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Preface
Flexible electronics technology is a gateway of fast emerging next generation technologies namely
organic electronics, molecular electronics, organic - inorganic composites thin films with novel
properties and applications. Single molecule science is becoming a platform providing possibilities to
understand life mechanism as never before. Very selective Institutions in the world have taken a lead
and claimed their respective achievements indicating towards development of much talked about bottom
up technology, like nature. Self-growth controlled by pre-designed imbibed algorithms employing
molecular additive techniques take to realising physical entities on the pattern of mother nature.
The one day workshop on Flexible Electronics Technology (WFET 2018) at CSIR-CEERI Pilani has
been aimed to enter into this amazing new generation technology domain with a mission. Doubtless this
is a high science and high technology area well recognised by CSIR India besides DST GoI. A few
speakers from high end research Institutions of India are sharing their respective practical knowledge
not for sake of lecture but to interact with other participants of equal and higher aptitudes in their
respective research fields.
Professor Siddhartha Panda of IIT Kanpur is the coordinator of flexible electronics centre of its own
kind in the country. He will discuss about the centre and programs under execution. Professor Dipti
Gupta is from IIT Bombay and shall share her work on Engineering and Technology aspects of flexible
devices and sensors in context of applications. Professor Sanjiv Sambandan of IISc Bengaluru shall talk
on reliability and stability issues in flexible electronics. His work on self-healing will connect to high
science and high technology domain. Professor Sushmee Badhulika of IIT Hyderabad shall share her
knowledge in flexible active materials and their technology for opto-electronic devices and sensors.
Professor Soumen Das of IIT Kharagpur shall elaborate on techniques to realising flexible devices.
Organising committee of WFET 2018 also take the opportunity to felicitate one of Chief Scientists of
CSIR-CEERI Dr Anil Kumar who will reach to his superannuation in June 2018. Dr. Kumar has
contributed significantly initially in the development of Power Transistor and currently in
nanotechnology involving CNTs .
On behalf of organising committee I welcome honoured speakers and invited participants from research
and academic Institutions who have responded actively and are here despite of untold difficulties. I am
sure the meeting will open a new opportunity to all of us in the field of Flexible Electronics Technology.
Thank you very much
Jamil Akhtar
Co-Chairman, WFET 2018 @ CSIR-CEERI, Pilani
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The National Centre of Flexible Electronics - an overview of the activities

Siddhartha Panda
Professor
Department of Chemical Engineering
Indian Institute of Technology - Kanpur
spanda@iitk.ac.in

Abstract
The limitations faced in the manufacturing of the traditional large area electronic systems with
regards to the scaling up of substrate size can be overcome by printing organic and inorganic
materials on flexible substrates. These flexible substrate based manufacturing platforms would
potentially lead to lower production costs and benefit applications that derive value from the larger
size of the systems. The industry is growing and this opportunity is to be seized by India to derive
various technological, scientific and strategic benefits. This is an opportunity to provide solutions to
several unmet needs of India. The National Centre for Flexible Electronics was established at IIT
Kanpur in 2014 under the ESDM scheme of Electronics Policy 2012 of Government of India jointly
funded

by

the

Ministry

of

Electronics

and

Communication

Technology

(Govt.

of India) and IIT Kanpur. A 5000 m2 G+5 building is nearing completion; a 55 member project
team is in place; equipment are being procured and more will be procured; outreach to industry
ongoing, over 35 NDAs signed and several industry projects are running; several technology
components, systems and products are being developed. An overview of the activities will be made
and the plans will be highlighted.

Dr. Siddhartha Panda is currently a Professor of Chemical Engineering, and a participating faculty
in the Materials Science Programme, and the Coordinator of the National Centre for Flexible
Electronics (NCFlexE), at IIT Kanpur. His research focuses on chemical sensors for healthcare
applications and the accompanying transport, reactions, transductions and materials processing,
utilizing silicon and flexible printable platforms. Prior to joining IIT Kanpur, he was a
Staff/Advisory Engineer at the IBM Semiconductor R&D Center, New York, for over six years. He
obtained a Ph.D. from the University of Houston in 1999, an M.S. from the University of Cincinnati
in 1995 and a B.Tech. from IIT Kharagpur in 1992, all in Chemical Engineering.

