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I SILICON SENSORS - THE NEW MICROENGINEERING CENTRE I 

Techniques developed for the production of silicon integrated 
circuits for the electronics industries are now being adapted for 
the production of sensors and actuators, and are forecast to 
have a similar revolutionising effect in the near future. 

Using techniques such as thin film deposition, diffusion, 
photolithography and anisotropic etching, a wide range of 3D 
structures and mechanisms can now be microfabricated in 
silicon, on a wafer scale production basis. 

Hundreds of identical sensors, actuators and other mechanical 
devices, can be fabricated on a single 100mm silicon wafer 
which may then be processed in batches enabling tens of 
thousands of devices to be fabricated. at low cost. 

Construction of a new clean room at Wantage, and installation 
of the processing equipment, has recently been completed. 
The equipment has now been commissioned, and is up and 
running. 

The facility will operate as a separate company, under the 
ownership of BNF Metals Technology Centre, and is the basis 
from which one of the UK's most advanced microengineering 
facilities will develop. 

The establishment of the new centre is the culmination of ten 
years work in this area: starting with the microfabrication of 
tantalum carbide field emitters in 1980 through to the recent 
development of a range of silicon capacitive pressure sensors 
for automotive industry applications. 

The new clean room has an area of 1200 square feet (1 20 
square metres) and will be used, in conjunctionwith associated 
design and testing facilities, for the wafer scale production of 
silicon sensors and actuators. 

As the first such facility in the UK, the new Centre will fill avital 
gap between University research and the large 
microelectronics silicon "foundries". 

The official launch of the Centre will be in October, to coincide 
with the "Total Solutions" exhibition at the NEC, Birmingham, 
at which the Centre's capabilities and expertise in this rapidly 
developing technology will be on show. 

The objective of the Centre is to attract joint venture customers, 
whose investment will not only give them direct access to the 
microengineering facility, but will alsogive them the opportunity 
to guide future expansion both in terms of capital equipment 
and the development of new proceses. 

In addition to sensor, actuator, and silicon wafer manufacturers, it is anticipated that 
customers from the user end of the market - automotive, brown and white goods, defence, 
aerospace, heating and ventilating, etc, will wish to be involved. 

Providing full R & D, prototype fabrication and low to medium production capabilities, the 
Microengineering Centre's facilities include magnetron sputtering, surface profiling, 
electron beam evaporation, wet etch stations, porous silicon formation, thermal evaporation, 
scanning electron microscopy, silicon/glass bonding, photolithography, oxidation and 
diffusion furnaces, and silicon fusion bonding. Future processes will include epitaxial 
growth together with plasma etch and deposition. 

The Centre is backed-up by acomprehensive range of CAD systems and the consultancy 
services of a dozen research scientists from the Instrumentation & Sensors Division of 
BNF-Fulmer. 

Until now, the UK has lagged behind the USA and Japan in silicon sensor and micro- 
structure technology. The new Centre should enable the UK to quickly catch up and 
establish a European lead. 

Companies and organisations which have an interest in this new development, and would 
like further information, should contact R Santilli. 



COPPER BASED MMC's 

The enhancement in properties which can be achieved by the 
incorporation of reinforcement into a base material has been 
well demonstrated for light metals -aluminium, magnesium, and 
titanium. Metal matrix composites based on these metals, 
reinforced with various ceramics in the form of particulates, 
whiskers, chopped or continuous fibres, have been extensively 
researched, and arestarting to find commercial outlets, principally 
aerospace. 

The development of composites based on a copper or copper 
alloy matrix has to date received little attention, but offers the 
possibility of yielding a new family of materials with properties 
which are attractive for a range of specific applications. 

Properties which may be advantageously affected include creep EXPERIMENTAL MELT-INFILTRATION RIG 

resistance at elevated temperature, hardness, wear and frictional 
characteristics, controlled thermal expansion coefficient, and The proposed study will cover:- 

machinability. Enhancement of these properties in unalloyed 
copper will be achieved with minimal loss of the intrinsically high (1 ) Further investigations of potential marketsfor particulate- 

electrical and thermal conductivities. reinforced copper MMCs produced by low cost routes. 

