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V.
Appendix D - Terminology

The terminology used for organizations, roles and competencies has been concisely explained in

this section. These are intended as guidelines and may vary in application and practice.

D.1 Organizations

Government Organization: An organization that is funded by the government and formed to fulfil

the policy of the government in a given area.

Large Commercial Organization: An organization which has more than two hundred and fifty

employees, or an annual turnover of more than € 50 million.

Medium Sized Commercial Organization: An organization which has less than two hundred and
fifty employees, an annual turnover of less than € 50 million or balance sheet total of less than or

equal to € 43 million. '

Micro Commercial Organization: An organization which has less than ten employees, an annual

turnover or balance sheet total of less than or equal to € 2million. '

Not for profit. An organization whose primary objective is to support an issue or matter of private

. . . . 3
interest or public concern for non-commercial purposes, without concern for monetary profit.

Small Commercial Organization: An organization which has less than fifty employees, an annual

turnover or balance sheet total of less than or equal to € 10 million. '

Trade Association: An industry trade group, also known as a trade association, is generally a public
relations organization founded and funded by corporations that operate in a specific industry. Its
purpose is generally to promote the industry through public relation activities such as advertising,

education, political donations, lobbying and publishing.”
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D.2 Roles

Business development — Roles within commercial and non-for profit organizations, that require
bringing new business to the organizations. These roles require good understanding of organization

product or service coupled with an astute commercial outlook.

Business support — Roles that require providing business support to the core competencies of the

organization. These roles require good commercial understanding.

Documentation — Roles dealing with special nanotechnology data also requires specific
corresponding data processing skills, such as information management systems in the laboratory
and the use of databanks with nanotechnology related parameters. Both literature and online

research into different nanotechnology aspects are carried out in documentation activities.

Health and Safety — Role that require protecting health and safety of people, by ensuring that risks
in the changing workplace are properly controlled. These roles require a thorough understanding of

the existing legislation, as well as a scientific temper. °

Management — Leadership roles within the organization that are responsible for setting the
direction of the organization, its goals, priorities, performance criteria and team building. These

roles require extremely good communication and people management skills.

Manufacturing and Production — Roles that require application of engineering concepts in the
production of enabling, intermediary of final products within the nanotechnology value chain.
These roles may relate to nanomaterials or nano-analysis equipment manufacture. The
responsibilities include delivering the company's products from the supplier base, through
manufacture, assembly and test, to the customer. Responsibility includes ensuring product quality at
each stage of the process. They are also responsible for working to agreed processes but constantly
seek to improve these, and looking for the most cost-effective method of manufacture, including

supplier management and out-sourcing where appropriate. *°
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Marketing — Roles dealing with communication, explanation and promotion of nanotechnology

products and service. A combination of nanotechnology and customer-related knowledge with

. . . 5
commercial competences are needed in this role.

Metrology — Roles that involve research, development, knowledge transfer and dissemination of
measurements at a nano-scale. These roles require a good understanding of analytical techniques,

and a scientific temper. i

New Product Development — Roles requiring using fundamental knowledge of science with
engineering design principles to create novel products. Developing prototypes and proof of
concepts for new products is the main focus. The role takes identified market/customer needs and
translates into product specification and design. Responsibility includes working to agreed cost
targets and within other business constraints (e.g. use of existing product platforms, etc). The role is
responsible for working against an agreed project plan and milestones to deliver a tested product
which meets specification and customer needs, at the right cost, capable of being manufactured in

2
volume.?’

Nanoscience Research — Roles requiring application of discipline knowledge to uncover novel
results by experimentation and analysis. Analysis is used to understand chemical processes,
physical effects, biological nature and material structure at the nano-scale. Such research is largely
classified into two kinds — blues skies (fundamental research) and applied (industrial application

oriented)

Policy Analysis and Foresight — Roles involving analysis of science and emerging technology
policy. These roles also involve conducting foresight studies that identify the emerging areas of
research where public and private investments ought to be made. These roles require very good

understanding of fundamentals of science from different disciplines and policy issues.
Public relations and communication — Roles that require communication of scientific
breakthroughs to the general public and organizations involved in similar technology areas. Such

roles require excellent communication and people skills along with a scientific temper.
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Quality Assurance — Roles requiring ensuring quality of working practices, clean rooms, research
conducted and products developed are maintained to the highest standards. The responsibilities
include ensuring that business and operating processes are adhered to within the company and its
supplier base, and improves processes in line with the company's goals. Responsibilities include
working with suppliers to ensure that goods are delivered on time and to quality standards. They
also ensure that the appropriate documentation, recording and reporting methods are available to

each employee as needed to perform their job.*

Regulatory support — Roles that involve supporting regulatory bodies in understanding and
communicating the scientific, technology and commercial issues for the formulation and
implementation of regulations and legislation. These roles require interdisciplinary knowledge and

appreciation of regulations.

