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Researchrelated to 2D materials

üGrowth of monolayer transition metal dichalcogenides (TMDs)

üTuning optoelectronic properties via defect/dielectric/strain engineering 

üHigh mobility 2D quantum materials (Bi2O2Se and Tellurene)

Applications of nanostructured materials

üQuasi-2D nanosheets of CsPbBr3: growth and application

üHybrid nanostructure based Neuromorphic optoelectronic devices

üNanoparticle based quantum-enhanced sensor platform
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1. Photo-Lithography unit

2. Reactive Ion Etching (RIE)

3. Microwave plasma cleaner

4. Low pressure chemical vapour deposition (LPCVD)

5. Various low noise preamplifiers, filters etc.

6. Environment control chamber

7. Transient photoresponse measurement setup

8. UV curing setup

9. In-situ nanowire growth monitoring setup

10.UV-Ozone chamber with electrical and optical port

11.Probe station (2 set)

12.van der Waals heterostructures making setup

13.Contact angle measurement setup

14.  Low temperature (LN2) cryostat

15.  Optical cryostat (LN2)  

Instrumentation: Home-built setup

16.Cross-correlation based noise measurement setup

17.Nanogenerator setup

18.Strain dependent electronic property measurement setup

19.Bio-sensor unit 

20.Multipurpose Radiation detector

21.  Vacuum annealing (up to 400C) unit

22.Micro -reflectance setup

23.Scanning Photocurrent microscopy

24.Micro -Raman and PL measurement unit 

25.Photo Hall measurement setup

26.Laser annealing based nanoparticle synthesis setup

27.Portable spectrometer
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Growth

High mobility ~35 cm2/ Vs

Gokul MA and Atikur Rahman, Indian Paten no. 463578.

50 µm

2D TMDs NPs

Ayesha Rahman et al. Small Methods, 10, 2500245 (2026) 

Indian patent no. 584300 5





Advanced Materials Interfaces1, 2102054 (2022)

ACS Applied Electronic Materials 4 (12), 6038 (2023)

Dielectric Engineering

Enhanced photodetector performance

Photoresponse increased over a wide 

wavelength range and up to three orders 

of magnitude

Tuning exciton-trion by varying the 

local dielectric environment through 

substrate texturing. 

Tuning PL of WS2 on substrates

2D Materials8, 045032 (2021)

Large area harvesting of emission 

from the dark exciton reservoir

Manuscript(underpreparation)
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2D Materials 10, 045009 (2023)

Strain induced defect migration 

and defect activation

Strain Engineering

Nanoscrolls: better field-effect 

transistors, photodetectors, and 

memory devices. 

2D Materials12, 045005 (2025)

Tensile strain induced brightening of 

momentum forbidden dark exciton

Phys. Rev. B (Letter), 110, L081405 (2024)
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nanosheet of Bi2O2Se 

Small,  e10537  (2026)

ACS Appl. Electron. Mater. (2025)

Nanotechnology 35, 075707 (2024)

Stable high-mobility 2D semiconductor

WL

    WAL

Bi2O2Se nanosheets 
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Stable high-mobility 2D semiconductor

Tellurene
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50 um

Single crystalline CsPbBr3 nanoplatelets

Near room temperature 

growth of tens of micrometer 

size high high-quality nano-

platelets.

Indian Patent Application No. 

202321063998

Advanced Materials Interfaces, 

1, 2201749 (2022).

New lithography technique  for 

water-soluble materials

Advanced Materials 

36, 2403875 (2024)

Ultra-low dark current 

& ferroelectricity

Applied Physics Letters 

127 (18) (2025)

Host room-temperature 

ferroelectric bubble domains
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Defect engineering Č a versatile route to tailor the electronic structure, symmetry, and 

carrier dynamics of 2D materials

Defect engineering for tunable properties

Can be implemented by:

ÇControlling growth conditions  (precursor, carrier gas.é.) 

ÇPost growth modification (physical, chemicalé)

Won et al., Nano-Micro Lett. 14, 58 (2022)

Vacancy 

Nanopores 
Doping 

Grain-boundary 

Phase boundary 
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Dislocations ČScrew dislocations induced Bulk Photovoltaic effect 

in Spiral WS2

 Symmetry breaking

       Photovoltaic results & analysis

       Dominant Mechanisms: shift current

       Conclusions

Outline Defect Engineering: Doping to Dislocations 

Meghasree Basu

Manisha

Doping Č morphotaxial  Cu doping in CVD-grown MoS2 monolayers 

 stable p-type doping by ñsubstitutionalò Cu incorporation 

 modifies the trap-state landscape

 suppression of dark current

 faster photoresponse
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Morphotaxial  Cu-doping in MoS2 monolayer

David Lam et. al ACS Nano202216 (5), 7144-7167

Morphotaxy utilize existing layered material as a template for growth or chemical conversion 

Morphotaxial Cu-doping 
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Optical and XPS characterization of Cu-doped MoS2

Raman spectra 

× Blueshifts ὃ  Peak 

× Reduced FWHM of ὃ  Peak  

× Decreased  trions contribution

× Shift towards lower binding energy in XPS 

p-type doping!! 

