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Plasmas underpin many modern technologies but perhaps the greatest application of 

plasma science has been in the micro-electronics industry. The success of the semiconductor 

industry in producing ever-more complex circuits while decreasing the cost per circuit element 

is astonishing. In 2007 1018 transistors were produced generating sales in excess of $200 billion. 

The continued increase in technological and IT products in both commercial and domestic 

markets and the emergence of new ‘mega-markets’ (China and India) ensures considerable 

growth for the industry in the next decade. 

 

The history of the industry has largely been an elaboration of Moore’s law, that the 

number of transistors that can be fabricated in a given area of a semiconductor chip doubles 

every 24 months, with the size of each transistor steadily reducing until each transistor is now 

around 65 nm. The next step in the ‘roadmap’ for Micro and nano Systems Technologies (MST) 

is the development of 45 nm technology. However there is a growing recognition that this will 

be restricted by our lack of understanding of many of the processes that underlie the production 

techniques, techniques that are inherently plasma in nature. MST manufacturers have identified 

robust and reliable control of atomic-order structure and surface reactions in plasma etching 

processes as pivotal to the future development of the technology. The development of MSTs 

therefore requires a multidisciplinary approach bringing together both academic and industrial 

researchers to investigate both fundamental physical and chemical processes within such 

plasmas and to explore new technologies for developing the next generation of nanoscale 

electronic devices.  

 

Controlling the physical and chemical processes within the etching plasmas is pivotal to 

the development of future MSTs. To date the industry has adopted a mainly empirical approach 

and, while such an approach proved successful in preparing sub-mm scale devices, the 

development of nanoscale scale devices coupled with the cost of commercial plasma devices 

does not allow such a trial and error approach in the future. The industry now seeks to develop 
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detailed predictive models of such plasmas such that future reactors may be designed in a 

‘virtual factory’ prior to laboratory trials and prefabrication demonstrations. Such plasma 

models therefore require a large knowledge base to be assembled, however at present much of 

the fundamental data necessary for such models is lacking whilst there remain major 

inconsistencies in the data sets that have been collected. A major challenge for the plasma 

community therefore lies in both the collection and interpretation of such data. Furthermore it is 

necessary to consider how such data will be archived and presented to the ‘user community’ 

since at present there is no agreed methodology for selecting the ‘recommended values’ in such 

data sets that have been collected and often the access tools for such data bases and the format 

in which the data is stored and downloadable are at the whim of the host. Hence the selection of 

data in any model is usually ‘personalised’ which makes cross correlation between models hard 

-  if not impossible - such that differences in model results may be due as much to the choice of 

input data as to the physical and chemical hypothesis being tested.  

 

In this review I will review the current status of the data bases used in plasma processing 

selecting some specific examples of where data is either lacking or where existing data sets are 

in conflict with one another. Due to their crucial importance in both enabling and sustaining 

plasmas particular attention will be given to the data set for electron interactions with plasma 

molecules. Electron induced ionisation cross sections are one of the most well characterised data 

sets and several semi empirical methods have bee developed to provide data for species that are 

hard to investigate experimentally (e.g. free radicals) but even here restrictions remain e.g. 

ionisation of excited (metastable) species and the  effect of ro-vibrational excitation (as 

encountered in most plasma systems). Similarly since many plasma etching gases are 

electronegative  the production of negative (anion) species  in many plasmas in central to the 

subsequent chemistry yet methods for deriving absolute cross sections for such processes 

remain subject of debate.  Similarly the role of electron (and ion) interactions with surfaces 

remains to  be quantified  and methods for assigning relevant cross sections/reaction rates need 

to be developed.       

 
 A major goal of modern plasma processing lies in the ability to develop plasmas that work 

at atmospheric pressure negating the need for expensive vacuum apparatus. Atmospheric 

pressure plasmas are currently being used in many industries, e.g. textile and paper processing 

and in many environmental pollutant remediation treatments while ‘plasma torches/needles’ 

have been developed for use in automotive, aerospace industries and recently in biomedical 

applications. However their adoption as a preferred instrument of choice remains limited by our 

remarkably poor knowledge of physical and chemical properties of such plasmas. While many 

of the processes are similar to those in more conventional low pressure plasmas e.g. electron 



impact ionisation and dissociation and have been studied for many years atmospheric pressure 

plasmas introduce new complexities. For example in any atmospheric pressure plasma many of 

the molecules are formed into clusters of between 10 and several 1000 molecules, and the 

formation of aerosol/particulates are common. Figure 1 shows a simple mass spectrum of 

negative ion spectra recorded in a simple coronal discharge generated at atmospheric pressure in 

air.  Practically all the anions detected were in the form of clusters, mostly containing water, 

although some clusters containing HNO3 molecules are also observed. O2
-.(H2O)n, CO3

-.(H2O)n, 

O3
-.(H2O)n, NO3

-.(H2O)n , HCO3
-.(H2O)n  and NO3

-.HNO3. were all detected with yields  between 

2 and 10 %. Such results demonstrate conclusively that in any atmospheric pressure discharge 

most of the ion chemistry involves clusters and therefore models and simulations using 

unimolecular ions in the description of such plasmas are liable to serious misinterpretation. 

 

 At present our knowledge of the physical properties of such clusters and their chemical 

reactivity both in the gas phase and with surfaces is extremely limited. In this review I will 

discuss the current state of knowledge and suggest a few keys areas of future research. In 

particular methods for identifying the presence of such clusters in atmospheric pressure plasma 

and characterising their chemical composition will be reviewed. The important role of electron 

induced chemistry in forming such clusters and in subsequent intra- and inter-cluster reactions 

will be discussed and possible surface induced reactions by such species analysed.  

 

The ability to use unimolecular data in the prediction of the behaviour of atmospheric 

pressure plasmas will also be discussed since this is the most comprehensive data base and is 

the most easily experimentally verified. Similarly I will discuss the prospect of theoretical 

methodologies used to study single encounter collisions being able to study binary and multiple 

scattering phenomena within atmospheric pressure plasmas. The extension of such theory to 

study cluster rather than monomer targets will also be explored.  

 

The review will conclude with some suggestions as to how the research community 

might develop a more coherent research programme to collect fundamental data necessary for 

the plasma processing community. 
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Figure 1 Mass spectrum of negative ions extracted from a negative coronal discharge (operating at 6.9KV 
and 50 A with electrode separation of 6mm) in air.  

  

 

 


