. 
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Figure 1. (a) A schematic of a WSe2 monolayer deposited on a trench. (b) A scanning electron 

microscope image of the as-fabricated trenches with d = 1 µm. (c) Atomic force microscopy 

images of trenches with d = 1 µm (top) and 1.25 µm (bottom). The scale bars are 0.2 µm (top) and 

0.5 µm (bottom), respectively. The green curves are the cross-section height profiles. (d) A wide 

field PL image of a WSe2 monolayer deposited on a trench, superimposed on the optical 

micrograph of the sample. 1L: 1 layer; ML: multilayer. The white and black dashed lines mark the 

locations of the trench and the WSe2 monolayer, respectively. (e) PL spectra of a WSe2 monolayer 

recorded from the trench area (red) and the flat substrate area (green), as indicated in (f). (f, g) 

Wide field integrated (f) and spectrally resolved (g) PL images of a WSe2 monolayer on trench. 

The blue dashed lines in (f) indicate the location of the trench. The red and green circles highlight 

the locations where the PL spectra in (e) were taken. 

 

To investigate the influence of the trenches on the optical properties of the WSe2 monolayers, we 

excite them using a 3.1 eV laser and record their PL images and spectra at 7 K. Figure. 1d depicts 

the wide field PL image of a WSe2 monolayer deposited over a trench. Overlaying on top of the 

PL image is an optical micrograph of the monolayer and the underlying trench, both marked by 
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dashed lines. The region of the WSe2 monolayer on the flat substrate exhibit uniform PL emission. 

Evidently, the section of the monolayer in the trench region demonstrates much higher PL 

intensity. To gain a more thorough understanding, Figure. 1f and 1g present the spatially and 

spectrally resolved PL images of a monolayer on a trench. For the area of the monolayer on the 

flat substrate (below the orange dashed line in Figure. 1f and 1g), free exciton emission at above 

1.70 eV and broad defect band in the range of 1.60 - 1.69 eV can be observed. Distinct from the 

flat substrate area, the trench region (highlighted by the blue dashed lines in Figure. 1f) is 

associated with much higher PL intensity and the emergence of narrow, bright PL spots (above the 

orange dashed line in Figure. 1g). This is also clearly illustrated in Figure. 1e, which shows 

representative PL spectra recorded confocally in the trench area (red) and in the flat substrate 

region (green). The PL spectrum from the flat substrate area features the characteristic neutral 

exciton (X0) and trion (XT) emission at the energies of 1.74 eV and 1.71 eV, respectively, 

consistent with previously reported values of WSe2 monolayers subject to similar dielectric 

environments.16, 27 In addition, the low energy, broad band typically associated with defect-bound 

excitons can also be observed. In a stark contrast to the PL spectrum recorded in the flat area, that 

of the WSe2 monolayer in the trench region exhibits sharp, bright PL peaks superimposed on the 

broad defect band. 

Such sharp PL peaks can be observed for WSe2 monolayers deposited on trenches with various 

widths d, as shown in Figure. 2a. Moreover, they appear to be accumulated at the trench edges. As 

shown in Figure. 2b, when the tightly focused laser spot moves from the edge of a 4 µm wide 

trench towards its center, the narrow peaks in the PL spectrum disappears and the spectral 

lineshape resumes the broad defect band feature. The linewidths of the sharp PL peaks show no 

significant trench width dependence. By analyzing more than 75 narrow PL peaks, we obtain an 
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average linewidth of 4.2 ± 0.11 meV (Figure. 2d). Another noticeable characteristic of the sharp 

PL peaks is their associated long lifetimes (Figure. 2c). By measuring the decay curves of 77 sharp 

PL peaks observed at the trench edges and fitting them using exponential functions while 

deconvoluting the instrument response function, we obtain an average PL lifetime of 364 ± 42 ns 

for the narrow peaks (Figure. 2e). This lifetime value is comparable to previously reported PL 

lifetimes of quantum emitters in TMD monolayers,20, 21 but significantly longer than the neutral 

and charged free exciton lifetimes (Figure. S3). The lifetime distribution of the narrow peaks is 

likely due to slight variations in the local environments. 

