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Our Research Focus Areas

Our current research activities include

— Electronic materials synthesis (Two-dimensional Materials)

— Light-matter interactions for photodetectors and neuromorphics
— Stitching heterostructures of dissimilar materials

— Biomaterials for antipathogenic coatings

— Flexible optoelectronics

— Research — Industry Partnerships
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Technologies of the Future | Materials Drive

Industry Demand -> New fundamental discoveries - Scalable manufacturing - Prototyping = Product
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Two-dimensional materials

Energy efficiency
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2D Materials

2D materials — Free standing, atomically thin single layer of a layered
material.
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Phosphorene ?
Exists in a layered crystal form (Black phosphorus)

Allows easy exfoliation of layers.
Thickness dependent bandgap

Exhibits a natural direct bandgap,
which increases with reducing thickness

Highly flexible
Young’'s modulus smaller than graphene
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Problem with phosphorene

Degrades rapidly in an ambient environment

Initial reports suggested humidity causes degradation
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What degrades phosphorene

Photo-oxidation does!!

Humidity facilitates this process

hVvV ‘ Phosphorus @
ROS @

' RMIT Walia et al., 2D Materials, 2016, 4, 015025
UNIVERSITY Walia et al., Advanced Materials, 2017 (10.1002/adma.201700152)
Ahmed et al., NPJ 2D Materials and Applications, 2017 1, 18
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Light plays key role in phosphorene degradation
Humidity expedites the process!

+ Humidity + Light

+ Humidity — Light — Humidity + Light

bEE )
os? &
_ S

Sample 1 Sample 2

— Humidity — Light

Day 1

Day 8

Sample 3

Sample 4
Scale bars correspond to 2 ym

In fact, phosphorene can be used in humidity sensors when operated in dark
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Which wavelength causes fastest degradatlon ?

Exposure d Pre-exposure After 10 min exposure After 24 h storage

-
- :

565 nm 455 nm
Control

Excitation wavelength

660 nm

850 nm

Short bursts of blue light are
OK

1050 nm

Scale bars correspond to 1 ym

# RMIT UV should be blamed for

WNIVERSITY - phosphorene degradation
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Why light causes rapid degradation?
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So how can we prevent phosphorene from these
damaging oxygen species ?
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Anti-oxidant lonic liquids (ILs) are effective

Light lllll [BMID/I][BFA

Relative ROS
o
N
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Q

Drain Current /, (LA)

IL protected phosphorene retains electronic

characteristics for over 3 months
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Holy Grail — Neuromorphics and artificial vis

Variability

Latency

e Intrinsic physics * Wire resistances

o Material engineering * Matrix size

e Process control * Non-linearity
Lab-to-fab

Data-driven designs
research BenChmarking

Very large

scale integration

PDRMIT
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Density

* Scalability
¢ Stackability
* Cost

Advanced
nano-prototyping

Technological
feasability

Nature Communications 9, 5267 (2018)
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Human vision as inspiration

Human vision system Machine vision

I.Ellchme (Neural network)
€ Artificial eye
Self-driving cars

© (©)

l Output (decision)

Brain (Neurons)
Processing and decision
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Biological Synapse | Basics and Functionalities

Excitatory
synapse
Synapse
Presynaptic = Postsynaptic
neuron

Inhibitory
synapse

Presynaptic
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Can we use light in electronic devices to mimic
Excitatory & Inhibitory action potentials of a synapse?

Dr Taimur Ahmed
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Black Phosphorus | Optoelectronic synaptic devices
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Black Phosphorus | Optical logic devices

2-bit XOR logic gate b
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Artificial neural networks | Pattern and image recog

» Can mimic long-term
potentiation and depression

» Optical WRITE (280 nm) and
Optical ERASE (365 nm)
without using electrical
gating
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Neuromorphic vision | Pattern and image dete

m

z‘rix

Aishani Mazumder:
(Thurs Dec 15 Room R7 12 PM)

Thiha Aung: Poster #172

Thurs Dec 15, 05.30 PM)
|i| 1
before llumination post illumination 30 minutes 60 minutes 05
post illumination post illumination
UNIVERSITY
10
30 minutes 60 minutes 22

before illumination post illumination post illumination post illumination



SnS based high-speed, broadband photodetectors
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> Ms fast response using 0.8-1.8 nm thick sheets

