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Building at the microscale,
nanoscale and beyond
The ability to build complex three-dimensional shapes and patterns at the scale of one millionth of a meter allows the creation of surfaces
and structures with specifically tailored characteristics. Going beyond the conventional methods for making tiny structures, researchers
are drilling down to the bare basics – manipulating atoms, one-by-one, to literally build structures from the “bottom-up”.
Forming one of the capability
groups in IMRE, the Patterning
and Fabrication team develops
advanced patterning and fabrication
techniques, and turns these into
functional surfaces, devices and
systems. The R&D work focuses
on manipulating the materials
properties of nano and molecular
structures. Its current research
activities include:

tens to hundreds of nanometers.
This template is simple to prepare
- via anodisation of a pre-treated
aluminum foil at controlled
conditions. ALD is a vapour-based
thin-film deposition technique
that allows for conformal, very
uniform, atomic-level film thickness
coating on 3D nanostrucutres.
The ALD technique and AAO
template are combined to allow
the preparation of well-controlled
metal oxide nanostructures that
are used for sensing, photocatalytical
and
photovoltaic
applications.

Top-down Surface Patterning
Techniques
Nanoimprinting lithography (NIL)
NIL is a low cost, high throughput
surface patterning technique for
making high-resolution micro- and
nanosized structures. IMRE has
developed a series of unique NIL
technologies which include the
ability to create complex 3D micro
and nanostructures. This has allowed
IMRE to build complex surfaces
onto engineered plastics that
successfully mimic the unique
properties of natural systems. These
include the anisotropic wetting
of a rice leaf or the superhydrophobic (water-proof) lotus leaf.
Learn more about this research
in the article, “Taking a leaf
from nature”.

materials can be deposited, etched
or ions implanted onto a substrate.
The patterns on the masks are
made by various lithographic
techniques (such as electron beam
and photolithography). Stenciling
allows patterns to be created
on 3D topographies and does not
require heat or chemical treatment
of the substrate, paving the way
for the usage of a wide range
of substrates and materials.

Nanostenciling
Much like the stencils used to trace
shapes onto paper, nanostencils are
used in micro and nanotechnology
as miniature masks through which

Molecular-assembly Techniques
Anodic aluminium oxide (AAO)
AAO is a nanoporous template
with hexagonally packed pores
having diameters ranging from

Dr Low Hong Yee leads the
Patterning and Fabrication group in
IMRE.

Grafted molecular assembly (for
immobilisation of biomolecules)
By adjusting the architecture
of a grafted polymer scaffold,
the surface properties of a cell,
such as density, can be customised
to probe specific biological
cell responses. Control over the

surface density at attachment
sites
has
been
used
to
regulate cell spreading and
mobility. This technology is now
being applied to the propagation
of human embryonic stem cells
on a defined, artificial substrate.
Self-assembly of soft materials
Self-assembly techniques exploit
the inherent tendency of molecules
or nanoscale objects to order
themselves spontaneously into
structures or patterns in the
nanoscale, driven by non-covalent
forces of interaction between the
building blocks. The technique
is a cost effective way of creating
a macroscopic collection of
nanostructures in parallel. A
wide variety of materials can be
patterned this way, with feature
sizes < 50 nm and densities of
the order of 1Tb/in2, uniformly
spread over a full 4” wafer.

Nanoscale Device Design and
System Integration
Photonic devices
The photonics work in IMRE
focuses
on
semiconductor
lasers and optical switches, the
two key components for optical
communication
and
onchip
photonics
integration.
Unique
semiconductor
lasers
and optical switches have been
made by integrating the device
architecture
with
innovative
material growth and device
fabrication technologies, e.g.
the complex coupled DFB laser
and ultra-compact 1xN optical
splitters. IMRE is now producing
a compact CW terahertz (THz)
source
as
well
as
using
photonic crystals and metamaterials for novel photonic
applications.

Lab-on-a-chip based portable water analyser
licensed to AWA Instruments Pte Ltd

I

MRE, through Exploit Technologies, A*STAR’s
commercialisation arm, has licensed its lab-ona-chip technology to AWA Instruments Pte Ltd.
The hand-held analyser is a packaged prototype
with
integrated
microfluidics,
contactless
conductivity detection and electronic components
within a system that brings sensitive, accurate
and reliable water analysis out of the laboratory
and into the field.

Early prototype of IMRE’s portable water analyser.

For more information about the research, please contact
Dr Isabel Rodriguez
i-rodriguez@imre.a-star.edu.sg

Taking a leaf from
nature (Part 1)
Adhesive gecko-like non-sticky tape?

