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1 INTRODUCTION
Micro and nano technologies will have a profound impact on future developments in

practically all sectors of industrial activity, with their influence spanning from

consumer products to more sophisticated applications.

Making use of a broad variety of materials, components and basic technologies, they
provide functionality and intelligence to highly miniaturised systems, which can
perform unprecedented tasks or add new capabilities and performances to traditional
equipment, machines, and materials. Figure 1 displays an indication of the relevant
sizes of known objects in order to visualize and understand the concept of micro and

nano-devices or objects.

Figure 1: Measurement Scales *

Industry, universities and research organisations are increasing their efforts in these
fields, in all advanced industrial countries. While the markets for micro and nano
systems are already of significant dimensions, there is predicted to be further growth
reaching hundreds of billions of dollars in the foreseeable future. The most important
fields of applications for micro and nano technologies are Automotive,

Health/Biotech, Information Technology and Communication and Instrumentation.

1 Mark Bachmann, EECSI179 Fall 2006
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2 DEFINITION AND SCOPE

The scope of the strategy will cover the micro-manufacture of products with the
following features:

about 10 m to about 10 mm in size

contain very complex 3-D (free-form) surfaces

employ a wide range of engineering materials

possess extremely high relative accuracies in the 10 to 10®° range

Non-silicone based applications(semiconductors)

Figure 2: Relation to existing technologies 2

Figure 2 illustrates the relation of micro-manufacturing to other technologies on the

various object scales and relative accuracies.

The definition of micro-manufacturing is the fabrication Microsystems such as:

micro reactors

microfluidic devices

micro scaled machines
whose outer dimensions are measured in millimeters or centimeters, and whose
inner surfaces are configured with pores or channels that have dimensions measured

in micrometers.

Because of their inherently high surface-area-to-volume ratios, such tiny mechanical

components demonstrate order-of-magnitude improvements in heat- and mass-

2WTEC Report on Micro-Manufacturing 2005
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transfer rates, allowing highly efficient, compact and cost-effective devices to be
created to carry out chemical and thermal reactions more safely, and with greater
selectivity and conversion rates, higher yields, and improved product quality.

Figure 3: Relational Scale *

Figure 3 are a relational scale with various objects in order to compare the type of
technology development required as well as to give body to the definition of micro-

manufacturing.

3 GLOBAL TRENDS

The WTEC report? on micro manufacturing gives a very good overview of the current
trends in micro manufacturing, and will be used extensively in this report, together
with reports on micro manufacturing emanating from Europe and Asia.

In addition to the reports, Europe has been actively funding projects focussing on
micro manufacturing and micro systems. There is an emerging global trend towards
the miniaturisation of manufacturing equipment and systems, and the miniaturisation

of the resulting products and product components.
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The importance of micro manufacturing are summarised below:

Importance of Micro-Manufacturing

World perspective *

South African Context

It is an enabling technology for the widespread
exploitation of nanoscience developments. It
bridges the gap between the nano- and macro

worlds

It is important for South Africa to integrate nano
and micro-manufacturing technologies.
Commercialisation of nanotechnology will be done
through micro technologies. It is important that

both technologies developed in parallel

It is a disruptive technology that will completely
change our thinking as to how, when, and where
products will be manufactured(e.g., on-site, on-
demand in the hospital operating room or on-

board a warship

South Africa has a geographic disadvantage
towards it markets. Micro-manufacturing could

change the paradigm of product being

manufactured at a specific location. Product can
now be manufactured on their way to the markets

on a ship

It is a transforming technology that will redistribute
manufacturing capability from the hands of a few

to the hands of many

Micro-manufacturing have the power to transform
typical centralised manufacturing to a distributed
model where everybody is a distributor. This will
revolutionise the manufacturing paradigm and

distribute wealth.

It is a strategic technology that will enhance the
competitive advantage of a country.
- reduced capital investment,
- reduced space and energy costs,
increased portability,
- increased productivity.

Due to the weakness of the rand South Africa can
benefit through the reduced capital investment
The
portability of the products could benefit the

required. And reduced energy costs.

geographic disadvantage South Africa is currently

n.

Table 1: Importance of Micro-Manufacturing

3.1 Technology Trends

The drivers for R+D in Micro-Manufacturing are driven by the following factors:

Scientific

0 Impact of scaling laws on manufacturing processes/equipment

0 State-of-the-science; gaps, deficiencies and needs in fundamental

process knowledge

0 Understanding of multi-disciplinary science-based requirements

Technological

o Driving forces for miniaturization needs
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0 State-of-the-art; gaps, deficiencies and needs for miniaturization of
manufacturing
0 Bridging between scales; nano to micro to macro
0 Results from proof-of-concept test beds
Commercialization
0 Understanding principal current and future applications