Risk Management — Roles that involve development of frameworks, risk assessment, risk
appraisals, risk management and communication strategies. These roles require functioning across
industry sectors. Good knowledge and training in risk management is desirable along with

interdisciplinary knowledge of nanotechnology.

Standards — Roles that require assessing existing standards, developing and implementation
standards in the emerging area of nanotechnology. These roles require a good fundamental

understanding of the scientific principles and the standards framework.

Technology Specialist - Roles that require expertise of a product, process or application within the
nanotechnology supply chain. Specialists have a good grounding in single discipline where they
have developed their competencies. They provide key technical knowledge, experience and insight
to the company in support of its products and customers. The specialist is a key resource within
new product development where these particular skills are needed. They act as a knowledge base

within the company and transfer that knowledge to others as appropriate.”
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Toxicology Assessment — Roles that involve conducting research, analysis and communication of

toxicological properties of nano-scale materials. These roles require good knowledge of basic

chemistry, environmental sciences, toxicological training, and human physiology.

Training material development — Roles that require the development of material for training of

apprentices and technicians.

Venture Finance — Roles that deal with investment of funds in early stage start-up companies that
are developing novel technologies with no track record. These roles require a good understanding

of building and starting of high technology enterprises and finance. ’

D.3 Science Subjects

Nanoscale quantum effects — Subject that cover knowledge of behavior of matter when the
distance of separation between two particles is of the order of the wavelength of electrons. '° This

subject covers the knowledge of quantum size effects in semiconductors and structures.

Colloidal Chemistry — Subject that covers the knowledge of colloidal dispersions consisting of a
dispersed and continuous phase. The subject covers the knowledge of synthesis of colloids, their

applications, modelling and relationship with biological matter.

Wet Chemistry — Subject of wet chemistry covers chemistry generally done in the liquid phase. It is

also known as bench chemistry because many of the tests performed are done at a lab bench. '

Inorganic Chemistry — Subject of Inorganic chemistry is the branch of chemistry concerned with
the properties and behaviour of inorganic compounds. This field covers all chemical compounds
except the organic compounds. There is overlap between the two which is covered under the sub-

discipline of organometallic chemistry. '*

Organic Chemistry — Subject of Organic chemistry covers the scientific study of the structure,

properties, composition, reactions, and preparation (by synthesis or by other means) of chemical
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compounds consisting primarily of carbon and hydrogen, which may contain any number of other

elements, including nitrogen, oxygen, halogens as well as phosphorus, silicon and sulphur. *

Molecular Chemistry — Subject of Molecular chemistry covers the laws governing the interaction
between molecules that results in the formation and breakage of chemical bonds. In comparison,

molecular physics deals with the laws governing their structure and properties. *

Nano Bio Interface — Subject covers the knowledge of nanoscale materials and devices interfacing
with biological matter. This covers knowledge of bottom up assembly of biological structure and

their behaviour.

Materials and Metallurgy — Subject of Metallurgy is a domain of materials science that studies the
physical and chemical behaviour of metallic elements, their intermetallic compounds, and their

mixtures, which are called alloys. °

Material Science — Subject of Materials science is an interdisciplinary field involving the properties
of matter and its applications. It covers the relationship between the structure of materials and their
properties. Knowledge of the subject includes elements of applied physics and chemistry, chemical,

mechanical, civil and electrical engineering. 6

D.4 Fabrication Techniques

E-beam Lithography — Electron beam lithography is a technique in which electron beam is directed
over a template that covers an electron beam sensitive resist. The resist is removed and chemically
treated to produce nanostructures. The technique is not suitable for high throughput production due

to its slow speed. '°

Photo Lithography — The technique is used to selectively remove parts of a thin film. It uses light
to transfer a geometric pattern from a photomask to a light-sensitive chemical photoresist. A series
of chemical treatments then engraves the exposure pattern into the material underneath the

photoresist."’
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Stereo Lithography - Stereolithography is an additive fabrication process utilizing photopolymer
resin and a UV laser to build parts a layer at a time. The laser beam traces a part cross-section
pattern on the surface of the liquid resin. Exposure to the UV laser light cures, or, solidifies the
pattern traced on the resin and adheres it to the layer below. Stereolithography is technique used for

rapid manufacturing and rapid prototyping of components with high accuracy and good surface

finish. '®

Soft Lithography — It is a technique used for fabricating structures using elastomeric stamps,
molds, and conformable photomasks. It is called ‘soft’ as it uses elastomeric materials, to produce
nanometer scale features. Soft lithography includes the techniques of Micro Contact Printing,
replica molding, microtransfer molding, micromolding in capillaries and solvent-assisted

micromolding. "’

Embossing — 1t is the technique for producing three dimensional image or designs on a material. It
is done with a combination of heat and pressure. This is achieved by using a metal die (female) and

a counter die (male) that fit together and squeeze the substrate. **

Dry Etching — In the process of dry etching exposure to reactive species takes place in the gas
phase to remove the material from the surface or within the bulk. The advantages of this technique

are continuous flow of gases removes reaction products quickly at a constant etch rate. *'
Wet Etching — The wet etching of microstructures is done by immersion in a reactive chemical
mixture. This technique involves the transportation of reactants to the surface, the chemical reaction

and transportation away from the surface. *'

Reactive Ion Etching (RIE) — In this technique the reactant gas is excited to form a plasma which

contains the reactive species required to perform the etch. !