H

ave you ever been annoyed by the
residue marks left behind by adhesive
tape? That may become a thing of the past as
IMRE scientists, using nanofabrication tools,
have mimicked the hairy surface structure of
a gecko’s feet to create a non-sticky,
residue-free adhesive tape alternative.

Complex hierarchical structures can be created by IMRE scientists using
sequential imprinting, an extension of a thermal NIL process.

For more information about the research,
please contact
Dr Isabel Rodriguez
i-rodriguez@imre.a-star.edu.sg

Artificially nanofabricated polymeric hierarchically
branched fibrils that mimic the gecko foot-hair
feature and its adhesive properties.
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IMRE is a bizSAFE partner
IMRE is the first research institute in Singapore to be
a bizSAFE Partner.

S

ingapore’s Workplace Safety
and Health (WSH) Council’s
bizSAFE programme guides SMEs
to build Risk Management and Safety
Management capabilities that helps
translates better safety processes
into significant cost savings. The
programme
also
recognises
partners that support the bizSAFE
initiative
by motivating its
contractors, vendors and suppliers
to join bizSAFE. Having assisted
our contractors, vendors and
suppliers in implementing risk
management processes, IMRE was
invited by WSH Council to be
a bizSAFE Partner.
“We have to do our part in
promoting the best safety practices
within our organisation and also
among the business associates
who work closely with us,” said
Ms Veronica Chew, IMRE’s Assistant
Manager
for
Environment,
Health and Safety.
The bizSAFE Partner programme

Singaporean and Korean research
institutes in landmark partnership

Mr Hashim Mansoor (left), Senior
Assistant Director, Enterprise
Capability Building, Workplace Safety
and Health Council, presenting the
bizSAFE Partner Certificate to Dr Lim
Khiang Wee (right), IMRE’s Executive
Director.

promotes sharing of resources,
training and other common activities
between client companies and
their respective contractors, vendors
and suppliers. This encourages
corporate bonding and may also
result in cost savings due to
economies of scale, cost sharing
and pooled efforts.

•

Reduce business costs and
downtime
Suppliers that have safer
and more productive work
processes

•

Builds a positive
corporate image and
promotes corporate social
responsibility

•

Part of a bigger
resource-sharing bizSAFE
community

The main signatories of the SIMTech-IMRE-KIMM agreement - (l-r) Dr Lim Ser
Yong, Executive Director of SIMTech, Dr Lee Sang-Chun, President of KIMM,
and Dr Lim Khiang Wee, Executive Director of IMRE.

A

five-year collaboration agreement
to develop micro- and
nanotechnologies between A*STAR’s IMRE and SIMTech,
and South Korea’s Institute of Machinery and Materials (KIMM)
was recently
signed
in
March
2009.
The
collaboration
involves joint academic meetings, symposia and research
& development (R&D) projects for applications across the
medical, biomedical, environment, automotive and aerospace
sectors.

RESEARCH

Taking a leaf from nature
(Part 2) - Colours of the rainbow
Artificial nano-sized surface structures that mimic the iridescent colour
of a butterfly’s wing are made using nanoimprint lithography (NIL).
The brilliant colour
spectrum (far left) that
mimics the colours of
a butterfly’s wing was
produced by domino-like
photonic nanostructures
(left) made using a
nanoimprint lithographic
process developed at IMRE.

Supramolecular Hydrogels
and Gene Carriers
IMRE’s Dr Li Jun and Mr Loh Xian Jun are rapidly gaining
recognition for their work in supramolecular self-assembly based
on specially designed block copolymers and cyclodextrins.

A

butterfly wing-like structure was made by IMRE researchers by shearing high
aspect ratio submicrometer pillars arrays that were pre-patterned using NIL. This
process makes it possible to manufacture the domino-like photonic nanostructures on
butterfly wings artificially, which are difficult to prepare using conventional micro
and nanolithography techniques. The engineered “butterfly wing” generated a tunable
bright iridescent effect which has potential applications such as in man-made
optical gas sensors, filters for flat-panel displays, and in innovative designs for
optical devices.
For more information about the research, please contact
Dr Low Hong Yee
hy-low@imre.a-star.edu.sg

Featured research —
Better way to make
brighter and cheaper LEDs

S

MOCVD growth on 6 inch silicon-oninsulator substrates produces thick
crack-free GaN films that are made
into LEDs with surface texturing for
improved light output.

lipping a SiO2 layer into nitride-on-silicon
LEDs boosts their brightness, thanks to
a substantial reduction in the substrate
absorption. The achievement was made by
an IMRE research team in collaboration with
Otto-von-Guericke University and Azzurro
Semiconductors of Germany. The research
was highlighted in a full-length feature in
the March 2009 issue of Compound Semiconductor (Vol.15, No. 2) under the article
“Reflecting layer boosts LED brightness”.