0 Economics of micro scale manufacturing
0 Societal benefits and broad-based impact of miniaturization
0 Possibility of creating a disruptive manufacturing technology
0 Results from proof-of-concept test beds
+ Design - Addiive T oA,
— Process Design _ SLA Manufacturing. It links
o O - s the physical processes
— Machine Design M . that create the desired
+ Micro to Macro continuum () — 3D printing Obé}eg{férﬁesgs)fsstg%s
modeling ® ~ Laser Cladding alrso%ensesegssatgdl"r]nkaterials
e String Theory zZ *  Subtractive tpo their external
« CAM/CAD Millin environment creating
* Post processing — FEM : DriIIin% g@itg(:sgtgrthe
— Sense
- — Grinding _ Thini
* Smart Materials — Masking, etching _ Act
* Powder Metallurgy Z _ EDM — Communicate
. . ; — Power/Sustain
Pgllynr:efrrss Electro active j_>| + Formative Micro Factories
polymers m — Micro injection MEMS
» Composites by molding Micro Fluidics
j_> — Extrusion
6 pressing
PROCESSES SYSTEMS

Figure 4: Technology Focus Areas

In terms of technology, the following areas of importance, trends and observations

can be observed in the world wide micro manufacturing drive:
- Design and modelling

0 Lithography based design is well established, having received

considerable financial and research inputs for many years due to the
large silicon based manufacturing base. This focuses almost entirely
on MEMS manufacturing for the semiconductor industry, and is a
planar (2D) process.

0 Many conventional macro and meso scale design processes are being
utilised

o0 Design tools specifically aimed at the micro and nano scales are not

available
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0 Design understanding on the micro and nano scales is in its infancy
and generally not available

o Design for the integration of the macro and micro scales is not well
understood

o Different physical phenomena dominate at different scales and needs
to be considered when designing

o0 Current design practices often require experimentation in order to test
concepts

0 Tools are required for multiphysics modelling and geometric
modelling. Some commercial packages exist (eg COMSOL, Coventor)
to cover certain aspects of the modelling.

- Standards

0 includes characterisation and evaluation of parts, process monitoring
and control and metrology

0 covers geometry, material properties, optical properties,
electromagnetic properties etc

0 measurements tools are typically from macro world and provide 2D
data

0 required not only for quality assurance issues, but also to provide
feedback to enable process improvement

o dimensional metrology: SEM, TEM, AFM, interferometer, confocal
microscopes etc

0 Sensors: machine and part sensors

0 Controls: system and process controllers

- Materials

0 Must have correct properties and be manufacturable

0 Understanding of the chemical and physical properties of the materials

o0 New materials: are not being developed as materials companies see
no profit motive

0 Materials need to be inclusion free and have small grain structures

o Dimensional stability and accuracy

o Drive away from silicon based materials (which are well understood) to

newer materials for micro manufacturing (eg metals, ceramics, nano

materials etc)
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- Processes
0 Additive
Micro stereo lithography
2 photon polymerisation
Micro sintering
Masking technologies
0 Subtractive
Laser ablation
Focused ion beam
Micro milling
Micro EDM
Micro turning
Micro chemical milling
Etching
Micro machining (instead of micro milling & turning)
Micro joining and cutting
Embossing

Micro forming (and other near net shape processes)

O O O o

Issues concerned with the development and implementation of these

processes still needs to be addressed

- Assembly and integration

0 Issues with regard assembly and integration of micro-manufactured
parts need to be addressed in order for the processes to be
commercially viable. Presently this problem is not solved.

0 Specifically, gravity and momentum are no longer dominant, but non-
covalent or intermolecular forces such as van der Waals, induction
and electrostatic forces become dominant

0 This creates specific problems when picking or releasing micro parts

or products

It should be noted that the above list of technology issues and research areas is a
short list, believed to cover the most important issues. Within each of these
groupings numerous fields for research can be found, and each group represents its
only unique list of issues which have yet to be answered. The list is intended to give
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the reader an idea of the current research issues and technologies involved with

micro manufacture.

3.2 Large R+D Projects in Micro-Manufacturing

European funded projects, either within the country itself or as part of a larger
framework such as FP6/7, also give a good idea of the critical research issues which
are being addressed. There are numerous such initiatives looking at micro and nano
manufacturing. A brief list of these initiatives is given below, together with an
introduction on the main aims of the initiative. Website addresses are given so that

the reader can look at each in more detail:

4M (http://www.4m-net.org/): The main aim of 4M is to develop Micro- and Nano-

Technology (MNT) for the batch-manufacture of micro-components and devices in a
variety of materials into user-friendly production equipment, processes and
manufacturing platforms for incorporation into the factory of the future. To achieve
this, the Network seeks to integrate currently fragmented R&D capacity in non-silicon

micro technologies in the ERA into a European Centre of Excellence.