The market potential for copper MMC products will depend on (2) Technicallmarket study of the potential for copper 

achievable properties and production costs relative to alternative composites produced from solid feedstock by rolling, 

materials. Achievable properties will depend on the nature, extrusion, drawing or other metalworking processes. 

distribution, size and morphology of the reinforcement, the 
matrix-reinforcement interface behaviour, and the matrix alloy. (3) Potential for high value copper composite products, 

e.g. for electronics applications. 

Work has been carried out over the past two years (R672) on the 
development and evaluation of dispersion strengthened copper 
materials produced by mechanical alloying. This is an alternative, 
but costly, method of improving the properties of copper 

The study should provide information which is useful 
in determining R & D priorities in this area. 

(ii) Properties of Copper Based MMCs 

Preliminary work has been undertaken on the development of 
copper based MMC's reinforced with coarser particulates, One barrier to the development of markets for particulate 

chopped fibre preforms and continuous fibres. Pressure reinforced copper MMCs is the absence of property data to 

infiltration methods have been developed to produce quantify the improvements that are predicted. Such data would 

such materials. be valuable in obtaining the interest and support of potential 
users of MMC products. 

More recently the possibilities offered by melt stirring particulates 
to generate relatively inexpensive MMC products have been It is proposed to undertake a study to measure the 

considered. The markets for such particulate reinforced copper properties of particulate reinforced copper based MMCs focusing 

based MMCs should be more extensive than for dispersion initially on mechanical and electrical properties at ambient and 

strengthened alloys because of the potential relative cheapness elevated temperatures. Specimens will be produced by fast 

of these materials. turn-round powder metallurgy techniques. Initially copper or 
silver bearing copper will be the matrix material, and alumina the 

A preliminary techno-economic assessment of the potential for reinforcement. Loadings of 10% and 20% will be considered, 

particulate reinforced copper based MMCs produced by with particle sizes of less than 15 pm, preferably smaller. 
Annealed and cold worked material will be examined, properties conventional bulk processing has been undertaken' This 
related to microstructure, and compared with alternative mterials. suggests applications including: resistance welding electrodes; 

electrical contacts; brakes and bearings; free machining 
copper alloys not containing lead; high efficiency heat exhangers Companies interested in possible applicationsfor copper 

operating at high temperatures. based MMC's, or requiring further information, should contact 
Dr C R Maselkowski. 

Before undertaking an extensive work programme two studies 
are Dr0~0sed:- 



CONSISTENT QUALITY THROUGH PROCESS CONTROL 

The long involvement of BNF-Fulmer in the metallurgical process 
industry has naturally led to activities specifically concerned 
with process investigations that lead to improvements in product 
quality and hence company profitability. 

BNF-Fulmer has both the facilities and experience to carry out 
on-site investigations to identify the critical process variables 
and to determine their characterisitics. The picture revealed by 
this work generally then leads to appropriate changes to the 
process or to operating practices. 

Most process problems are complex, and usually several factors 
influence product quality. However, without a fundamental 
understanding of the process variables there is little prospect of 
an economic and speedy solution. This depends upon 
identification of the potential critical process variables and some 
knowledge of their characteristics. 

Difficulty may be experienced in deciding which of a group of 
variables to concentrate upon. Each may show substantial 
variability, but which has the greatest effect upon product 
quality? Failure to correctly identify this variable may result in 
wastage of money and time attempting to control a variable 
which has little effect upon quality - meanwhile the real problem 
persists. 

BNF-Fulmer are able to offer advice, carry out investigations 
and provide on-site support in the following areas:- 

Process audits - to establish the characteristics of the 
prime processvariables - to identify the major causes of variability 
and appropriate changes in working practices to improve quality 

Quality audits -to establish the magnitude and sources 
of quality losses - to identify actions necessary to minimise 
quality losses. To identify opportunities for quality improvement 

Process monitoring - to install equipment to enable 
shop floor monitoring and provide data for management control 

Process control - to install fully customised automatic 
closed loopcontrol systems replacing manual systems, ensuring 
consistent operation at optimum working conditions, enhancing 
quality and process costs 

Problem solving - to carry out investigations to resolve 
specific quality or operational problems 

Periodic process and quality meetings - these often 
provide an opportunity for the company to seek advice on 
persistent problems and to discuss underlying matters, perhaps 
where it is recognised that present performance or practices are 
unlikely to be accepted in the future 

Product identity and traceability - to investigate 
requirements and provide solutions compatible with works 
needs and BS5750 

Sensors and measuring techniques - to investigate 
process and product measuring system requirements 

Assistance with development and documentation of 
practices in accordance with BS5750/IS09000 

If you have a problem, or would like more information on the 
assistance available, contact M J Banks. 