Flexible Electronic Devices and Wearable Sensors

Dipti Gupta
Associate Professor
Metallurgical Engineering and Materials Science
Indian Institute of Technology - Bombay
Mumbai
diptig@iitb.ac.in

Abstract
All over the globe, researchers and industries are working hard to realize electronic devices that can
flex, roll or bend giving rise to an electronics era, which is popularly called “Flexible Electronics”.
Flexible electronic devices are very different in their format and applications and will transform the
way we make and use electronic devices. The materials used here are soft in nature, for e.g
conducting polymers, unlike hard and brittle silicon in conventional electronics. At Plastic
Electronics and Energy Laboratory at IIT Bombay, we are working on realizing Flexible and
Stretchable electronic devices for applications like wearable biomedical sensors and electronic
devices such as thin film transistors (TFT), solar cells and sensors. In this talk, I will give an
overview

about

materials

used,

engineering

approaches

and

processes

are cost effective, energy efficient and has the potential for large scale manufacturing.

that

Research Interests:
1 Flexible and stretchable electronics for biomedical applications
2. Wearable Electronic devices and Sensors for point of care applications
3. Energy harvesting Devices
4. Printed electronics and energy storage devices
WORK EXPERIENCE
1. Associate Professor (May.2016-present), Metallurgical Engineering and Materials Science, Indian
Institute of Technology (IIT) Bombay, Mumbai
2. Assistant Professor (Nov.2011- May.2016), Metallurgical Engineering and Materials Science, Indian
Institute of Technology (IIT) Bombay, Mumbai
3. BK Contract Assistant Research Professor( Sep.2009~ Nov.2011), Electrical Engineering
Department, Seoul National University, Seoul
4. EPSRC Research Associate (Aug. 2008-Aug.2009), Physics Department, Imperial College, London
5. Brain Korea (BK21) Post-Doctoral Fellow (Aug. 2007 – July 2008), Electrical Engineering
Department, Korea Advanced Institute of Science and Technology (KAIST), S. Korea

Self-Healing Circuits for Flexible Electronics: Possibilities and Challenges

Sanjiv Sambandan
Associate Professor
Instrumentation and Applied Physics
Indian Institute of Science, Bangalore
Bengaluru
sanjiv@iisc.ac.in

Abstract
The development of integrated circuits on flex provide several advantages such as flexible and
bendable displays and image sensors, wearable electronics for health monitoring, RFIDs, novel
energy harvesters based on flexible photovoltaics, piezoelectrics, TEGs etc. However the
development of electronics on flex is afflicted with the reliability the interconnect. The interconnect
on flex is subject to mechanical stress, current surges due to ESD (eg. in wearables) and
environmental damage (eg. during wash dry cycles of wearables). This results in open circuit
failures.
In this talk I discuss the possibility of using a dispersion of conductive particles in an insulating fluid
that permits the self healing of open circuit faults. The occurrence of an open fault in a current
carrying interconnect results in an electric field established in the gap. This field results in the
polarization of the particles that then chain up due to dipole dipole interaction. This chain spans the
gap thereby healing the fault. I discuss the characteristics of the heal mechanism and the methods to
package the same.

Dr Sanjiv Sambandan is an Associate Professor in Instrumentation and Applied Physics at the
Indian Institute of Science. He is cross-appointed as a faculty at the Department of Engineering,
University of Cambridge. Prior to Academia, Sanjiv was with the Xerox Palo Alto Research Centre,
California, USA. He obtained his PhD from the University of Waterloo (Electrical and Computer
Engineering) and his BTech (with Honours) from the Indian Institute of Technology, Kharagpur
(Electrical Engineering, Energy Systems).

Fabrication of flexible nanoelectronic devices and their applications in
broadband photodetector and wearable electronics

Sushmee Badhulika
Associate Professor
Department of Electrical Engineering
Indian Institute of Technology - Hyderabad
sbadh@iith.ac.in

