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Researchrelated to 2D materials

U Growth of monolayer transition metal dichalcogenides (TMDs)
U Tuning optoelectronic properties wafect/dielectric/strain engineering
U High mobility 2D quantum materials (J),Se andlellureng

Applications of nanostructured materials

U Quasi2D manosheets of CsPbBgrowth andapplication
U Hybrid nanostructure based Neuromorphic optoelectronic devices
U Nanoparticle based quanteenhanced sensor platform



Instrumentation: Home-built setup

Photo-Lithography unit

Reactive lon Etching (RIE)

Microwave plasma cleaner

Low pressure chemicalvapour deposition (LPCVD)
Various low noise preamplifiers, filters etc.
Environment control chamber

Transient photoresponsemeasurement setup

UV curing setup

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)

16. Cross-correlation based noise measurement setup
17.Nanogeneratorsetup

18. Strain dependent electronic property measurement setu
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

2D TMDs NPs
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A Bubble Free Interface through HITD

Clean, bubble-free interfaces
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Twisted MoS, N
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Dielectric Engineering

Enhanced photodetector performance Tuning PL of WS, on substrates
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Tuning excitortrion by varying the
local dielectric environment through
substrate texturing.
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Strain Engineering
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and defect activation momentum forbidden dark exciton transistors, photodetectors, and

memory devices.
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Stable high-mobility 2D semiconductor

Bi,O,Se nanosheets
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Stable high-mobility 2D semiconductor
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Single crystalline CsPbBg nanoplatelets

Near room temperature
growth of tens of micrometer watersoluble materials
size high highguality nane

platelets.

Indian Patent Application No.

202321063998 1, 2201749 (2022).

New lithography technique for
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Crystals are like people, it
is the defects in them
which tend to make them

interesting , ,

-Colin Humphreys

A society where A society with diversity
everyone is identical — specialized roles

Just as diversity enables function in society,

controlled defects enable functionality in 2D materials
(Al generated)

32



Defect engineering for tunable properties

Defect engineering a versatile route to tailor the electronic structure, symmetry, and
carrier dynamics of 2D materials

Can be implemented by:
CControlling growth

condi t
CPost growth modi f i
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Outline Defect Engineering: Doping to Dislocations

DopingC morphotaxial Cu doping in CVBgrown MoS monolayers
stablept ype doping by nsubstitut.
modifies the tragstate landscape
suppression of dark current
fasterphotoresponse

DislocationsC ScrewdislocationsnducedBulk Photovoltaiceffect
In Spiral WS,
Symmetrybreaking

Photovoltaiaesults& analysis

DominantMechanismsshift current
Conclusions
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Morphotaxial Cu-doping in MoS, monolayer

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

MorphotaxialCu-doping
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Cu-doped MoS,

CVD-grown MoS,
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David Lam et. al ACS Nan®02216 (5), 71447167 15




Optical and XPS characterization of Cudoped MoS
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HRTEM and elemental mapping of Cudoped MoS
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https://www.nature.com/articles/s43246026-011201

(Communications Materials (2026))

X Cu Is substituting at Mgite.
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Effect on the opteelectronic properties
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Time-resolvedphotoresponse
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Trapping dynamics before and after Cudoping

Transient response fitting
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Deviceto-device variability

Statistics of 70 devices /\
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Cu-doped Monolayer MoS memtransistor

x Memristive loop
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Cu-doped Monolayer MoS memtransistor
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Conclusion

x Cudopingin MoS, by solventbaseccationexchangenorphotaxy
x Cu doped Mo$ show the reduction in dark current, and incred®ed] O
x Faster rise and fall time after doping.

X Cu-doping leads to memristive phenomena at lower switching voltage.

ratio.
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Bulk Photovoltaic effect in Spiral WS,

25



Light -Matter Interaction: How Conductivity Changes

When light illuminates a material, conductivity can change via multiple physical pathway

Photoconductive Effect PN Junction PV Effect Bulk PV Effect

Each mechanism leaves distinct experimental fingerprints in:

A-V curves
Alemporal response
Aolarization and symmetry dependence
26



Mechanism behind BPVE: Shift current

A Realspacdalisplacemenof the chargeduringthe opticaltransitionfrom V.B to C.B.

A Carrierseparatioroccursduring photoexcitatioritself, bypassinglrift-diffusive transporiandreducing
energylosses

A Magnitudeand direction of displacementre determinedby the Shift Vector (R), a quantity derived
from Berry Connectionn k-space

A It is independenof carrierlifetime andis robustagainsiscatteringoy disorder

A It depend®n thepolarisatiorangleof linearly polarisedight

Jg = orsqBir s J =0 in an inversiorsymmetric system

27



BPVE In 2D materials

Rely on externalsymmetrybreaking
By strainengineeringC difficult to control,fragile,andchallengingto scalereproducibly

OurapproachTopologicaldefectinducedsymmetrybreaking

CVD-grown spiral WS naturally incorporategntrinsic symmetrybreakingthrough screw
dislocationdrivenhelicalgrowth

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

28



Morphology of Spiral WS,

SEM image

A SpiralWS flakessynthesizedia CVD
A Typicallateralsize~30-100 m

[T 7 — 7
Nzgafg Sulfurboat  WOj3 heat .-~ (\Exhaust

\| =iy’

AFM showsperiodicstepheightsof ~0.8 nm

4

C layerby-layergrowth
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Optical image AFM image oom;ed AFM image

Scale bar 20um

Presence of dualxis misorientation (twist and
rotation) disrupts the inversion symmetry of
the spiral samples.
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Strain in Spirals

R—T RoomtemperatureRaman spectrarecordedat the marked locations,
=D showing the combinedO and LA modeswithout observablepeak
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Symmetry breaking in Spirals
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A The polarisationresolvedSHG measurementacrossthe spiral WS, flake reveal spatially varying symmetry

featureghatdirectly reflectlocal strainvariations
Meghasredasu et. al. (submitted) 31



Symmetry breaking in Spirals
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SHG Intensity Map (Angle: 0.00°)
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