I*PROM (http://www.iproms.org/): The Network of Excellence for Innovative
Production Machines and Systems (I*PROMS) is funded under the EU Sixth

Framework Programme over a period of five years. It aims to address many of the
challenges facing the manufacturing sector in the 21st century. It will focus research
on intelligent and adaptive production machines and systems to realise its vision of
the knowledge-based ‘Autonomous Factory’ for delivering increased competitiveness
for manufacturing in 2020. Ultimately, this will help I*PROMS establish itself as the
European Union's authoritative research body for the area of Production Machines

and Systems.

Launch Micro (http://www.launch-micro.org/ ): The main aim of LAUNCH-MICRO is

knowledge transfer to the European machine tool SME, tool and component

manufacturers, in order to gain a high degree of competitiveness when micro
manufacturing at mass scale becomes a reality. The application sectors are
widespread, although it is principally directed towards the micro moulding tool

fabrication.
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MicroBridge (UK) (http://www.microbridge.cf.ac.uk/node/6 ): MicroBridge is an open

access facility for micro and nano engineering and micro fabrication of parts and
components using non-silicon materials. Funded by the DTI, Welsh Assembly
Government and industry, the aim is to promote the new technologies for the
enhancement of micro and nano manufacturing capabilities across the UK, Europe

and the wider world.

uTooling (UK) (http://www.cuimrc.cf.ac.uk/uTooling Main ): This project addresses

the need to research technologies appropriate for micro manufacturing in materials
other than silicon (Si) and the transition to large-scale production of micro systems. It
aims to broaden the range of micro systems based products which can be offered
and at the same time to multiply their capabilities. The requirements of a market
driven micro-manufacturing industry will be examined we believe will require the
introduction of new materials and processes and their integration with Integrated
Circuit (IC) based, batch fabrication processes

3D Mintegration (UK) (http://www.3d-mintegration.com/ ): This multi-

disciplinary programme sets out to create a paradigm shift in manufacturing
by developing the technologies and strategic approaches required for the
production of highly-integrated, cost-effective and reliable multi-functional
3D miniaturised/integrated devices. Effort is being applied not only to
individual manufacturing processes, but also to the end-to-end design,

assembly, packaging and testing of complete systems.

CHARPAN (http://www.charpan.com/ ): CHARPAN is driven by industrial needs for
new efficient production technologies for the fabrication of complex 2D and 3D

surface structures necessary in numerous nanotechnology devices such as
templates for nanoimprint applications.

RIMANA (http://www.rimana.org/project_description.htm ). The specific targeted
research project RIMANA (Radical Innovation Maskless Nanolithography) aims to
research and develop a key maskless nanolithography technology for low to medium
volume production, essential for the semiconductor industry and emerging

nanotechnology industry.
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Delila (http://www.mec.cf.ac.uk/research/pubs/DELILA.htm| ): The main aim of

DELILA is the development and application of multiple beam interference lithography
technology for nanoscale 2D and 3D structuring of materials in nano photonics,

electronics and fabrication.

Microsapient (http://www.microsapient.org/ ) : The aim of the uSAPIENT CA is to

prepare the European industry for a move from designing MST-based products for
specific materials and technologies (platform and technology push products) to
adopting new disruptive processes/process chains to satisfy specific functional and

technical requirements of new emerging multi-material products.

Manufuture (http://www.manufuture.org/): To develop a "research and innovation”

strategy based on a long term vision for a field where there are many technological
and economic variables and in consequence to assist the transformation of the
European manufacturing industry towards a knowledge-based economy and the
achievement of a world leadership in manufacturing.

To identify aspects of technological research and innovation with high

potential for breakthroughs that could be only achieved at a European level.

To co-ordinate EU and national, regional and local R&D Programmes to reach
a critical mass, to avoid overlaps and to develop a long term strategy where
RTD activities will be a core element, but also where education and training

will be priorities.

Minam http://www.micronanomanufacturing.eu/index.php): Micro- and

NanoManufacturing is getting more and more important for innovative applications
and has a strategic importance for Europe. A new Micro- and NanoManufacturing
community is emerging at European level involving collaboration of manufacturers of
micro- and/or nano-inside-products, equipment suppliers, research organisations and
networks. The industrial stakeholders showed clearly the necessity of a European
plattorm at the meeting on 14th September 2006. Decision was to establish and
structure a platform with two organisational groups: an Industrial Management Group
(IMG) and an Operational Support Group (OSG). The proposed name is MINAM
(Micro- and NanoManufacturing) . MINAM will be closely associated with the existing

platform Manufuture.
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Nexus (http://www.nexus-mems.com/ ): NEXUS is a non profit Association

headquartered in Neuchatel, Switzerland with the aims of providing

microsystems professionals with:

access to strategic guidance through reports containing the most up-to-date

analysis of markets, technologies, applications, and long-term trends.

information through the web portal, regular e-mail bulletins, MST News

pages, thematic workshops, and also conferences.

high-level networking opportunities through the regular user/supplier club

meetings, and other specialist events.