Abstract
Conventional electronic devices fabricated on rigid crystalline semiconductors wafers have evolved
with the motivation to miniaturize thereby realizing faster, smaller and densely integrated devices. A
parallel research that is rapidly evolving for future electronics is to integrate the property of
flexibility and stretchablity of substrates to develop human friendly devices. While most reports on
photodetectors focus on improving the responsivity in one region of electromagnetic spectrum by
fabricating 2D materials hybrids, the main issue which remains unaddressed is the inability to absorb
wide range of electromagnetic spectrum. The first part of the talk focuses on the development of
flexible broadband photodetectors based on 2D nanomaterials and their hybrids. In this context,
MoS2 hybrids with high bandgap n type materials such as ZnS, V2O5 and carbon quantum dot will be
presented wherein a straddling type of bandgap is created for the hybrid. Also, the importance of
discrete distribution of the hybrid material on MoS2 and the placement of metal contacts on MoS2
will be discussed for broadband photodetection. Further, ways to improve the responsivity of flexible
photodetectors will be discussed in terms of strain modulation. Second part of the talk will cover the
other research activities of our lab in the field of flexible and wearable electronics. This would
include fabrication of new type of electronic, skin-like pressure and strain sensor on flexible, biodegradable eraser substrate fabricated by a solvent-free, low-cost and energy efficient process and
eco-friendly paper based electronics that find wide usage in healthcare, electronics and sensing
applications.

Dr. Sushmee Badhulika obtained her Masters and Ph.D degree in Electrical Engineering from
University of California Riverside, USA. Currently she is an Associate Professor at the Department
of Electrical Engineering, Indian Institute of Technology (IIT), Hyderabad, India. Her research
efforts are primarily aimed at developing nanomaterials based flexible and wearable electronics;
Low cost, eco-friendly paper based electronics; and multifunctional nanocomposites for
bioanalytical and energy applications. These research activities are funded by competitive programs
of Department of Science and Technology (DST), Government of India, Scientific and Engineering
Research Board (SERB), Indian Space Research Organization (ISRO), Defense Research and
Development Organization (DRDO) etc. She is the recipient of several prestigious fellowships and
awards including Suzuki Foundation fellowship, INAE Young Engineer Award, IEI Young Engineer
Award and Best project Principal Investigator (PI) Award by Indian Nanoelectronics Users
Program (INUP). She is the Associate Editor of IOP Flexible and Printed Electronics.

Thin Film Buckling Assisted Surface Engineered Elastomer for Realization of
Flexible Sensors
Debashis Maji1 and Soumen Das2
1
Assistant
Professor
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Sensor
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Biomedical
School of Electronics Engineering (SENSE), VIT University, Vellore - 632014, India
2
Professor, School of Medical Science and Technology
Indian Institute of Technology Kharagpur – 721 302, India
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Technology,

Extended Abstract
Conformal integration of tiny sensors and electronic devices over highly convoluted and deformable
curved surfaces requires usage of novel flexible soft polymer based substrates unlike conventional
rigid substrates like silicon, glass or quartz. In this aspect, development of flexible electronics have
progressed significantly in the past few decades for application in areas like artificial skin, artificial
retina, flexible displays and solar cells, wearable body sensors, and implantable/non-implantable
biomedical devices, etc [1-2]. The primary requisite for all such applications is the use of deformable
substrate for conformable fixation of the fabricated sensor/device over the non-planar surfaces. In
this endeavor, two basic methods of fabricating flexible electronics have been developed, wherein,
either the entire polymer block is utilized as the flexible substrate with various nanoparticles/conductive pastes embedded at specific areas within its bulk to define the electronic
sensor/device or use of inorganic/metal thin films to develop electronic sensors/interconnects over
the flexible polymer which in-turn simply acts as a base substrate only. However, poor performance
and large power requirement of the former organic polymer based flexible devices, restricts its usage
promoting development of flexible sensors through deposition of inorganic thin film materials.
Among the various flexible polymer surfaces used for the development of flexible electronics
PolyDiMethylSiloxane (PDMS) has always been one of the most preferred choices for researchers
preferably because of its ability to address device flexibility in all three modalities namely,
stretchability, bendability and twistability in addition to having other inherent advantages like
biocompatibility, optical transparency above 230 nm, high flexibility, chemical and thermal stability
and ease of fabrication 3D devices at low cost [3]. However, high hydrophobicity of PDMS resulting
in a reduced surface energy creates numerous problems in deposition and realization of metal thin