» Broadband (280-850 nm)
» One of the highest responsivities and detectivities for similar

®» RMIT thickness systems

UNIVERSITY
Dr Vaishnavi Krishnamurthi
Advanced Materials 32 2004247
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Heterostructures and large-area ultra-thin sheets

(2]
o

p-n junctions

diyo pajeoo

Phase change materials —
antimony
sulfide/selenide/telluride
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universiTy  Alignment stage for Maskless lithography 3-zone CVD
heterostructures

We synthesize most 2D materials in liquid phase too
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Integration of 2D materials with flexible, elastomeric platfor

Compressed black phosphorus
device on PDMS

Array of electrodes on flexible

» Strain manipulation
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Printed 2D inks for UV exposure indicator

a) Room temperature cured final blend strip 1 2 3 4 5 6
90% exposure skin type 1
t ;: f
. ' Unexposed
Unexposed . Unexposed
Unexposed patch Exposed patch 90% Exposed patch after 3 30% MED
b) skin type 1 weeks exposure

60% MED
exposure

90% MED
exposure
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Exploiting reactive oxygen species for functionality

— Antibacterial and antifungal action

A Control 30 min 60 min 90 min 120 min

Confocal laser scan microscope
imaging

Green and red nucleic acid and
propidium iodide (PI) stains

— Pl only permeates damaged cell
membranes and bind in higher
affinity to nucleic acid to replace
the green stain

N Mx Zo Shaw
' RMIT Control 30 min  60min 90 min 120 min Dr Aaron Elbourne

UNIVERSITY Microbial viability as a function of time. A) Time-lapse CLSM images of MRSA and fluconazole resistant
Cryptococcus neoformans (F) cells following exposure to Black Phosphorus. B) Antimicrobial performance was ~ ACS Applied Materials & Interfaces 13 17340 2021
quantified as a percentage of dead cells from the CLSM images gs a function of time. Nature Communications 12 1 2021

Fungi

1001 [ MRSA
Il Crytococcus neoformans (FX)
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Technology capability areas

Our current research activities include

— Synthesis of atomically thin materials

— Photodetectors (detecting different wavelengths of light on demand)

— Atrtificial vision devices enabled by optoelectronic memories and machine learning

— Engineering Light blocking layers (Transmit and block selective wavelength bands
on demand)

— Antibacterial and antifungal coatings
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MlcroNano Research Facmty

- Comprehenswe faC|I|t|es for the design, modelling, fabrication,
packaging, and characterisation of micro and nano scale devices.

- Nine laboratories are housed within the 1200 square metre facility.
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ARC Centre of Excellence in Optical microcombs for
Breakthrough Science

Research themes

Microcomb Science and Technology Spectroscopy and Microscopy Information and Intelligence
Understand new optical physics for generating Better understand living organisms and complex Advance record-breaking internet transmission for
combs, structures and materials gases rapid brain-like machine learning

Sensing and Measurement Astrocombs

r:]1 Create compact robust atomic clocks for structural Deliver new calibration standards for astronomical
RMI monitoring and mapping of geological features spectrographs to search for planets in other solar
systems
PNIVERSTY Room E2, Thurs Dec 15, Hear from Prof A Mitchell
- (0]0) , urs vec , mear 1ro rof Arnan Mitche
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Student presentations

— Aishani Mazumder (Oral): Non-volatile Resistive Switching in Layered InSe via
Electrochemical Cation Diffusion

(Dec 15 Thur Room R7 12 PM)

— Mei Xian Low (Oral): Enhanced Photodetection with BP — Organic Hybrid (Already
presented)

— Thiha Aung: Prolonging memory retention in optoelectronics devices using
compensation model

(Poster #172, Thurs Dec 15, 05.30 PM)
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Get in touch for possible collaborations and partnerships!!

Professor Sumeet Walia

E sumeet.walia@rmit.edu.au
P +61 3 9925 2136
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https://www.functionalmaterials.info/