Photochemical Etching - Photochemical etching is a high-quality alternative for machining flat

metal parts. A broad range of metals can be etched using a wide variety of etchants.
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Chemical Vapour Deposition - It is a chemical process used to produce high-purity, high-
performance solid materials. In a typical CVD process, the wafer (substrate) is exposed to one or

more volatile precursors, which react and/or decompose on the substrate surface to produce the

desired deposit. The process is used for producing thin films used in semiconductor industry. *°

Plasma Enhanced Chemical Vapour Deposition — 1t is a process to deposit thin films from a gas
state to a solid state on a substrate. The chemical reactions involved in the process occur after
creation of plasma of the reacting gases. The plasma is generated by RF (AC) frequency or DC

discharge between two electrodes where in-between place is filled with the reacting gases. *°

Molecular beam Epitaxy (MBE) — Epitaxial growth is a technique used to allow layers of
crystalline silicon to be grown on top of a wafer. MBE uses a stream of silicon atoms from a heated

cell that travel by the line of sight to a heated silicon substrate.?

Evaporation — Thermal evaporation is a method used for producing thin metallic layers. The metal
to be deposited is placed on a metal filament inside a vacuum chamber at very low pressures. A
current is passes through the filament which heats up causing the metal to evaporate. The

evaporating metal condenses on a substrate placed a short distance away from the filament. >

E-beam Evaporation — An electron beam is used to locally melt a metal in a crucible instead of an

electric current. >

Focused Ion beam milling — The technique uses a very narrow beam of metal ions to locally

remove material to create complex, shapes with dimensions as small as 10 nm. *°

Sol Gel - production process involving the conversion of a sol to a gel, which is then desiccated to

produce particles®
Micro — Injection moulding — 1t is a technique of making ultra small injection moulded parts in
granule format. There are a number of applications ranging from automotive, medical,

. . . 31
communication and electronics components.
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Laser Micromachining — In this technique high power laser pulse is focused on the material to be

removed. The material is locally heated and sublimes, allowing a structure to be formed. **

CNC Micromachining - CNC stands for computer numerical control, and refers specifically to a
computer controller that reads instructions and drives the machine tool, a powered mechanical

device typically used to fabricate micro metal components by the selective removal of metal. **

Bonding and joining — Bonding is a process used to join different layers of a wafer using
temperature, voltage and mechanical contact. It is commonly used in the bonding of silicon on
insulator wafers. A direct bonding process consists of three stages — wafer preparation, fusion and

annealing. **

Self Assembly - process that produces nanostructures by spontaneous aggregation into larger stable

structures, driven by minimization of Gibbs free energy”

Layer by layer — LBL technique is the assembly of thin films with desired surface architecture and

functionality by coulomb interaction.?”’

Chemical Mechanical polishing (CMP) - 1t is a technique used to provide means of planarising a
surface by removing the top layer of the material. In this method a rotating platen is pressed against
the surface to be planarised and a slurry injected between the two surfaces. It is widely used in

. . . . 24
Microsystems and microelectronic devices.

D.5 Characterisation and Analysis Subjects

Scanning Electron Microscopy (SEM) — 1t is a technique that produces magnified images of a
specimen by scanning its surface with an electron beam. Instruments may be used to obtain the size,
shape, structure and, in some cases, compositional information from single or collections of

particles.*
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Transmission Electron Microscopy (TEM) — 1t is a technique using electrons that can image

through very thin samples in transmission or, for thicker samples, the outline profile in projection.”

Atomic Force Microscopy (AFM) — 1t is a technique for imaging surfaces by mechanically
scanning their surface contours using a microfabricated probe, in which the deflection of a sharp tip
sensing the surface forces, mounted on a soft cantilever, is monitored as the tip is moved across the

surface”

Scanning Tunnelling Microscopy (STM) — 1t is a technique for revealing the apparent electron-
density-related atomic structure of surfaces, using a needle-like probe near the object under
observation; a tunnelling current, which is measured, is generated by altering the potential at the tip
of the probe. A 3D representation of the sample surface is generated by rastering the surface of the

object and mapping the distance for constant current level at various points *

Optical Microscopy — In this technique light from a point is imaged by a lens is diffracted by the
finite aperture size of the objective. The technique provides the ability to see a microstructure and is

. . . 25
quick and non-invasive.