films over PDMS surface. Hence suitable surface modification of the PDMS is highly desirable and
treatment using oxygen plasma is one of the most common techniques adopted worldwide. However,
recently, we have developed a novel and a cost effective wet chemical procedure of PDMS surface
modification through the use of piranha solution (H2O2: H2SO4 in 2:3 ratio) for 15 min followed by a
dip in 1 M KOH solution for another 15 min [4]. Optimization of the above composition of Piranha
solution and its reactivity time resulted in a hydrophilic surface with a minimum static contact angle
of 27°. Metal thin films like aluminium and nichrome deposited over the treated surface showed
good electrical continuity and better surface adhesion compared to deposition over pristine PDMS
surface.
Development of flexible/stretchable electronics, achieved through deposition of thin inorganic metal
films over PDMS elastomeric surface results in the formation of randomly oriented sinusoidal
buckles due to mismatch in Young’s modulus of the hard inorganic thin film which sits over the soft
elastomeric surface. Researchers have always tried to exploit this phenomenon of thin film buckling
over soft elastomeric surface to address flexibility of devices fabricated over them [5]. However,
quite often buckle formation is also associated with the development of cracks and delamination of
the metal thin film when deposited under non-optimized conditions using DC sputtering technique as
shown in figure 1(a). In this context, analysis of cracks under different sputtering conditions like
power, pressure and deposition time were explored and it was observed to be dependent upon the
stress development on the thin film by the soft compliant surface. The above observed phenomenon
was attributed to high excitation temperature of the process gas and associated energetic thermalized
electrons generated during the process. Deposition pressure was one of the key factors observed
which resulted in a crack-free nichrome film of thickness varying from 50 to 350 nm over PDMS
surface at low base pressure of ~ 5×10-6 mbar and a working pressure of 0.009–0.002 mbar [6]. Here,
it might be explained that, with reduced sputtering pressure the number of impinging thermalized
electrons over the surface reduced thereby preserving the substrate compliancy of the soft PDMS
surface with the deposited film and the bi-axial stress distribution is mitigated by the formation of
random sinusoidal buckles as obtained in figure 1(b). On the other hand under non-optimized
conditions, the amount of impinging thermalized electrons increases leading enhanced substrate
stiffness and remains no longer complaint to the deposited film. As a result, during the onset of
sputtering the tensile stress induces cracking of the film as well as PDMS substrate while the

compressive stress after deposition results in film delamination forming hillocks as well as film
cracking.
In this regard, quantitative nanomechanical tools like AFM and nanoindentation were used for
further investigation of various mechanical properties like Young’s modulus, adhesion force and
surface roughness of the different PDMS surfaces subjected to different optimization conditions and
correlate with the above observed morphological changes. Nanoindentation was used to study the
variation of modulus values from surface to bulk of the PDMS and formation of SiO x layer thickness
with increasing deposition time which was observed to grow from ~200-300 nm for 2 minutes of
deposition to ~1000-1500 nm for 15 minutes of sputtering. AFM analysis in ScanAssyst Mode, using
Bruker AFM (MultiMode 8 Scanner), was performed to obtain the Young’s modulus distribution of
various PDMS surfaces and it was observed that pristine PDMS had modulus < 9MPa which
increased to approximately 20 MPa for plasma treated one, followed by uncracked samples
(approximately 30–60 MPa) and cracked samples with a saturation value of approximately 80–90
MPa over planar regions and >130 MPa over cracks. The obtained values of Young’s modulus E,
adhesion force and roughness determines not only its adhesion with the underlying substrate but
even modulates its compliancy with the deposited film. Thus, pristine PDMS, although with a very
low E value may seem to be complaint enough, its low adhesion force of 4.76 nN results in very poor
adhesion of the film over pristine surface. With increasing plasma intensity, adhesion force increases
to about 13.45 nN for plasma treated surfaces which is the best obtained for suitable adhesion of thin
films. Upon surface treatment with further intense plasma, i.e. while treatment using oxygen plasma,
during optimized sputtering conditions, the E value increased slightly (~ 30–60 MPa) due to
formation of thin SiOx layer, with adhesion energy scoring much higher (8–12 nN) thereby,
promoting thin film adhesion over the surface with reduced roughness. Further increase in plasma
intensity, i.e. under unfavorable E values of >80 MPa (beside a crack) and >130 MPa over the
cracked regions coupled with low adhesion values (approximately 4–5 nN) resulted in poor adhesion
and prevented the top surface to comply any further with the deposited film deformation coherently
[7]. The above analysis helped in presenting a complete quantitative overview about the various
surface phenomena taking place during thin film deposition as demonstrated through figure 1(c)
which would help in appropriate substrate/film selection for development of buckling based flexible
devices.

Figure-1.(a) SEM and AFM image of cracks over PDMS surface and (b) crack-free randomly formed buckled surface
under non-optimized and optimized sputtering conditions respectively; corresponding fabricated microheater is shown
in inset images, (c) schematic representation of the complete range of E values for various PDMS morphologies [7].