For more information about the
please contact
Dr Sudhiranjan Tripathy
tripathy-sudhiranjan@imre.a-star.edu.sg

research,

E-beam lithography (EBL) is a widely used lithography tool for defining extremely fine
patterns required in research and industry applications.
nabling direct write, high
resolution, sub-10 nm features is
one of the main advantages of EBL.
A state-of-the-art e-beam writing
system with a thermal field emission
electron gun of accelerating voltage
up to 100 kV was recently set up
at IMRE. Processes have also been
developed in-house based on the
usage of different resists, such as
positive resists of ZEP520A and
PMMA and negative resists of NEB22 and SU8. These processes are
capable of producing fine features
down to 8 nm. High aspect ratio
(1:5) resist structures such as 250

Better way to assess
WSH performance of
contractors, suppliers and
tenants

•

Nanometer patterning by e-beam lithography

E

bizSAFE partner
benefits:
•
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Leading the way in supramolecular hydrogels
- Dr Li Jun (left) and A*STAR Graduate
Scholar, Mr Loh Xian Jun (right).

A

supramolecule is a system of two
or more molecular entities held
together and organised by means of intermolecular non-covalent binding interactions.
In nature, proteins and DNAs are the
most commonly seen examples of
self-assembled structures. Such selfassembled systems have the ability for
‘error correction’, which means that the
system can reassemble into the ‘correct’
structure if the initial structure is
not perfect.
Hydrogels developed based on these
supramolecular self-assembly can be
used as injectable drug delivery systems
for sustained controlled release of
macromolecular drugs. The act to protect
sensitive drugs from being degraded
too quickly and at the same time
release the drugs in a controlled, regular
manner that increases the efficacy of the
drug in the body.

The
self-assembled
supramolecular
systems can also work as novel gene
carriers that can be imbued with
different properties such as flexibility
for
efficient
DNA
condensation
and biodegradability and biocompatibility.
Conventional
cationic
polymers
used
as
gene
vectors
contain
long sequences of covalently bonded
repeating units. For the novel supramolecular gene carriers, a different
method of bonding is used where
many of the cationic cyclic units are
threaded into a polymer chain to form
an integrated entity. This then creates
excellent DNA binding ability, lowcytotoxicity and high gene transfection
efficacy.
The research was done in collaboration
with Prof Kam Leong from Duke
University, USA and Profs Goh Suat Hong,
Ding Jeak Ling, and Wang De Yun from
National University of Singapore.
The cover page of Advanced Drug
Delivery Reviews 2008, Issue 9, used
a part of the graphics in a review article
co-authored by Dr Li Jun and Mr Loh Xian
Jun which published in the same issue —
Li J, Loh XJ, Cyclodextrin-based supramolecular
architectures:
syntheses,
structures, and applications for drug
and gene delivery (Invited Review),
Advanced Drug Delivery Reviews, 2008,
60, 1000-1017.
For more information about the research,
please contact
Dr Li Jun
jun-li@imre.a-star.edu.sg

Cross-sectional view of 8 nm wide lines.

nm wide lines with a spacing of
250 nm in 1.2 µm thick ZEP520A
resist were also produced. For
direct device applications, IMRE
also demonstrated the transfer of
nanometer features by integrating

EBL
with
other
fabrication
processes. An Si nanoimprint mould
was developed by combining it
with reactive ion etching (RIE). EBL
enables nanopatterning with submicrometer resolution, which in
turn contributes to prototyping
electronic devices such as high
speed transistors and FinFETs,
building photonic crystals as well as
quantum devices, to name a few.
For more information about the
research, please contact
Dr Deng Jie
j-deng@imre.a-star.edu.sg

Mass producing low cost
nano-sized structures

VISIT & EVENTS

Workshop on Optical and Emission
Imaging for Cell Biology and Biochemistry
5 Dec 08
Organised jointly with the A*STAR
Cross Council Office, the workshop
optical and emission imaging
techniques and their applications
in biological studies.
Participants attending one of the
workshop sessions.

SERC Metamaterials Workshop
10-11 Dec 08
IMRE organised the SERC Workshop
on Metamaterials, which brought
together leading experts in the
field including Prof Sir John Pendry
(Imperial College London) and Prof
Vladimir Shalaev (Purdue University),
among others.
Organisers and speakers of the
workshop on metamaterials.

Wafer scale nanopatterning via step and flash imprint lithography (SFIL).