PL spectra XPS spectra 

Presence of shake-up 

structure 

Cu2+
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HRTEM and elemental mapping of Cu-doped MoS2

×Cu is substituting at Mo-site.  (Communications Materials (2026))

https://www.nature.com/articles/s43246-026-01120-1
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Effect on the opto-electronic properties

×Reduction in dark current 

×Vth shift towards positive side  

×I light /Idark ratio increases by 3 orders  
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Time-resolved photoresponse

üRise time 14 to 16 s  

üFall  time 18 to 22 s  

üRise time 487 to 529 ms  

üFall  time 322 to 347 ms  

Before doping 

After doping 

@ 470 nm @ 470 nm

Long-term operational stability   
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Trapping dynamics before and after Cu-doping 

Ὅ  Ὅ  ὃὩ ϳ   ὃὩ ϳ  

Deep traps dominate  

Shallow traps dominate 

Transient response fitting 

Before doping   

After doping   

ὝᶿὩὼὴ
Ў

ЎὉ  Ὁ  Ὁ

Ὕ  θὝ

Ὅθ ὖ

Power law  
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Device-to-device variability 

Statistics of 70 devices 

I light /Idark ͯ  102
After Cu 

doping

After Cu 

doping
Ὀᶻ  R

Ὑ
Ὅ

ὖ

After doping

I light /Idark  ͯ104 

(Communications Materials (2026))

https://www.nature.com/articles/s43246-026-01120-1
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Cu-doped Monolayer MoS2 memtransistor 

× Writing pulse

× Erasing pulse

× Memristive loop × Switching ratio × Synaptic plasticity

Cycles #

ὃὧὧόὶὥὧώ ͯωψϷ

(Manuscript in preparation) 22



Gate tunable  multibit memory states

× cyclic endurance × Switching ratio > 10 2

10 ms

Writing pulse 

× Pristine MoS 2 × Cu -doped MoS 2

(Manuscript in preparation)

Cu-doped Monolayer MoS2 memtransistor 
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Conclusion 

×Cu doping in MoS2 by solvent-based cation-exchange morphotaxy. 

×Cu doped MoS2 show  the reduction in dark current, and increased ϳὍ Ὅ  ratio.

×Faster rise and fall time after doping. 

×Cu-doping leads to memristive phenomena at lower switching voltage.
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Bulk Photovoltaic effect in Spiral WS2
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Light -Matter Interaction: How Conductivity Changes

Each mechanism leaves distinct experimental fingerprints in:

ÅI-V curves

ÅTemporal response

ÅPolarization and symmetry dependence

When light illuminates a material, conductivity can change via multiple physical pathways.
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Mechanism behind BPVE: Shift current

ÁReal space displacement of the charge during the optical transition from V.B to C.B.

ÁCarrier separation occurs during photoexcitation itself, bypassing drift-diffusive transport and reducing 

energy losses

ÁMagnitude and direction of displacement are determined by the Shift Vector (R), a quantity derived 

from Berry Connection in k-space.

Á It is independent of carrier lifetime and is robust against scattering by disorder.

Á It depends on the polarisation angle of linearly polarised light

Jq=0 in an inversion-symmetric system
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Rely on external symmetry breaking. 

 By strain engineering Č difficult  to control, fragile, and challenging to scale reproducibly.

BPVE in 2D materials

Our approach: Topological-defect-induced symmetry breaking 

 CVD-grown spiral WS naturally incorporates intrinsic symmetry breaking through screw-

 dislocation-driven helical growth.

 This intrinsic asymmetry removes the need for external strain or complex device 

architectures.
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Morphology of Spiral WS2

AFM shows periodic step heights of ~0.8 nm 

Č layer-by-layer growth.

ÁSpiral WS flakes synthesized via CVD

ÁTypical lateral size ~30-100 ɛm

Presence of dual-axis misorientation (twist and 

rotation) disrupts the inversion symmetry of 

the spiral samples.
X-TEM SAED
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Strain in Spirals

Room Temp.

Room-temperature Raman spectra recorded at the marked locations, 

showing the combined Ὁ  and LA modes without observable peak 

splitting

(a)

At 10K, % , splits into Eǋ and Eǋ , which is a 

spectroscopic signature of in-plane uniaxial or 

anisotropic strain in 2D materials.

(e)(d)

(c)(b)

Ὁ

The splitting of phonon Eǋ and Eǋ is the signature of

in-plane strain induced by the spiral structure.
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Symmetry breaking in Spirals

Á Across three different regions, SHG lowest intensity observed in thinner areas 

and the highest near edge region.

Á Incident laser power shows quadratic dependence.

Á The polarisation-resolved SHG measurements across the spiral WS2 flake reveal spatially varying symmetry 

features that directly reflect local strain variations.

(a) (b)

(c) (d)

20ɛm

Meghasree Basu et. al. (submitted) 31



Symmetry breaking in Spirals
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