NEW SPACE CONTRACTS FOR CVD DIVISION 

In the first half of 1991 two major research programmes have 
started utilising Chemical Vapour Deposition (CVD) process 
techniques. Both programmes relate to developments for the 
Space Industry and the exploitation of advanced high 
temperature materials. 

The European Space Agency (ESA), through its technical 
authority ESTEC, is seeking to expand facilities in microgravity 
experimentation. As part of this exercise a series of material 
science experiments are envisaged to study the rapid 
solidification of metal melts at temperatures approaching 
1500°C. Thin-walled and durable cartridges are required to 
contain the melts under vacuum. Traditional thick-walled 
ceramics have been used to ensure sufficient robustness, but 
these hinder rapid quenching. 

BNF-Fulmer are developing a duplex cartridge comprising a 
pyrolytic boron nitride (PBN) liner with an outer sheathing of 
tantalum (Ta). The boron nitride liner is being provided by 
Fulmer CVD, Slough, and the tantalum is being deposited over 
the PBN using the CVD research facilities at Wantage. The 
PBN provides the containment for the melt, and because of its 
high purity, avoids issues of melt contamination. The tantalum 
(melting point 2976"C), as a refractory metal, will withstand the 
processing temperatures and ensure the integrity of the cartridge 
in all circumstances which a brittle ceramic alone cannot 
provide. 

The CVD processes are the only means of creating the net- 
shape cartridge with a wall thickness of one 
millimetre. The PBN/Ta combination provides a gas tight 
section capable of operating under vacuum. BNF-Fulmer will 
undertake cartridge evaluation under representive metal melt 
process conditions, with the aim of having satisfactory designs 
by the end of 1992. 

CVD can be applied to a range of metals and ceramics. By 
operating the process continuously in the Chemical Vapour 
Infiltration (CVI) mode it can be used to manufacture ceramic 
matrix composites. With support from Space Department, 
DRA Aerospace, a programme is underway to manufacture 
silicon carbide fibre reinforced silicon carbide (Sic-Sic) 
bipropellant thrusters. These thrusters are to be used for 
satellite attitude control and are required to sustain repeated 
impulse firings which induce thermal shock and thermal cycling 
under oxidising conditions. 

Present disilicide coated niobium thrusters have a temperature 
limitation of 1400°C. To improve impulse and fuel efficiencies, 
higher operating temperatures are preferred. The Sic-Sic 
material should allow temperatures around 1700°C to be 
reached. BNF-Fulmer are undertaking the development of 10 
and 20 Newton thrusters with trial firings in the Autumn of 1992. 



I GRADED STRUCTURES I 
- - 

A two year BRITE/EURAM contract has recently been received 
for the development and eventual exploitation of "graded 
structures". BNF-Fulmer are the main contractor and project 
manager for a consortium of four collaborating European 
organisations. 

Many applications of materials require acombination of properties 
which are not available in, one homogeneous structure, for 
example wear resistance plus.shock resistance, and corrosion 
resistance plus high strength. .. - 
The required combination can be at least partially achieved 
either by a hybrid structure assembled from component parts 
manufactured from two materials, each possessing one of the 
required properties, or by applying surface engineering 
technology such as plating, diffusion coating, ion implantation, 
etc. 

Major problems associated with such composite structures are 
that frequently there is a mismatch in physical properties, or 
brittle interlayers are formed at the interface. This leads to 
premature failure, particularly underconditionsof thermal cycling 
or cyclic loading. A partial solution is the introduction of aductile 
interlayer between the two materials, but again this can give 
long-term problems due to diffusion, thermal instability, or 
incomplete bonding. 