UK MNT Network (http://www.mntnetwork.com/ ): Micro and Nanotechnology

Manufacturing Initiative.

IPMMAN (http://www.ipmman.eu/ ) : IPMMAN is a Coordinated Action supported by

the European Commission, having as ultimative goal to support, with the
collaboration of other projects, the establishment of a Eurpean Technology Platform

on Micro- and Nanomanufacturing and a Strategic Research Agenda.

It should also be noted that many countries in the EU, Asia and the USA have micro
and nano technology policies issued at government level. Some have separated the
2 fields (eg USA), while others (eg UK) have a combined micro and nano policy.

3.3 Integration of the Nano and Micro Worlds 3

The list of the key technologies for the development and manufacturing of micro and

nano systems is summarised in table 2 below.

It should be pointed out that while micro technologies have given way to numerous
products, which are already on the market or are about to emerge, nano technologies
are still essentially at the basic and exploratory research stage. Real commercial
products and devices are at the prototype level rather

than true mass production.

3 Minatech Report: World views on Micro and Nanotedlogies, 2001
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Table 2: Technologies

These technologies usually require a multidisciplinary approach and, especially in the
case of nano technologies, the use of rather expensive equipment. Many players
active worldwide make ample use of synergy provided by combining their

competence with locally available know how.

Basic research as well as product development and marketing are often done in co-
operation. In general, R&D infrastructures and governmental support are key factors
for promoting technological and industrial competitiveness. In the case of micro and
nano technologies this is even truer when considering the deeply rooted risk in these
sectors and the need for basic research.

Other projects in Europe is also highlighting the importance of integration between
micro and nano research and funding. Figure 5 was taken from the IPMMAN project,

which focus on the integration.
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Figure 5: Diagram taken from the IPMMAN roadmap, sh  owing the possible integration
and common areas between the macro, micro and nano worlds

3.4 Country Investment and Strategies 2

R+D appears more organized at the national government levels in Asia and
Europe than the US, in terms of both direction and government financial
assistance for the long-term, resulting in more sustained efforts to refine and

fine-tune new developments.

Both Japan and Korea support large, multi-year country-wide programs in
micro-manufacturing and micro factories, although in Korea this has been a
very recent phenomenon. In Japan, the 10-Year Micro machine Program
(1991-2001) constituted a major government investment that jump-started a
number of initiatives with industry that continue today. Major successes
include micro-manufacturing and assembly systems at Olympus, Seiko,
Hitachi, Fanuc, and Mitsubishi. In Korea, the Korean Institute of Machinery
and Metals (KIMM) was awarded a major government contract for micro

factory development.
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Table 3: Country investment comparison

In Japan, both the National Institute for Advanced Industrial Science and
Technology and RIKEN (The Institute of Physical and Chemical Research)
have missions heavily oriented toward R&D for industrial application and both
had major efforts directed toward micro-manufacturing with very impressive
results. In both labs, the R&D programs are producing very sophisticated,

complex, and highly innovative processing methods.

In Taiwan, there is some institutional government investment, but it is mostly
through large corporations with strong product focus, typical of Japan’s
“branding” strategy. The Industrial Technology Research Institute (ITRI) is the
major government-supported laboratory conducting research in support of
Taiwan’s high-technology industries with a large segment being devoted to
micro-manufacturing research and development. Another government facility,
the Metal Industries Research Institute (MIRI), is initiating a program in

micro/mesoscale manufacturing methods (M4).

In Europe, there has been much government investment in institutions, at
both Federal and State levels. The emphasis seems to be on creating an
enabling infrastructure to support the conversion of research results into
technologies to the point that they are attractive to companies for application
and commercialization. The major success story seems to be the Fraunhofer

Institutes in Germany that are



Ref: AMTS Micro-Manufacturing Strategy v1.5 Page 17 of 32
30 May 2007

spread throughout the country. Each is focused on a particular technology, is
co-located with major universities engaging students as staff members, and

works closely with companies.

In Germany, the “Fraunhofer System” is a major driver of micro-
manufacturing research, technology development, and commercialization.
With strong ties to the university system and industry, the “Fraunhofers” unite
the three partners and the results are impressive. Efforts tend to be long-term,
sustained, and lead to commercialization. State-based institutes are also

common in Germany; again usually co-located with a local university.

The table 4 below indicates that while the US gets high marks for nanotechnology
R&D, emphasis in the US on micro-manufacturing R&D is lagging far behind the rest

of the world.

Table 4: Country performance comparison

This could undoubtedly have serious long-term implications, since it is well-
recognized that micro-manufacturing will be a critical enabling technology in bridging
the gap between nanoscience and technology developments and their realization in

useful products and processes.