 

Figure 2. (a) Representative PL spectra recorded at the edges of 0.5 µm (top), 1.25 µm (middle), 

and 4 µm wide trenches. (b) PL spectra of a WSe2 monolayer on a 4 µm wide trench. The black 

curve is recorded at close to the trench edge, while the red curve from an area near the trench 

center. (c) A representative PL decay curve from a narrow PL peak induced by the trenches. Inset: 
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a zoomed-in view of the decay curve in the first 200 ns. The gray curve is the instrument response 

function. (d, e) PL linewidth (d) and lifetime (e) histograms of the narrow PL peaks created on the 

trenches. 

 

The spatially localized emission of the sharp PL peaks, together with their red-shifted emission 

energies and long PL lifetimes compared to the free excitons, signifies that they originate from 

excitons trapped in localized mid-gap states. To evaluate the quantum nature of the localized 

excitonic states giving rise to the sharp PL peaks, we investigate their second-order photon 

correlation (g(2)(τ)) functions. Figure. 3a top row shows a representative g(2)(τ) trace recorded for 

a quantum emitter on a trench. No photon antibunching, i.e. the disappearance of the center peak 

at time τ = 0, can be observed. Instead, the R value, which is defined as the ratio between the area 

of the center peak at time τ = 0 and the average area of the side peaks, of ~ 1 is obtained. Photon 

antibunching is a hallmark of single photon emission, as it implicates that the probability of 

obtaining two or more photons per excitation pulse from the emitter is minimal. The lack of photon 

antibunching in the g(2)(τ) traces could be primarily due to one of the two following reasons or 

their combined effects: i) the excitation and subsequent emission of more than one single photon 

emitters within the excitation beam area, and ii) quantum cascade emission from the multiexciton 

states of an individual quantum emitter.44-46  
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Figure 3. (a) Gate delay time-dependent g(2)(τ) traces of a quantum emitter on a trench. Top: tGT 

= 0 ns; middle: bottom: tGT = 2 ns; bottom: tGT = 3 ns. (b) Gate delay time-dependent R values 

(RTG) of the quantum emitter shown in (a). The gate delay time tGT is offset by the corresponding 

electronic delay in the system. The gray curve is an exponential fit to the data. 

 

To identify which of these two mechanisms gives rise to the R ~ 1 in the g(2)(τ) trace, we exploit 

the fact that multiexciton states generally decay much faster than single exciton states,47-49 and 

construct single exciton g(2)(τ) traces through the use of photons only arriving after certain gate 

delay time tGT (see Supporting Information S3 for details).50 By setting the gate delay time tGT to 

be much longer than the multiexciton lifetime, the newly constructed single exciton g(2)(τ) traces 

will be void of multiexciton contributions and yield only information about the number of emitters. 
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The middle and bottom rows of Figure. 3a show the time-gated g(2)(τ) traces of the quantum emitter 

at gate delay time tGT = 2 and 3 ns, respectively. As tGT increases, the relative area of the center 

peak compared to the side peaks reduces. The gate delay time dependent RTG values (the subscript 

TG here denotes the application of the time-gating) of the quantum emitter are derived from the 

time-gated g(2)(τ) traces and plotted in Figure. 3b. Upon application of time gate and exclusion of 

multiexciton emission, the RTG value of the quantum emitter decreases and eventually reduces to 

a minimum value of ~ 0.1. This RTG value reflects sole contributions from single excitons and the 

fact that it is much smaller than 0.5 and close to zero strongly suggests our detection of an 

individual quantum emitter with multiexciton emission instead of small clusters of single photon 

emitters, as the latter would not yield photon antibunching regardless of the applied gate time.50 