In-line with the above quantitative analysis and optimized sputtering parameters, compliant process
parameters were chosen to obtain crack-free continuous randomly oriented buckled thin film of
nichrome deposited over PDMS surface. However, successful realization of any flexible devices
utilizing the buckling principle requires two primary prerequisites. The first prerequisite is formation
of buckles with higher buckle wavelength and amplitude to incorporate effective bending around
very small curvatures. This can be done by incorporation of an initial pre-strain to the film prior to
metallization. The second prerequisite demands proper alignment of these buckles perpendicular to
the direction of bending which can be achieved by incorporation of a non-planar ridge topology.
Crack free electrically continuous buckled thin films were thus sputtered over a pre-stretched nonplanar ridge PDMS surface which not only helped to achieve large parallel and uniform buckles but
also helped to eliminate lateral cracks over the sensors during final release of individual sensors due
to Poisson’s ratio induced lateral expansion. General patterning techniques for miniature device
realization over pre-stretched surfaces are ether limited by the use of shadow mask which restricts
the minimum feature size possible or involvement of costly stamping equipments. In the present
case, conventional lithography technique, which allows direct transfer of pattern on the target
substrate, was successfully employed over a pre-stretched surface by mounting them over rigid glass
to make the entire assembly, a stand-alone unit compatible through all the microfabrication process
steps.

Subsequently,

sub-micron

sized

features

(microheaters)

were

realized

through

photolithography over the stretched ridge areas only. Individual pre-stretched sensors were realized
over a sacrificial layer of polyvinyl alcohol and were released through the dissolution of the same in
warm water [8].
Individual flexible sensors released through the above method are mostly associated with a top
covering of a protective sheet of thin PDMS to prevent unnecessary damage to the top fabricated
micro patterns. However, electrical output requires exposure of the contact areas for wire bonding
which in turn would require patterning of the individual contact areas. However PDMS being a nonphotodefinable material poses another problem towards this issue. In order to address this, micro
patterning of hard mask over PDMS surface and selective etching of PDMS over contact areas was
also explored by using N-methyl-2-pyrrolidone and tetra-n-butylammonium fluoride mixture in 3:1
volume ratio. A maximum etch rate of 1.45 μm min−1 was obtained which resulted in a surface
roughness of 360 nm. A new approach of wet chemical etching with pH controlled doped etchant of
silicic acid (SiO2xH2O) into the traditional etchant solution was introduced for lower surface
roughness of etched microstructures, and a constant etch rate during etching [9]. The opened contact
areas were used for obtaining stable electrical connections thereafter.

Figure 2. (a) SEM micrographs with optical images (inset) of micropatterned structures over ridges successfully
wrapped around an angiographic catheter (R ~ 1 mm), (b) needle surface (R ~ 350 μm), (c) an insulin needle (R ~ 140
μm) and (d) edge of a cover slip of 150 μm thickness (R ~ 75 μm) with electrical continuity. Optical image of
fabricated flow sensor over (e) stretched PDMS surface, (f) after release showing formation of buckles and (g)
mounted over catheter surface. (h) Test results showing variation of resistance and temperature of the flow sensor as it
was gradually moved between the normal regions and 50% and 25% stenosis regions [8].