P

atterning features on the
nanometre scale can easily
be achieved by the mature
high-resolution electron beam
(e-beam) lithography technique.
However, being a serial patterning
technique, e-beam suffers from lowthroughput processing. Although
the next generation lithography
techniques have high throughput
nanopatterning, the exponentially
rising costs of complex sources
and optics are deterring its
widespread use. Step and Flash
Imprint Lithography (SFIL) promises
the capability of high resolution
with high throughput patterning
at lower cost. The SFIL process
essentially uses a low-viscosity
photocurable
monomer
and
UV polymerisation to replicate
the topology of the mould
onto the substrate surface. As
a nanomoulding process it can
achieve high resolution, limited
only by the resolution of the

Workshop on Submicrometer to
Nanometer Scale Surface Patterning
15 Dec 08
The event covered R&D activities from ‘top-down’ to ‘bottom-up’ patterning
techniques and across the spectrum from ‘hard’ to ‘soft’ materials.

IMRE Workshop on “Magnetic
Materials and Characterisation”
Wafer-scale nanoimprinting: 50nm
Line-Space gratings patterned on a
full 8” wafer with near 100% yield.

Cross-sectional view of 50nm
Line-Space gratings.

mould features. UV-based curing
paves the way to a “step and
repeat” mode in this process,
which is necessary for scalable
pattern generation. Using the SFIL
technique, IMRE scientists have
successfully demonstrated waferscale nanoimprinting of 50 nm
Line-Space grating features on a
full 8” wafer, with an excellent yield

of nearly 100%. The ability to
pattern nanofeatures reliably at
the wafer-scale promises low-cost
nanodevices in the not-too-distant
future.

18 Dec 08
The workshop discussed characterisation techniques for measurement of
magnetic materials properties.

IMRE-ICOS Photovoltaic Workshop
13 Mar 09

For more information about the
research, please contact
Dr Jaslyn Law
lawj@imre.a-star.edu.sg

IMRE and the International
Consortium of Organic Solar Cells
(ICOS) organised a workshop
to present and share the latest
development in the field of
photovoltaics.

AWARDS
Overwhelming turnout at the first ever
IMRE-ICOS photovoltaic workshop.

IMRE students win at Singapore Science and
Engineering Fair (SSEF) 2009
Junior college students attached to IMRE win 2 golds and a bronze at event.

S

tudents attached to IMRE under
the SSEF progamme emerged
as winners as they bagged 2 golds
and a bronze in this year’s research
project competition. The SSEF is a

platform for budding scientists to
showcase their research projects,
some done under the guidance
of A*STAR’s research institutes.
The SSEF is affiliated to the annual

INTEL International Science and
Engineering Fair (ISEF). Winners
from SSEF will be selected to
represent Singapore to participate
in ISEF.

Workshop on Surface and
Interface Analysis
27 Mar 09
The event showcased the surface and interface characterisation
capabilities of A*STAR SERC and provided a forum to share information
with other research organisations.

UPCOMING EVENTS

Diary of upcoming events @ IMRE

A*STAR Research Exposure Programme

28 June - 3 July 2009

International Conference on Materials for Advanced Technologies (ICMAT)

17 Mar 09

13 July 2009

IMRE’s Outreach team introduced
18 secondary school students to
work in a research environment
and conducted a hands-on
research case study with them.

3rd IMRE Scanning Probe Microscopy Symposium (SingSPM)

To find out more about IMRE’s seminars and events, please visit
www.imre.a-star.edu.sg/events.

The students and facilitators of the
A*STAR Research Exposure Programme
at IMRE.
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PATENTS FILED & GRANTED
Listed below are highlights of some recent IMRE patents filed and granted. To find out more about our patents, please write in to enquiry@imre.a-star.edu.sg.

Highlights of IMRE patents filed and granted from Sep’08 - Feb’09

Miniaturised piezoelectric accelerometers

Adhesive branched structures

A

A

n IMRE team has designed and
fabricated
a
high
sensitivity
miniaturised piezoelectric accelerometer.
The
accelerometer
has
significantly
improved structural robustness and flexibility
as compared to existing accelerometers.
The fabrication process also allows
mass production of good quality miniaturised accelerometers.
Scanning Electron Microscopic images of
branched nano-pillars.

Top view of the Scanning Electron
Microscopic image of a miniaturised
piezoelectric accelerometer.

Conductive paste

method was established to fabricate
high density, high aspect ratio
branched polymer nanopillars that mimic a
gecko’s setae nanostructures, which are the
bristly hair-like structure found on its skin.
The fabrication process makes use of
tiered-branched nano porous anodic
aluminium templates and nanoimprint
technologies to produce branched structures
with tunable dimensions. These branched
nanostructures could be used as dry
adhesive tapes for medical and semiconductor applications.