3.5 Markets
Figure 6 displays some of the key markets for micro-manufacturing in the world

today. The estimated current total market size for micro-manufacturing technologies

are in the order of between $20m-$40m billion according to the latest NEXUS report.
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Figure 6: Key Micro-Manufacturing Markets

Typical current market applications are captured in table 5 below.

Market pical Applicati

Automotive . Lubricants

Sensors

Gyroscopes and accelerometers
Engine Management

Security

Aerospace . Smart Materials
Adaptronics
Sensors

Health monitoring systems

Textiles and clothes . Garment health monitoring

Micro Coatings

Energy . Micro fuel cell

Micro combustion engines
Solar cells

Advanced batteries

Wind energy

Electronics . Displays

Printer heads
Auto ID systems
RF modules
Optical switches
Micro mirrors

Life Sciences . Implantable systems
Microfluidics
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Lab-on-chip
Hearing aids
Diagnostic systems
Smart pills

Drug delivery

Process Technology . Sensors(pressure, temperature)
Food quality sensors
Micro factories

micro robots

Table 5: Typical Market Applications

NEXUS Market analysis show further that IT and electronics are the biggest
contributors to market size, with the “life sciences” highlighted as the biggest
potential market in the next three years. The growth rate for Micro products is in the

order of 20% per annum.

Figure 7: NEXUS Market Analysis

3.6 Key Considerations

However one chooses to look at these technologies, a humber of clear messages
can be seen. An attempt to summarise these issues is given below:
Considerable funding and research effort are being put into micro and
nano technologies
The key technology challenges identified by the various policies, reports,
and funding networks are the same
Numerous technology challenges exist and the road to solving these

challenges has only started.
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The bridge between the macro and nano worlds can only be successfully
accomplished by understanding of the micro world.
Manufacturing competitiveness, and thus the competitiveness of the country, will
increasingly rely on the ability to harness and apply micro and nano technologies as
these technologies are widely acknowledged as being the driver for the next
generation of products

4 CURRENT STATUS IN SOUTH AFRICA

4.1 Technology
It is fair to say that no focussed micro-manufacturing research is being conducted in

South Africa. Industrially there are small pockets of expertise and involvement in
some areas (eg Detek MEMS), although this is extremely specialised and generally

not open to research and development.

There are a number of government strategies and initiatives which look at advanced
technologies. As examples, there are the National Biotechnology Strategy and the
Nanotechnology Strategy. Both of these technology areas can utilise micro
manufacturing expertise. Numerous examples can be given (protein synthesis, drug
delivery, chemical manufacture, blood sampling and analysis). Most of these
technologies hold manufacturing as their key if they are to turn technological
innovations into commercial products. There is also a considerable amount of work
being done at universities and in industry in these areas.

In addition, the governments Integrated Manufacturing Strategy and R+D Strategy
both stress the importance of manufacturing for the South African economy. The
AMTS (Advanced Manufacturing Technology Strategy) has as its mandate to look at
advanced manufacturing, and one of the areas identified is the area of micro-
manufacturing.

As a result of the AMTS, some Universities and research organisation are starting to
realise the importance of micro-manufacturing as an emerging technology area.
However funds are very scarce and the anticipated impact will be incremental. . As
such, an audit of current research strengths at these universities could reveal areas
of expertise in meso manufacturing that may link to micro manufacturing research,
and which, through further investment in infrastructure, could be expanded to



Ref: AMTS Micro-Manufacturing Strategy v1.5 Page 21 of 32
30 May 2007

accommodate micro manufacturing (e.g. sintering of plastics, metals and ceramics;

micro machining, etc)

However due to the significant importance of micro-manufacturing it is necessary to

have a country approach and strategy in place in order to maximise the output.

4.2 Industry
South Africa has no well defined micro-manufacturing industry. Pockets of the

capabilities and skills do exist in some electronics and medical/pharmaceutical

companies.

4.3 Skills Development
Currently in South Africa there is no under or post graduate course that specialises in

micro-manufacturing. Students have to travel abroad in order to get micro-
manufacturing qualifications. Currently no PhD or MSc qualifications exist in South

Africa.

5 THE GAP
The above sections paint a dismal picture for South Africa, but care should be taken

when analysing the situation. It is the opinion of panel members that it is not too late

to become a leader in micro-manufacturing.

Micro-Manufacturing Adoption Curve
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Figure 8: Micro-Manufacturing Adoption Curve

Figure 8 indicates an adoption curve for micro-manufacturing based on the
current site visits and review of various literature and technology roadmaps. It
shows the leaders of the world is currently the early adopters of the technology
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and are doing research and patent technologies that could open up a chasm

between themselves and the rest of the world.

South Africa is still randomly innovating on the edges of the technology with no
focussed approach. This allows South Africa to stay focussed on specific
applications without large investments in the basic science discovery. South
Africa is now able to enter as an early adopter and focus on specific focus areas
and platforms, without having to investigate the whole technology landscape.
Application development will be focused on the competitive advantages that
have been developed over years and are in line with existing strategies and

polices.