The "graded structure" concept to be pursued in the project is 
to use particulate technology to engineer the interface between 
dissimilar materials, or a substrate and the environment, in 
order to bridge their chemical and physical incompatibilities. 
This will provide a smooth transition in properties. 

There are numerous applications forthe technology, the project 
will initially address two application areas:- 
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BNF-Fulmer 8th International Conference - 
"Environmental Issues - their impact on the 

metals processing and user industries" 

Delegates and authors from throughout Europe, including USSR, 
Africa and Japan, gathered in Amsterdam for three days in mid- 
May, for the BNF-Fulmer conference. 

In view of the current high profile of environmental matters, and 
the effect that current and pending National and European 
legislation will have on the metals industry, the theme and timing 
were most appropriate. 

As this was the first function of this type held by the new 
company, the proceedings were opened by Mr M I M Watson, 
our Chairman, who informed delegates of the reason for the 
merger between the Technology Centre and Fulmer Research 
Ltd, and the enlarged facilities and expertise now available at 
the Wantage site. 

This was by a Keyn0te Address by Dr Of 
Matthey intrdOuced the 

technical themes and gave an overall summary of the challenges 
facing industry. 

The technical sessions then commenced, during which thirty- 
four papers were presented and discussed, the middle day 
being divided into two concurrent sessions. 

Four themes were covered - "Legislation", "Metal Processing 
and Recovery", "Measurement and Treatment Effluents and 
Emissions", and "Foundry and Energy Conservation". 

The conference ended with a review of the proceedings by 
Dr w 'H Bowyer. He summarised the areas where concern was 
apparent, based on the content of the papers and the delegates' 
views made known during the discussion periods. 

As was the stated the conference was not an 
end in itself, and the need for follow-up action is now being 
quantified, and where appropriate ~ r o ~ o s a l s  for work will be 
generated. 

Bound copies of the papers are available from Anne Greig, 
Library, at f 75.00 per set. ~f required, a contents list only can be 
supplied prior to purchase. - 

Mining tools - to develop "transition interlayers" for the diffusion 
bonding of tungsten carbide cermets to tool steels, to give 
abrasion resistance combined with toughness. 

Aerospace structures subject to high temperature thermal 
cycling - 
to combine the high temperature properties of ceramics, such 
as alumina, with the thermal fatigue resistance of nickel alloys, 
to permit higheroperating temperaturescombinedwith adequate 
resistance to thermal fatigue. 

Tests under simulated operating conditions will compare the 
performance of the graded structures with current practice, and 
if encouraging, an industrial consortium will be assembled to 
take the technology to the next stage of pilot development. 

Sir Ronald Prain 

It was with great regret that we learnt of the death of Sir Ronald Prain 
OBE, in May, at the age of 84. Sir Ronald was one of the few people 
who are Honorary Members of BNF, a position offered only to those 
who have made a significant contribution to the non ferrous metals 
industry. 

He had a long connection with BNF, being first elected to the Council 
of whatwasthen the British Non-Ferrous Metals Research Association 
in 1946, becoming a Vice Chairman in 1955. He retired from Council 
in 1970, and was made an Honorary Member in 1974. 

Sir Ronald was indeed a "giant" in the copper industry, and in his 
position as Chief Executive, and later Chairman, of Roan Selection 
Trust, was one of the principal architects in the development of the 
(then) Rhodesian Copperbelt into one of the world's largest copper 
production areas. 

His interest and involvement with copper stretched beyond the 
~ ~ m m e r c i a l  and mining aspects, he was for many Years closel~ 
connected with the Copper Development Association as Chairman, 
later Honorary President, and benefactor. He served as President of 
the Institute of Metals in 196011, and one time Chairman of the 
Commonwealth Council of Mining and Metallurgical Institutions. 

His name is perpetuated in the Prain Medal and Prize, awarded 
annually by the Institute of Metals for distinguished achievements in 
the development, manufacture, or application of copper or copper 
alloys, and in his two books"Copper- the anatomy of an industry", and 
" Reflections on an era", both of which make absorbing reading. 