We note that the nonzero residual RTG value is likely caused by measurement noise including the 

presence of dark-counts, cross talk between the two detectors, and background noise.50 In our 

study, we only focus on emitters that exhibit photon antibunching up on the application of gate 

delay time to ensure that individual quantum emitters are investigated. From numerous sharp PL 

peaks and multiple monolayers deposited over a variety of trench widths, we repeatedly observe 

RTG values being smaller than 0.5. These findings signify that the trench strain-induced quantum 

emitters observed in this study can support biexciton emission. Interestingly, R ~ 1 in the g(2)(τ) 

traces suggests that the exciton and biexciton quantum yields are close to each other (see 

Supporting Information S3 for details). Such phenomena have been commonly observed in weakly 

confined quantum emitters that support small Auger effects and weak exciton-exciton 

interstions.44-49 

To understand the origin of the quantum emitters observed here, we investigate the influence of 

the trenches by simulating the strain fields experienced by the deposited WSe2 monolayers. As 
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shown in Figure. 4a and Figure. S2, when a WSe2 monolayer is deposited on the trench, the 

application of an external force pushes the suspended section of the WSe2 monolayer towards the 

trench bottom, leaving it adhered there through its van der Waals interaction with the trench 

bottom. We notice consistently in various samples that the WSe2 monolayers do not conform 

intimately to the sharp edges of the trenches. Instead, they stay mostly detached and follows a 

relatively milder descending slope (Figure. 4a, inset). Bearing these structural features in mind, 

we start by simulating the ideal case where the trench edges are regarded as smooth without any 

structural irregularity (see the Experimental Section and Supporting Information S4 for the 

detailed simulation method). Briefly, the WSe2 monolayer is modeled as a thin, elastic plate 

initially suspended over the trench. This approach has been demonstrated to provide reasonable 

estimation of strain distributions.16 Upon the application of an external pressure on the order that 

a human finger can exert during mechanical exfoliation,41, 42 we obtain final monolayer geometries 

comparable to that observed experimentally (Figure. S5). Notably, the segment of the monolayer 

closest to the trench edge experiences the most significant strain (Figure. S5a, 1), which then 

reduces in the suspended segment (Figure. S5a, 2). As the monolayer touches the trench bottom 

(Figure. S5a, 3), it also experiences a strain field, but noticeably smaller than the strain at the trench 

edge. To obtain a more quantitative picture, Figure. 4b shows the strain distribution in a monolayer 

settled on a 4 μm wide trench. The strain profile appears to be highly uniaxial and oriented along 

the trench direction (denoted as the x-direction). Its amplitude rapidly reduces from a maximum 

value of ~ 3% at the trench edge to almost zero as it moves towards the trench center (y-direction). 

This 1D strain landscape can cause exciton confinement in the y-direction, which is consistent 

with the slightly red shifted broad defect band observed in the trenches compared to those on flat 

substrates (Figure. 1e). We expect the influence of the relative orientations between the uniaxial 
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strain and the monolayer crystalline orientation to be negligible due to the consistent results 

obtained from various monolayers randomly placed on trenches. This conclusion is also in 

agreement with previous theoretical studies.51   

 

 

Figure 4. (a) SEM image of a WSe2 monolayer deposited on a 4 μm wide trench. The inset is a 

zoom in view of the area marked by the dashed lines. The scale bar in the inset is 200 nm. (b) Top: 

strain distribution in a WSe2 monolayer deposited on a 4 μm wide trench with smooth edges. The 

trench edge is marked by the vertical dashed line. Bottom: strain profile extracted from the 

horizontal dashed line in the top panel. y = 0 is set to be at the trench edge. (c) An AFM image of 

an as-fabricated trench. The flat area of the substrate next to the trench is shaded in green. The 
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scale bar is 100 nm. (d) 3D roughness profile of the area highlighted by the blue dashed lines in c. 