Utilizing these novel strategies, the thin flexible microheaters were successfully fabricated and
demonstrated extreme flexibility along different modalities with lateral crack-free stretchability upto
30% for an initial prestrain of 30%, high twistability of >900 degrees and bendability upto 75 µm
radius, for a 100 µm thin film which was beyond their theoretical limit as shown if figure 2. Finally,
feasibility study of a flexible micro thermal flow sensor was also conducted using nichrome
microheater conformally wrapped around 2.5 mm diameter angiographic catheter and successfully
detected variations in flow abnormalities [8]. Figure 2 (h) shows the variation in resistance and
temperature profile for a flow rate of 1.8 L/min of dry air over the sensors along the flow channel
having a custom built constrictions of 50% and 25% along its length. Potential applications for the
above work involve usage in interventional catheterization process for detection of plaque deposition
both qualitatively as well as quantitatively. As demonstrated through figure 2 (a-d), the flexibility of
the sensors thus produced were further explored by bending of thin straight conducting strips of
nichrome around 280 µm diameter insulin needle as well as around sharp edges of a 150 µm thick
microscopic cover slip, thereby achieving a minimum radius of curvature down to ~75 μm with
stable electrical continuity [8]. The above experiments thus demonstrate extreme flexibility of our
sensors, successfully realized through the above technique having numerous potential applications in
areas of flexible electronics and sensors.
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Soumen Das is currently Associate Professor at School of Medical Science and Technology, IIT
Kharagpur, India. Before joining as a faculty member he was working as scientific officer at IIT
Kharagpur and leading a research group working for development of various sensors and actuators
using microfabrication technology. Over one and half decades, his pioneering research contributes
both in fundamental scientific excellence as well as strategic and commercial applications. He has
initiated and led the development and expansion of interdisciplinary teaching and research
programmes that include biomedical and inertial transducers, MEMS & microfluidic biochips for
clinical diagnostics, polymer and paper based flexible devices, medical electronics. He has taken an
active role in establishing research groups in challenging R&D activities including silicon/quartz
MEMS & microsensors and technology development of IC processing, which resulted in successful
realisation of several semiconductor devices, integrated circuits and sensors for strategic
applications. Among several achievements miniature quartz tuning fork and micro-thruster for
strategic applications are technology breakthroughs in India.
Current activity focuses mainly two classes of devices. The first category encompasses design,
fabrication and engineering of biosensors & microfluidic devices for in-vitro electro-physiological
characterisation of cells leading to fast and affordable diagnostic process. The other category
focuses on development of polymer based flexible biosensors for in-vivo detection of biomedical
signals as well as for robotic applications. His group has been first to report flexible flow and
pressure sensors integrating at catheter tip aiding intravascular catherisation process for precise
and appropriate diagnostics. Paper based multiflex sensing platform are being developed for
detection of biomarkers and heavy metal ions using impedance technique.
His expertise leads to several PhD dissertations with more than 100 research publications in reputed
international journals and conference proceedings. He has been awarded DAAD fellowship under
faculty exchange programme and was also a visiting scientist at universities in Italy and Australia.

Materials used as substrates in flexible technology

S.No.

1

Type

Thermoplastic semicrystalline polymers

2
3
4
5
6
7
8

Shortname

PET
PEN

Thermoplastic noncrystalline polymers
High Tg materials

Metal foil

PC
PES
PAR
PCO
PI
SS

Material

Poly Ethylene
Terephthalate
Poly Ethylene
Naphthalate
Poly Carbonate
Poly Ether Sulphone
Poly ARylates
Poly Cyclic Olefin
Poly Imide
Stainless Steel

Maximum
Operating
Temperature
(oC)
~150
~200
~120
~200
~150
<100
~300
~1400

Common tools & techniques used in flexible technology
Printed electronics

2D materials Synthesis

1. Screen Printing

1. Plasma Enhanced Chemical vapour deposition

2. Inkjet printing

2. Hot wire Chemical vapour deposition

3. Flexo printing

3. Atomic layer deposition

4. Gravure printing

4. Shear mixing/Probe sonication

5. Nano-imprinting

5. Scotch tape method

6. Transfer printing
7. Slot die printing
Organic semiconductors thin film
1. Spin coating
2. Vacuum thermal evaporation

Organic/Polymer used as active materials in flexible technology

Material
type
Conductive

P-type

Short
name

Material

PEDOT:PS
S

poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate
Trans-polyacetylene
Polythiophene
Polypyrrole
Poly(p-phenylene)
Polyaniline
Poly(p-phenylene vinylene)
Poly[2-methoxy-5-(3,7-dimethyloctyloxy)-1,4phenylene-vinylene]
Poly(p-phenylenedifluorovinylene)
Poly(3-hexylthiophene)
(Poly(4,4-dialkyl-cyclopenta[2,1-b:3,4-b’]dithiophene-alt-2,1,3-benzothiadiazole)
Poly[(4,4′-bis(2-ethylhexyl)dithieno[3,2-b:2′,3′-d]silole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7diyl]
[6,6]-phenyl-C-butyric acid methyl ester
Fluorinated pentacene
Poly[(7-oxo-7,10Hbenz[de]imidazo[4,5’:5,6]benzimidazo
[2,1-a]isoquinoline-3,4:10,11-tetrayl)-10-carbonyl]
Poly{[N,N’-bis(2-octyldodecyl)-1,4,5,8naphthalenedicarboximide-2,6-diyl]-alt-5,5’-(2,2’bithiophene)}
Poly{[N,N’-bis(2-decyltetradecyl)naphthalene-1,4,5,8-bis(dicarboximide)-2,6-diyl]alt-5,5’-(2,2’-biselenophene)}
Poly{[N,N’-bis(2-octyldodecyl)-1,4,5,8naphthalenedicarboximide-2,6-diyl]-alt-5,5’-(E)1,2-diethoxy-1,2-di(thiophen-2-yl)ethene}
Poly[(E)-2,7-bis(2-decyltetradecyl)-4-methyl-9-(5(2-(5-methylthiophen-2-yl)vinyl)thiophen-2yl)benzo[lmn][3,8]
phenanthroline-1,3,6,8(2H,7H)-tetraone]
Poly(tetraazabenzodifluoranthene diimide) with the
single thiophene in a repeating unit
Benzodifurandionebased
poly(p-phenylene vinylene)

