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MACFEST Project Update: 

The MACFEST project is designed to scale-up novel chemistries for use in a printed circuit board (PCB) manufacturing line.  The project will 

develop and install a pilot unit to demonstrate the process at the Merlin PCB Group’s plant in Deeside.   

The chemistries, developed and optimised by the University of Leicester’s Ionic Liquids Group are designed to provide solderable finishes, su-

perior to current aqueous-based chemical processes.   

Use of ionic liquids can eliminate current reliability issues with nickel, palladium, gold coatings. Such problems as black pad, brittle joints and 

void formation can often go unidentified until final stage testing and are a major concern to both assemblers and end users. 

The coatings provided by the MACFEST project will also have the potential to reduce environmental impacts through the elimination of cyanid-

based aqueous chemistries, reduce the amount of palladium consumed (resource efficient) and still meet the requirements of the industry and 

current IPC standards (e.g. IPC Standard 4556).   

 

 

 

 

 

 

 

 

 

 

 

MacFest and the Internet of Things      Martin Goosey 

 

The growth of the electronics industry can, in many ways, be linked to the global adoption of the latest major ‘must have’ gadget, be it con-

sumer or industry focused.  Examples include personal computers, mobile phones, lap tops, flat panel TVs and tablets.  While making these 

products will keep the electronics industry occupied for the foreseeable future, there is another development emerging that may well have an 

even greater influence on both industry and society as a whole.  This development is the Internet of Things (IoT).  The IoT is basically defined 

as the network of physical objects or ‘things’ that have both embedded electronics, software, sensors etc. and connectivity to provide greater 

value and service by being able to exchange data with manufacturers, users and/or other connected devices.  It is, essentially, the intercon-

nection of all things through the incorporation of the appropriate electronics.  

 

The concept of the IoT is also being expanded to be even more embracing in what is becoming known as the Internet of Everything (IoE).  The 

IoE is an extension of the IoT that further embraces an additional three dimensions.  While the IoT covers ‘things’, the IoE additionally includes 

people, processes and data.  This means that the IoE is being built on the connections among people, processes, data, and things.  However, 

the IoE is not just about these four aspects in isolation, but about how they can be integrated to offer synergies that enhance the capabilities 

of the others.  It is thus in the integration of these disparate elements that the real power of the IoE will be realised.  There is no doubt that 

the IoE is set to bring about radical changes, and to all aspects of life.  The overall impacts are expected to be highly favourable.  One esti-

mate is that the IoT/IoE will lead to huge employment growth opportunities and provide a major boost in the gross domestic products of the 

world’s largest economies.   

The key question, of course, is how all this will be achieved in terms of the equipment, software and operational protocols that will be needed 

to ensure a globally seamless interactive capability.  It is estimated there will be around 5 billion connected things in use in 2015 and that this 

figure could reach 30 billion by 2020 (source: ABI Research).  This represents massive growth and, by definition, there will undoubtedly be 

concomitant huge demands for moving and processing data between these devices.  For our own industry, this must be an almost unbeliev-

able opportunity, as the growth will translate into an increased demand for high performance connectivity.  The challenge, of course, will be in 

understanding this opportunity and then being able to translate it into the requisite types of circuit boards and related interconnection solu-

tions that will be needed. 

Printed circuit boards (PCBs) will be the fundamental building blocks of the IoT and they will be required to provide both the signal pathways 

and the power distribution networks.  It is already clear that processing the huge amounts of data, and transmitting it to wherever it is 

needed, will be a key driver for the development of electronics capable of operating at higher frequencies and at greater bandwidths.  This will 

present a major challenge for the PCB industry, especially as the demand for ever higher data transmission rates is often combined with the 

low operating voltages of portable and mobile devices.  Many of the applications will require a high frequency capability.  The 5G mobile phone 

system operates at 28 and 38 GHz, while short range wireless local area networks and wireless personal area networks are likely to be at 60 

GHz.  Add to this the increasing use of industrial and automotive radars which operate at up to 122 GHz and the potential demand for high 

speed solutions becomes apparent.  Many of these applications will require careful circuit design if signal integrity is to be maintained and 

losses minimised. 

 

PCBs for these applications will need to have dielectric properties that are both homogenous and isotropic, while also exhibiting low loss.  The 

materials used will need to have low moisture absorption and dielectric constants that are stable with temperature.  With increasing frequency, 

more of the signals will be transmitted in the surfaces of the conductors, meaning that there will be specific performance demands on the 

choice of solderable finishes used, as well as on conductor surface morphology.  This is where the MacFest project may be able to help.  By 

using ionic liquids to deposit metals such as nickel, palladium and gold, it is possible to achieve significantly different deposit properties com-

pared to coatings obtained from traditional aqueous chemistries.  It may, for example, be possible to deposit thinner and smoother coatings.  