The flat area of the substrate next to the trench is shaded in green. (e) Strain distribution in a WSe2 

monolayer deposited on a 4 μm wide trench with a structural protrusion represented by a 170 nm 

diameter, 110 nm wide SiO2 cylindrical segment. The trench edge composed by the structural 

protrusion is marked by a dashed orange line. The scale bar is 20 nm. (f, g) Strain profiles extracted 

from the marked areas in e. The origin (0,0) of the axes is indicated in e. (h) Upper left: schematic 

of the elongated quasi-1D potential well created by the local topography variations at the trench 

edges. Bottom right: sketch of the weak confinement in the x-direction and strong confinement in 

the y-direction leading to the accommodation of more than one exciton in the x-direction. 

 

However, our observation of highly localized, sharp emission peaks giving rise to nonclassical 

photon emission statistics indicates that the corresponding excitonic states are confined in both x- 

and y-directions, which cannot be accounted for solely by the 1D potential wells induced by 

smooth trench edges. Given that the localized emission peaks are associated with the trench edges, 

as shown in Figure. 2b, we speculate that irregularities on the trench edges, which are unavoidable 

in as-fabricated microstructures,52, 53 have caused the additional confinement in the x-direction. 

Our interrogation of the trench edges using AFM confirms this speculation: although the flat 

substrate areas next to the trenches appear to be smooth with an average roughness < 1.2 nm (green 

shaded regions in Figure. 4c and 4d), structural roughness on the orders of tens of nanometers can 

be observed at the trench edges and sidewalls. We feature these irregular structures at the trench 

edges as SiO2 cylindrical segments with various diameters in our strain simulations (see 

Supporting Information S4 for details). Figure. 4e shows a representative case in which a 170 nm 

diameter, 110 nm wide SiO2 cylindrical segment is placed at the trench edge. In a sharp contrast 
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to the 1D strain profile created by a smooth edge, a strain landscape localized both in the x- and 

y-directions can be observed at the end of the protrusion. The strain profile around the structural 

protrusion is extracted and plotted in Figure. 4f and 4g. A localized, slightly elongated strain profile 

with FWHMs of ~ 39 nm and ~ 10 nm in the x- and y-directions is obtained. It is worth mentioning 

that the strain along the y-direction is highly asymmetric. Our simulations of trenches incorporated 

with cylindrical segments of diverse parameters render similar results (see Figure. S6 for more 

examples).  

Taken together, we ascribe the weakly confined excitonic states observed at the trench edges to 

localized potential wells caused by local topography variations. Compared to the highly confined 

0D potential wells created by point defects,4, 5, 22, 54 the strain-induced potential wells observed 

here is slightly elongated, forming quasi-1D profiles (Figure. 4h). The relatively weak confinement 

in the elongation directions of the potential wells leads to reduced multiexciton interactions such 

as Auger effects,49, 55 resulting in signatures of biexciton emission. These findings implicate the 

important role played by local structural variations.  

 

4. CONCLUSIONS 

In summary, we study the influence of local topography variations on the optical properties of 

WSe2 monolayers. By depositing the monolayers on trench edges that are supposed to induce 1D 

strain profiles, we instead observe optical features that are characteristic of trapped excitons at the 

trench edges, which are manifested as spatially localized emission, narrow PL peaks, and long 

exciton lifetimes. Distinct from quantum emitters originating from point defects, those observed 

in this study exhibit strong biexciton signatures, as indicated by the photon-correlation 
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measurements. Through careful sample screening and topography characterization, we attribute 

the quantum emitters observed at the trench edges to topographic disorder induced strain 

localization. Our numerical simulations suggest that local topographic disorders can induce quasi-

1D like localized strain landscapes in the WSe2 monolayers, which result in weakly confined 

excitonic states. These results underscore the critical role played by topography variations in the 

confinement of excitons, and may help promote more innovative strain engineering approaches 

for expanded functionality and easy integration.   
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