Fluorescence Microscopy — In this analytical technique, the sample to study is itself the light
source. The technique is used to study specimens, which can be made to fluoresce. The microscopy
technique is based on the phenomenon that certain material emits energy detectable as visible light
when irradiated with the light of a specific wavelength. The sample can either be fluorescing in its

natural form like chlorophyll and some minerals, or treated with fluorescing chemicals. *

Confocal Microscopy — It is an optical imaging technique used to increase micrograph contrast
and/or to reconstruct three-dimensional images by using a spatial pinhole to eliminate out-of-focus
light or flare in specimens that are thicker than the focal plane. It has applications in life sciences

. . . 33
and semiconductor inspection.
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X-ray Photoelectron Spectroscopy (XPS) - method in which an electron spectrometer is used to

measure the energy distribution of Auger and photoelectrons emitted from a surface irradiated by

X-ray photons *

Secondary Ion Mass Spectrometry (SIMS) - method in which a mass spectrometer is used to
measure the mass-to-charge quotient and abundance of secondary ions emitted from a sample as a

result of bombardment by energetic ions.”

X-Ray — Also known as Rontgen rays are a form of electromagnetic radiation with a wavelength in
the range of 10 to 0.01 nanometers. An X-ray microscope uses electromagnetic radiation in the soft
X-ray band to produce images of very small objects. They are primarily used for diagnostic

radiography and crystallography. **

D.6 Engineering Subjects

Design Methodology — Subject that encompasses the fundamental concepts of designing new

products using a range of materials to fulfil a desired user requirement.

Product Development — Subjects that covers the knowledge of developing new products, from
scientific innovation by defining design parameters, manufacturing details and producing a proof of

concept.

New Material Properties and Selection — Subject that covers the knowledge of physical, chemical,
and biological material. Knowledge that defines the selection criteria for a given application based

on the processes, structure and nature of the material property.

Near Nanoscale devices Nanoelectronics — Knowledge that covers single electron solid state

devices and molecular electronic devices.

Near Nanoscale devices Photovoltaics — Knowledge that covers inorganic and organic nanoscale
structure in photovoltaic devices.
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Technical Communication — Knowledge competencies associated with communicating and

explaining the implications of technical breakthrough through written and verbal methods.

Computational modelling and simulation — Knowledge associated with developing computational
models corresponding to the nanoscale research being conducted. This includes knowledge of pre-

processing, post-processing and code writing for the model.

Health and safety — Knowledge of regulation and legislation affecting the health and safety of

people are work.

D.7 Commercial, Management and Societal Subjects

Research and Development Management — Knowledge associated with managing the process of
generating useful information from research conducted in geographically dispersed locations, and

applying it for developing useful products.

Project Management — Knowledge associated with organising and managing resources in such a

way that the project is completed with the defined quality, and within cost constraints. *°

New Product Innovation — Knowledge associated with generation and implementation of ideas

with a view to creating a new product.

Technology Strategy — Knowledge associated with concepts of strategy, and the way organizations

building their competitive advantage on technology.

Technology Marketing — Knowledge associated with application of marketing tools, techniques

and concepts to management of new products developed by high technology organizations.
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Intellectual Property — Knowledge associated with intellectual property right such as patents,

copyrights and trademarks. The subject also covers strategies of protecting these right and

application for maximum value creation.

Risk Assessment and management — Knowledge associated with risk appraisals, risk assessments,

risk containment and management of emerging technologies and their impact on society.

Environment and Sustainability — Knowledge associated with preserving biodiversity, providing

clean water and energy. The knowledge also covers sustainable practices for the environment.

Ethics — Knowledge of ethical conduct in relation to generation, application and dissemination of

information related to scientific breakthroughs and novel innovations.

Entrepreneurship — Knowledge associated with creating, developing and sustaining high

technology organizations.

Public Communication — Knowledge associated with communicating and engaging with general

public on matters of science and innovation.

Technology Policy — Knowledge associated with analysis and formulation of policy in the

emerging technology area.

Finance (Basic, Corporate and Venture) — Knowledge associated understanding of fundamental

concepts of finance and accounting, and their relevance to technology companies.

Legislation — Knowledge associated with the existing regulation and legislation in relation to

emerging technology, and their limitations.

D.8 Soft skills
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Team Working — Skill associated with collaborating with other people in a team to achieve an

objective.

Lateral thinking — Skill associated with changing perceptions and concepts. It is a deliberate and

formal process with tools. *’

Verbal Communication — Skill associated with clear verbal communication of thoughts and actions

to an individual or group of people.

People friendliness — Friendly behaviour with people at work and outside work.
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