Mainstream

Technology

y; Development

Applied
Research
Basic Obsolescence
Research

Consolidation

Figure 9: Innovation curve for nano and micro

Figure 9 illustrates the relationship between the Nano and the Micro World in terms
of innovation. Currently the core of nanotechnology is focussed on basic and applied
research with some commercialisation that is starting to happen. There are very few

start-ups due to the barriers of entry into the market.

In the case of micro technology, the majority of players are busy with applied
research and technology development. There are a lot of small start-up companies

that are spin-out from universities and research organisations.

Research has started in the mass production of customised products, using

reconfigurable manufacturing systems.
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5.1 SWOT Analysis

STRENGTHS

%)
=
E
z
)
|_
x
@)
a
o
@)

Existing nanotechnology strategy
(comprehensive, approved by
government, well funded)

Strong support for the tooling industry,
making a shift to micro tooling/micro
injection moulding etc a real possibility
Strong economic outlook for South
Africa

Support for new R+D areas.

Some awareness of the potential of MM
is emerging in Academia and industry
Some cooperation and goodwill already
exists between international and national
laboratories which could be leveraged
Existing focus areas and niche areas
supported by the NRF that can link to
MM

Existing BioTech strategy and strong
development of BioTech, Chemical,
Processing and Agri-processing
industries

Strong govt drive towards advanced
manufacturing

No semiconductor industry

Lack of equipment and technology
Cost of developing the correct
infrastructure

Will need to develop critical mass in
specific areas of micro-manufacturing
(design and modelling, manufacturing,
metrology etc)

Lack of education.

Currently no students are available as
universities are not yet presenting
micro-manufacturing courses.

Few skilled personnel

Few laboratories and little research
Funding opportunities

Few Training opportunities

Little/no mentioning of MM in any govt
documents

Poor performance in Incubator
programmes

Existing Nanotechnology strategy
Multidisciplinary nature of micro
manufacturing: will lead to numerous
cross discipline initiatives (nano, bio,
energy initiatives etc), and collaboration.
Increase in country’s manufacturing
ability

Creation of centres of excellence, chairs
in micro-manufacturing

A number of very clear applications for
the South African market can be
identified (eg drug development and
delivery, Microfluidics for the
biosciences, micro energy devices etc)
Itis a new and exciting area in which to
work, which will make it extremely
attractive to students looking to do post-
graduate work.

Early enough in life-cycle to ensure RSA
economy can benefit from the growth
and maturity stage

RSA not heavily invested in traditional
manufacturing (since we are far from
markets)

Local manufacturing will become
cheaper using MM and since we are far
from global suppliers we have an
additional economic advantage if we
manufacture locally

Energy cost will make MM more
attractive

Latching on to existing Technology
platforms

Process Engineering applications
Revive incubator initiative with MM
startups

FP& and other bi-lateral agreements
(e.g. British Council, NRF-Royal Society,
SA/JAPAN, etc)

Late adopter — learn from other’s
mistakes

Window of opportunity is closing for
technology

High costs of capital equipment
South African market potential is not
clearly known

Other countries (USA, Europe, Asia)
have been actively involved in the field
for a number of years and have a
head start

Unless we have strong ties to
international research we will fall
behind

Existing back-log is increasing
because of slow start-up in SA
Business investment in R&D
Financial sustainability of university
and science council labs

Table 6: Micro-Manufacturing SWOT Analysis

WEAKNESSES
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5.2 Gap Analysis

The following key gaps have been identified that needs to be addressed by the

strategy in order for South Africa to become a world leader in this technology.

Gap
Human Capital
Development(HCD)

Current Status
No HCD program

Ideal Status
HCD programme for micro-manufacturing that
involves:
Studentships for postgrads
Curriculum development
Further education programmes

Technology focus areas

Very broad and vague focus
areas

Identification of key players and key technology
platforms for micro-manufacturing

Awareness

Limited Awareness by
individuals

Awareness by academia, R+D organisations and
industry

Industry involvement

No industry involvement or
micro-manufacturing industry

Development of new industry and active participation
between industry and R+D organisations

Funding

Limited funding, no dedicated
national programme

Dedicated funding to make a significant impact

Research and Capital
equipment

Limited equipment due to high
cost and lack of funding

Availability of funding for capital equipment and
sharing of expensive resources.

Networks

Non functional national and
international networks

Functional local and international networks

Standards + Metrology

No standards and metrology
capability

Active participation of the National Metrology
Laboratory and SABS in project.

Incubation and
Commercialisation

No technology or companies
to incubate

The incubation and spin-out of small high tech
companies.

5.3 Potential risk of not investing in micro-manufa

cturing

In a world where technology is getting smaller and smaller there is internationally

general consensus that micro-manufacturing is critical for the development of the

next generation manufacturing technologies. In most countries there micro-

manufacturing is very closely linked with there nanotechnology strategies, due to the

important role that micro-manufacturing plays in the commercialisation of

nanotechnologies.