MDMOPPV
PPDFV
P3HT
PCPDTBT
PDTSBT

N-type

PCBM
BBL

P(NDI2OD
-T2)
PNDIBS

PNDITaV

PNDI-TVT

PBFI-T
BDPPV

Bandgap
(eV)/Cond
uctivity
(S.cm-1)
~10-5

Mobility
(cm2.V1 _1
.s )
-

~103-105
~103
~102-103
~102-103
~102
~104
~2.12

~10-6-10-4

~2.19
1.85
1.40

~10-4-10-2
~10-2

~1.45

~10-6

~2.48
-

~10-3-10-2
~0.22
0.03-0.1

-

0.85

-

0.07-0.24

-

0.5

-

1.8

-

0.3

-

1.1
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Single Molecules as Electric Conductors

Researchers from Graz University of Technology, Humboldt University in Berlin, M.I.T., Montan
University in Leoben and Georgia Institute of Technology report an important advance in the
understanding of electrical conduction through single molecules.
Minimum size, maximum efficiency: The use of molecules as elements in electronic circuits shows great
potential. One of the central challenges up until now has been that most molecules only start to conduct
once a large voltage has been applied. An international research team with participation of the Graz
University of Technology has shown that molecules containing an odd number of electrons are much

more conductive at low bias voltages. These fundamental findings in the highly dynamic research field of
nanotechnology open up a diverse array of possible applications: More efficient microchips and
components with considerably increased storage densities are conceivable.
One electron instead of two: Most stable molecules have a closed shell configuration with an even
number of electrons. Molecules with an odd number of electrons tend to be harder for chemists to
synthesize but they conduct much better at low bias voltages. Although using an odd rather than an even
number of electrons may seem simple, it is a fundamental realization in the field of nanotechnology –
because as a result of this, metal elements in molecular electronic circuits can now be replaced by single
molecules. “This brings us a considerable step closer to the ultimate minitiurization of electronic
components”, explains Egbert Zojer from the Institute for Solid State Physics of the Graz University of
Technology.
Molecules instead of metal
The motivation for this basic research is the vision of circuits that only consist of a few molecules. “If it
is possible to get molecular components to completely assume the functions of a circuit’s various
elements, this would open up a wide array of possible applications, the full potential of which will only
become apparent over time. In our work we show a path to realizing the highly electrically conductive
elements”, Zojer excitedly reports the momentous consequences of the discovery.
Specific new perspectives are opened up in the field of molecular electronics, sensor technology or the
development of bio-compatible interfaces between inorganic and organic materials: The latter refers to
the contact with biological systems such as human cells, for instance, which can be connected to
electronic circuits in a bio-compatible fashion via the conductive molecules.

Graphene offers new functionalities in molecular electronics
June 12, 2017, National Physical Laboratory (UK)
The field of nanoscale molecular electronics aims to exploit individual molecules as the building blocks
for electronic devices, to improve functionality and enable developers to achieve an unprecedented level
of device miniaturization and control. The main obstacle hindering progress in this field is the absence of
stable contacts between the molecules and metals used that can both operate at room temperature and
provide reproducible results.
Graphene possesses not only excellent mechanical stability, but also exceptionally high electronic and
thermal conductive properties, making the emerging 2-D material very attractive for a range of possible
applications in molecular electronics.
Adsorption of specific molecules on graphene-based electronic devices allows device functionality to be
tuned, mainly by modifying its electrical resistance. However, it is difficult to relate overall device
properties to the properties of the individual molecules adsorbed, since averaged quantities cannot
identify possibly large variations across the graphene's surface.