It may also be possible to deposit nickel without the use of the conventional hypophosphite reducing agent that is used in aqueous systems.  

This approach leads to the nickel deposit actually containing a significant amount of phosphorus, which pushes up the resistance, an undesir-

able feature for high frequency applications. 

 

There will also be the added challenge of achieving electromagnetic interference (EMI) and electromagnetic compatibility (EMC) in an increas-

ingly crowded and busy environment.  The move to smaller features in PCBs will present difficulties as, for example, vias are known to have 

poor signal transmission properties, especially as they become smaller, with higher aspect ratios, and where they are present in high density.  

The electromagnetic properties of vias will increasingly need to be optimised for these types of applications and design aspects such as the 

pitch between signal and return current vias will be increasingly important.  At the practical level, this will not only require the expertise of 

circuit designers, it will also drive the development and introduction of the new materials that will be required for higher frequency operation, 

along with new simulation and measurement approaches. 

 

It will not just be in improvements to conventional circuit boards where there will be an opportunity.  There will also be an immense demand 

for embedded intelligence, which will be achieved through the use of RFID devices and a plethora of sensors and transducers and via a wide 

range of other novel electronic devices.  In many cases, these will need to be thin and flexible, which will encourage the further development 

Upcoming Events 

22 September 2015  ICT Evening Seminar, Newton House Hotel, Hayling Island  

22/23 September  2015 SMART Group European Conference & Exhibition, NPL, Teddington  

10 –13 November 2015 Productronica, Messe Munich, Munich, Germany   

16th November 2015  Vehicle Battery and Fuel Cell Recycling Workshop, City Hall, London  

17th November 2015  ICT Evening Seminar, St George Hotel, Darlington 

IONIC LIQUID APPLICATIONS 

In addition to applications in electron-

ics, ionic liquids are under development 

for a wide range of other uses, some of 

which include: 

Water miscible lubricants, 
Recycling of high purity polymers, 
Processing of metal and metal oxide 
waste, 
Treatment and recovery of raw materi-
als from mining slags, 
Purification of waste water or effluent, 

Consortium Focus:  

With a turnover in excess of £ 20 million, the Merlin PCB Group is a 

leading global provider of Printed Circuit Boards (PCBs), offering a 

co-ordinated supply solution from prototyping and new product 

information, to economic volume production from UK-based manu-

facturing and offshore supply facilities. Merlin supplies a range of 

PCB technologies from single sided boards to complex high tech-

nology multilayer’s, Flex and Flex Rigid product. 

The group has accumulated over 12 years of experience working in funded research and development projects, directed towards the develop-

ment of new and improved manufacturing techniques within the printed circuit board industry. The projects range from UK-based development, 

to European funded research under the now finished FP7 research and innovation scheme. Some of Merlin’s UK partners on existing and com-

pleted projects include: Herriot-Watt University; Greenwich University; University of Glasgow; University of Dundee; University of Leicester; 

Coventry University; Birmingham University; and the National Physical Laboratory in London. 

An example of Merlin’s history of R&D includes the integration of optical wave-guides into PCBs to create optical PCBs (OPCB). This project was in 

partnership with University College London and was geared towards improving information transmission through the use of photonic circuits (light) 

rather than electrical (electrons). 

 

 

More recent developments have included involvement in the next generation of ultrasound medical equipment for non-invasive imaging tech-

niques and treatment. These projects include the Sonopill  (http://sonopill.dundee.ac.uk/), and Ultrasound In A Needle (USIAN) (http://

www.eps.hw.ac.uk/institutes/sensors-signals-systems/grant-usian.htm), which both require the development of fine-pitch flexible substrate cir-

cuits to fit into small devices. In the USIAN project, the PCB is to fit into a device of casing diameter 3 mm and, for the Sonopill, a device volume 

no bigger than an ingestible pill. 

 

 

 

The primary rigid manufacturing site of the group - Merlin Circuit Technology in Deeside – houses laboratory facilities to analyse the quality of 

the PCB product, which in turn can be used to define the manufacturability of new techniques. Some of the facilities include board sectioning for 

the microscopic analysis of PCB components and X-ray fluorescence spectroscopy for the fast measurement of a metal deposit’s thickness. 

ELECTROTEXTILES 

The use of novel textiles, materials and 
flexible components is aiding new de-
velopments, particularly for applica-
tions in the health and fitness sectors.  

Use for neonatal and hospital patients 
are thought to be an area which could 
provide major benefits to the health 
industry. 

Development is still required for suit-
able components and flexible, durable, 
reliable devices. Novel solderable fin-
ishes will be a key component in the 
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A schematic of the SonoPill Design. 

         Copper track features for use in ultrasound technology,                       A potted micro-section under observation. 
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