Some of the potential risks are the following:

Potential increase of “brain drain” to lack of local research and industrial

opportunities

Decline in the competitiveness of the manufacturing industry

Dependency and Importing of key micro-manufacturing technologies from

overseas in order to make macro systems work

Widened innovation chasm in this key technology

Limited commercialisation capability of nanotechnologies

Negatively influence investor confidence by not investing in high-tech

technologies.
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6 PROPOSED STRATEGY

Figure 10: Proposed Strategy Diagram
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The micro-manufacturing strategy will focus on specific interventions in the following
areas:
Human Capital Development (HCD)

Awareness
Technology Platforms
Industry Development
Networks

Funding

Linkages with other strategies

6.1 HCD Development

The HCD Development consists of the following specific interventions:
Studentships and bursaries
National Chairs for Micro-Manufacturing

Industry related skills development

6.1.1 Studentships and bursaries

Making available bursaries to MSc and PhD students

To accelerate training and learning a sufficient budget is required to draw
good students. Current bursaries for MSc students are between R50 000 and
R80 000 per student per year. Laboratory costs and project costs must still be
added to this so that a total of R100 000 per student could be seen as a
minimum.

Support of international student exchange programmes.

Existing Post-Doc schemes can be utilised to attract short-term expertise
Exposure to leading research centres and facilities abroad through

participating in fellowships programmes.

6.1.2 National Chairs for Micro-Manufacturing

The South African Research Chairs Initiative of the NRF will create 55 Research
Chairs towards the ultimate goal of 210 Chairs by 2010.

The Initiative is a strategically focused knowledge and human resource intervention
that has five interrelated objectives:

To increase the number of world class researchers in South Africa,

To retain and/or attract back qualified research scientists to the Higher

Education sector and thereby:
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To help reverse the systemic decline in research outputs, focus and capacity
at publicly funded higher education institutions (HEIs), Science Councils and
other research institutions,

To strengthen and improve the capacity of HEIs, Science Councils, Musea
and other research institutions (e.g., University linked Teaching Hospitals) to
generate and apply new knowledge,

To stimulate strategic research across the knowledge spectrum and thereby
increase the level of excellence in research areas of national and international
importance,

To create research career pathways for highly skilled, high quality young and
mid-career researchers that effectively addresses historical racial, gender and
age imbalances,

To improve and accelerate the training of highly qualified personnel through

research.

Micro-manufacturing is a very broad research area and therefore there is a
requirement for 4-5 chairs in South Africa. Each chair will focus on a unique aspect
or research area in micro-manufacturing. The following benefits will be derived from
this initiative:
Allow researchers more time for research and skills building, by having a less
burdensome method of obtaining research funds
Establish a national research infrastructure for micro-manufacturing through
establishing National Chairs
Support of international collaborative research projects with the leading
overseas universities
Chairs-scheme offers way more financial support than current research
funding schemes
Potential to attract international experts to SA
Leading edge teaching programme must be developed through collaboration
with international experts. This could be kick-started by Expert workshops to
get local academics and researchers up to speed . Chairs at various

universities could be sponsored.
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6.1.3

Industry related skills development

In the short term, the focus should be on training the trainers and creating the
curriculum and course materials.

Focus on gaps and deficiencies in fundamental process knowledge
Experimentally based performance and learning were more evident than
issues related to process modelling and simulation, process-material
interactions, monitoring and control, process capabilities, tool and equipment
design, metrology, economics, and application. This means that our training
and skills could also be experientially developed to some extent, typically in a
laboratory or research setting.

Educational and awareness programmes on all levels, MSc, PhD and
technical managers for laboratories for fast tracking chosen individuals.

Offer industry-oriented training programs for the technologies in which
appropriate expertise has been developed. Workshops, seminars and
conferences as well as one-day technology forums are prime tools for
technology transfer to industry.

Development of a Micro-Manufacturing Certificate Programme (similar to
Georgia Tech) to complement Micro-Manufacturing post graduate research

and continuous education for industry people

6.2 Awareness

The following interventions have been identified:

6.2.1

6.2.2

Information sessions

Portal and information pack

Information Sessions

Creating a good awareness of micro-manufacturing in industry, government
and tertiary institutions through seminars, workshops and laboratory open
days.

Breakfast sessions in regular intervals (i.e. every six months)

Portal and Information Packs

Development of micro-manufacturing portal with information packs for

industry on the various applications
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Yearly symposium on micro-manufacturing where technical papers, industry
overviews are presented

6.3 Technology Platforms

Any new emerging research area has a very high level of R+D involvement with vary
few applications for industry. As the research continues applications becomes
relevant to industry, which then starts to participate and start directing the research.
However it is critical that the basic knowledge is accumulated before applications are

sought in order to build a good foundation. This process is described in Figure 11
below.