Biodegradable thermogelling polymer

I

MRE has developed a method to
improve the thermal conductivity of
conventional micro-sized metal-flakes filled
die-attach pastes. The method makes use
of metal nanoparticle fillers with low
sintering temperature which can form
thermal bridges during thermal processing
at elevated temperatures.

Scanning electronic microscopic image of
die-attached paste with silver nanoparticles
upon curing.

Systems for pumping continuous liquid
columns in a microchannel

A

micropumping system was developed
to pump ultra-small volume continuous
liquid columns in a microchannel.
The pump, which makes use of
controlled hydrophobicity actuation features,
does not have any moving mechanical
parts and therefore can be miniaturised
to be a truely nano- or micro-pump.
Potential applications of this micropump
system include microfluidic and drug
delivery systems.

A fabricated pump.

Gel transition of thermogelling polymer with increasing temperature.

A

n IMRE team has prepared biodegradable thermogelling copolymers with tunable
properties and very low critical gelation concentration. The hydrogels formed from the
copolymers are very stable and are suitable for long-term sustained release of protein drugs.

Past issues of our newsletters are available on our website at

www.imre.a-star.edu.sg
For general enquiries please write in to

enquiry@imre.a-star.edu.sg

Other IMRE Patents filed from Sept’08 - Feb’09
No.

PATENT TITLE

Description

1

New block polymers and their applications for
antifouling

The invention relates to the synthesis of two novel amphiphilic block copolymers based on poly(ethylene glycol) and fluoropolymers (PPFS and PHFBMA)
using atom transfer radical polymerization (ATRP) and reversible addition-fragment chain transfer polymerization (RAFT) living radical polymerization.

2

Method for detection of a nucleic acid

The invention relates to the development of a homogeneous phase DNA detection method that is based on the surface plasmon properties of metallic
nanoparticles.

3

Polymers functionalised hollow silica and the methods
for polymers functionalised surfaces

The invention relates to the grafting of poly(ethylene glycol) (PEG) to hollow silica via urethane linkages. The PEG-graft-hollow silica can be used for
encapsulation of active species, and is promising for controlled delivery of anti-cancer drugs.

4

Plants coloured with nanocrystals

The invention relates to methods of engineering attractive luminous flowers by incorporating various emissive nanoparticles-based luminescent materials.
The invention can be potentially applied for customizable luminous flowers, ornamental glow-in-the-dark flowers, luminescent costume jewellery and
ready-made solution DIY kits for plant dyeing.

5

A method to prepare rare-earth metal-doped
luminescent metal oxide nanocrystal

The invention relates to the preparation of nontoxic rare-earth doped metal oxide (i.e. TiO2, SiO2, Y2O3, Gd2O3 and ZnO) nanocrystals and their applications
in bio-imaging.

6

Particles as bioimaging tags and targeting carriers for
diagnostics, delivery and controlled release

The invention relates to the formulation of morphology-visible fluorescent particles which demonstrate size selectivity of cancer cell uptake. These particles
can be used as carriers to incorporate drugs for drug delivery and controlled release, potential targeting tool for diagnostic and imaging, and make the
quantitative study of particle uptake possible.

7

High power white LEDs

The invention relates to a structure and growth methods for high power white LEDs with band-gap engineered InGaN/GaN quantum dots/quantum wells
and p-GaN with multi-stage doping profile. The invention can be applied for various illumination and display purposes.

8

Method to lift off group III-V nitride based epitaxial
layers

The invention relates to a method to lift off GaN epitaxial layers from foreign substrates (Si, SiC or sapphire, etc) via a combination of nano-epitaxy and
wet chemical etching.

9

Functional amphiphilic polymers-grafted nanoparticles
for “click” chemistry-based sensing

The invention relates to a novel coating for quantum dots using functional amphiphilic polymers for applications in sensing, 2D and 3D patterning, or their
combination.

10

Method of concurrent imprinting and selective metal
patterning on polymeric substrate

The invention relates to a versatile method to pattern gold or other metals selectively onto the protruded or the recessed region on a polymer substrate
through nanoimprint lithography (NIL) technique.

11

Biocompatible surface topography for medical devices

The invention relates to the development of a new surface topography with enhanced bio and hemo compatibility.

12

Flexible laminated microfluidic integrated devices

The invention relates to a laminated structure and also the methodology for design and fabrication of low-cost, printed electronics based field effect
transistors, circuits, photovoltaics, biosensors and related devices.
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