The 7 Categories of Additive Manufacturing
Although media likes to use the term “3D Printing” as a synonym for all Additive Manufacturing
processes, there are actually lots of individual processes which vary in their method of layer

manufacturing. Individual processes will differ depending on the material and machine technology used.
Hence, in 2010, the American Society for Testing and Materials (ASTM) group “ASTM F42 – Additive
Manufacturing”, formulated a set of standards
1. VAT Photopolymerisation
Vat polymerisation uses a vat of liquid photopolymer resin, out of which the model is constructed
layer by layer
2. Material Jetting
Material jetting creates objects in a similar method to a two dimensional ink jet printer. Material is
jetted onto a build platform using either a continuous or Drop on Demand (DOD) approach.
3. Binder Jetting
The binder jetting process uses two materials; a powder based material and a binder. The binder is
usually in liquid form and the build material in powder form. A print head moves horizontally
along the x and y axes of the machine and deposits alternating layers of the build material and the
binding material.
4. Material Extrusion
Fuse deposition modelling (FDM) is a common material extrusion process and is trademarked by
the company Stratasys. Material is drawn through a nozzle, where it is heated and is then
deposited layer by layer. The nozzle can move horizontally and a platform moves up and down
vertically after each new layer is deposited
5. Powder Bed Fusion
The Powder Bed Fusion process includes the following commonly used printing techniques:
Direct metal laser sintering (DMLS), Electron beam melting (EBM), Selective heat sintering
(SHS), Selective laser melting (SLM) and Selective laser sintering (SLS).
6. Sheet Lamination
Sheet lamination processes include ultrasonic additive manufacturing (UAM) and laminated
object manufacturing (LOM). The Ultrasonic Additive Manufacturing process uses sheets or
ribbons of metal, which are bound together using ultrasonic
7. Directed Energy Deposition
Directed Energy Deposition (DED) covers a range of terminology: ‘Laser engineered net shaping,
directed light fabrication, direct metal deposition, 3D laser cladding’ It is a more complex printing
process commonly used to repair or add additional material to existing components
www.lboro.ac.uk

SPONSOR
We offer:
MOLYBDENUM WIRE, RODS, FOILS, SHEETS, PLATES, POWDER, TUBES, FABRICATED AND MACHINED PARTS OUT
OF MOLYBDENUM.
TUNGSTEN WIRE, RODS, FOILS, SHEETS, PLATES, POWDER, TUBES, FABRICATED AND MACHINED PARTS OUT OF
TUNGSTEN.
NIOBIUM WIRE, RODS, FOILS, SHEETS, PLATES, POWDER,TUBES, FABRICATED AND MACHINED PARTS OUT OF
NIOBIUM.
TITANIUM WIRE, RODS, FOILS, SHEETS, PLATES, POWDER,TUBES, FABRICATED AND MACHINED PARTS OUT OF
TITANIUM.
RARE EARTH METALS IN THE FORM OF WIRE, RODS, FOILS, SHEETS, PLATES, POWDER, ETC.
CERAMIC MATERIALS OUT OF HIGH ALUMINA, ZIRCONIA, SILICON CARBIDE, ALUMINUM NITRIDE ,MACHINABLE
CERAMICS,SUPPLIED TO CUSTOMERS DRAWING.METALLISED CERAMICS.
BRAZING ALLOY MATERIAL OUT OF SILVER COPPER, GOLD COPPER, SILVER COPPER PALLADIUM, NICRO BRAZE
ALLOYS. ACTIVE BRAZING ALLOYS.
PRECISIOUS METAL ALLOYS IN ANY FORM, OUT OF GOLD, PLATINUM, PALLADIUM ETC.
NEODYMIUM MAGNETS, SAMARIUM COBALT MAGNETS OF ANT SHAPE AND SIZE, MANUFACTURED AND
SUPPLIED TO ANY GRADE.
WE CATER TO NEEDS TO RESEARCH INSTITUTIONS SUCH AS BARC, NUCLEAR FUEL COMPLEX, INDIRA GANDHI
ATOMIC RESEARCH,INSTITUTE FOR PLASMA RESEARCH, DRDO LABS SUCH AS DMRL, DRDL, RCI, TO NAME A FEW.
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CONTACT: P KANNAN, PROPRIETOR, 9818325166
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