Industry

% Involvement

T >
Currént

Status Tl me

Figure 11: Industry and Academia Interactions

Platforms have been identified that is closely related to specific industry problems in

order to reduce the time that it will take industry to participate in the R+D strategic
directions.

The following micro-manufacturing platforms have been identified:
Design and modelling
Materials
Processes
o Formative
o Additive
0 Subtractive
Micro Systems

Metrology and standardisation

Research in the above technology areas will be supported, focussing on the existing
competitive advantage of the research organisation.
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A stakeholder map will monitor the progress in the development of the various
platforms and to inform the stakeholders of different potential collaborators in the
technology area.

Univ. of

CUT Stell NMMU CSIR Other
Design + modelling X X X X
Materials X X X
Processes - Additive X
Processes - Formative X X X
Processes - Subtractive X X X X
Microsystems X X X
Metrology X X

Table 7: Stakeholder map

6.4 Industry Development

The following interventions have been identified for industry development:
Market Identification
Licensing of technologies

Incubation and commercialisation

6.4.1 Market identification

Initial markets for micro-manufacturing have been chosen, based on the
market size and ease of entry into the market.
National imperatives have also been considered in the selection process of
the markets.
The selected industry sectors are:
0 Life sciences
Drug discovery
Biotechnology
Medicine/Medical — therapeutics and diagnostics
Ecology

o Automotive
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6.4.2

6.4.3

Sensors

Electronic packaging

Materials, catalysts and paints
0 Aerospace

MEMS

Smart Materials

UAV’s and drones

Licensing of technologies

Provision should be made for the licensing of technologies for the
development of new industries in South Africa.

Currently there are very few micro-manufacturing production systems in
the world. Most systems are still experimental and are in development.
Low cost implement able production systems have been identified in
Germany and could be licensed top fast track industry development in
South Africa.

Licensed technologies will form the basis for the further development and

innovations

Incubation and commercialization

Commercialisation of micro-manufacturing technologies is done through the
spin-out of small high-tech companies. This is typically done in Europe and
the US.

Objective of the strategy is to create an enabling environment that will
stimulate the growth of small high-tech firms in micro-manufacturing.

Close linkages with other Government instruments like GODISA is needed to
incubate new businesses.

Government support for capital equipment is required, since micro-
manufacturing is very capital intensive.

6.5 Networks

Student and staff exchanges with local and international organisations are
encouraged

Support for the travel and accommodation costs of international experts via
the AMTS Leap programme.

Registry of all micro-manufacturing equipment in South Africa
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Co-supervisors across organisations

Development of national research network for micro-manufacturing

6.6 Linkages with other strategies
This strategy has very strong links with the following national strategies of South
Africa:

National R+D strategy

Biotechnology strategy

AMTS

Energy Strategy

Nanotechnology strategy

7 FUNDING REQUIREMENTS
The funding requirements for this strategy are the following:

Interventions 2007/2008 2008/2009 2009/2010
(million) (million) (million)

Research Projects | 40 40 40

Human Capital 25 25 25
Development

Industry 15 15 15
Development

Research 20 20 20
Infrastructure

Total | 100 100 100

R300 million over 3 years. The funding can be broken into the following broad areas:
Research Projects
Capital equipment
HCD

Industry Development
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8 LEAD PROJECTS

This is a summary of the key interventions that are proposed. Detail project proposals will be submitted and developed in a separate

process.
No Project Name Description Time Industry Indication of Budget needed
Frame Sector

1 Centre of Competence | Focus on the development of Microsystems that can generate energy for | Short Energy, R 20 million over 3 years
(CoC) in Microsystems for | the powering of mobile technologies Term Electronics
Energy applications

2 Advanced Manufacturing | Sintering of various materials on micro scale (direct production, as well as Medium- Cross cutting R 15 million over 3 years
Technology Lab( AMTL) for indirect through rapid tooling for micro injection moulding) term
Micro Sintering

3 Industry development | Direct production of micro-sized parts & systems, as well as the | Short Cross cutting R 20 million over 3 years
through the use of masking | development of an incubation programme to develop Micro manufacturing | term
technologies companies

4 SA Micro Manufacturing | Annual conference held with leading international experts Medium- Cross cutting R 1.5 million
Conference term

5 Development of Micro- | Development of certificate programme Short Cross cutting R 2 million
Manufacturing  Certificate Term
Programme

7 Centre of Competence | Development of a research platform for life sciences Medium - | Life Sciences R 25 million for three years
(CoC) in Microfluidics term

8 Chair in additive Micro- | Establish chairs in order to generate research capacity for the specific area. | Medium - | All R15 million over 3 years
Manufacturing term

9 Chair in subtractive micro- | Establish chairs in order to generate research capacity for the specific area. | Medium - | All R15 million over 3 years
manufacturing term




