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	Grant Reference
	GR/M71039/01
	Programme
	Technological Plasmas Initiative

	Organisation
	Open University
	Scheme
	Standard Research


CURRENT INVESTIGATOR DETAILS

	Details
	Principal Investigator
	Co-investigator 1
	Co-investigator 2

	Title/Initials
	Professor AA
	Professor NSTJ
	Professor PD

	Surname
	Hopgood
	Braithwaite
	Picton

	Organisation
	Nottingham Trent University
	Open University
	University College Northampton

	Division or Department
	Computing & Mathematics
	Oxford Research Unit
	School of Technology & Design


PROJECT DETAILS

	Title of Research Project
	AUTOMATED OPTIMISATION AND CONTROL OF LOW TEMPERATURE PLASMA PROCESSES


	Funds Awarded (£)
	£155,641
	Start Date:
	01/01/2000

	Cost of Access to Facilities and Services (£)
	-
	End Date:
	30/06/2003

	Total Grant Value (£)
	£155,641


OBJECTIVES AND RESEARCH SUMMARY
	Original objectives as presented in the grant proposal

	1. Extension of the ARBS control system to manage a variety of parameter search techniques.

2. Generic methods for parameter searching and contour following in parameter space.

3. Determination of optimal plasma parameters for ion mass flux and ion energy flux using a variety of search strategies.

4. A comparison of the effectiveness of random search, gradient descent, simulated annealing, and genetic algorithms for achieving Objective 3.

5. The identification of "knife-edge" combinations of parameters (in a deposition process such as silane and ammonia for silicon nitride).

6. Use of an AI controller to drive a processing plasma at its "knife-edge" conditions.

7. Use of AI methods to tune an actively compensated diagnostic probe.




These objectives remained valid throughout the research (tick box), or
 FORMCHECKBOX 

These objectives were changed  (tick box).
 FORMCHECKBOX 

	New objectives

	


	Project abstract at time of proposal

	The efficiency and effectiveness of plasma deposition and etching processes would benefit from improved control over the physical and chemical interactions throughout the plasma.  In a previous EPSRC-funded collaboration between the applicant, GR/J32213, artificial intelligence (AI) techniques have been used to control plasma deposition processes.  Our system can control plasma deposition processes using previously known conditions.  It is now proposed that an extended system can be built that can explore the parameter space to find improved operating conditions.  The proposed system can therefore 'design' the fluxes of species towards  surfaces to match the particular process requirements.  Alternative search strategies will be assessed, including contour following, gradient descent, simulated annealing, and genetic algorithms.  The development of our AI controller will enable operation in regions of the parameter space that would otherwise be unfeasible owing to the close control that is needed.  Particular emphasis will be placed on developing software to seek and exploit 'knife-edge' conditions between deposition and etching.  The combination of etching and deposition allows the creation of surface profiles with sub- mm features.




The abstract remains a valid description of the conducted work (tick box)  or
 FORMCHECKBOX 

The abstract requires changes (tick box).
 FORMCHECKBOX 

	New abstract

	

	Web address with further details if you wish:  


BENEFICIARIES

	Intended beneficiaries at time of proposal

	Plasma users will benefit from: (a) improved quality control of surface deposition and etching;

(b) improved plasma process reproducibility; (c) ability to create new surface profiles, enabling new devices to be realised; (d) reduced running costs.

Plasma equipment providers will benefit from: (a) demonstration of the integration of advanced IT in plasma processing equipment; (b) improved quality assurance; (c) flexibility to modify and customise the plasma controller to meet specific needs; (d) 'self-tuning' systems, whereby optimum plasma operating conditions are determined automatically.




The major benefits from the EPSRC supported research involves i) those who have joined the project and ii) the research results.

i)
STAFF EMPLOYED ON THE RESEARCH PROJECT

Details of the staff employed during the course of the project 

	PERSONAL DETAILS
	PROJECT DETAILS

	NAME
	Country of origin  (nationality)
	Gender
	Date of birth
	Qualification gained on project 
	Duration of Appoint-ment
	% of Full Time  Effort

	RESEARCH STAFF
	
	
	
	
	
	

	i) Post Graduate RAs
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ii) Post Doctoral RAs
	
	
	
	
	
	

	Dr Lars Nolle
	Germany
	Male
	29/11/1965
	
	24
	100

	Dr Jafar Al-Kuzee
	United Kingdom
	Male
	27/12/1963
	
	12
	100

	
	
	
	
	
	
	

	iii) Project Studentships
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	TECHNICAL STAFF
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	OTHER STAFF
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Staff Destinations

	NAME
	EMPLOYING ORGANISATION AND ADDRESS
	*EMPLOYMENT TYPE

	Dr Lars Nolle


	Nottingham Trent University, School of Computing & Mathematics

Burton Street

Nottingham

NG1 4BU


	Permanent academic



	Dr Jafar Al-Kuzee


	The Open University, Oxford Research Unit

Foxcombe Hall

Boars Hill

Oxford

OX1 5HR


	Fixed term academic



	
	
	

	
	
	


*  Employment type. Only the following categories should be used: Permanent academic; Fixed term academic; Further Training (excluding Teacher training); Teacher or Teacher training; Private sector Industry; Commerce; Government or other public sector; Other employment; Not employed; Not known/ no response.
ii) RESEARCH RESULTS

(a)
Publications

Please list publications arising principally as a result of the research funded through this grant and indicate the type (journal, conference, book, patent, software, other); whether there was an international or industrial co-author and whether the publication was refereed. Please also indicate the three publications that you consider the most significant.  Please continue on a separate sheet if necessary.
	AUTHOR(S)
	TITLE
	REFERENCE
	TYPE
	Refereed?
	Industrial co‑author?
	International co-author?
	Most significant?

	
	
	Journal/Conf.
	year
	vol.
	page
	
	
	
	
	

	Dr J Al-Kuzee et al
	Intelligent Control of Low Pressure Plasma Processing
	IEEE Industrial Electronics Society Conference (ICON03)
	2003
	
	
	Conference
	(
	
	(
	(

	Dr L Nolle et al
	Automated control of an actively compensated Langmuir probe system using simulated annealing
	Knowledge-Based Systems
	2002
	15
	349-354
	Journal
	(
	
	(
	(

	Dr L Nolle et al
	DARBS: a distributed blackboard system
	Proc ES2001: Research and Development in Intelligent Systems XVIII, M.Bramer, F.Coenen and A.Preece (eds.)
	2001
	
	161-170
	Conference
	(
	
	(
	(

	Dr L Nolle et al
	On step width adaptation in simulated annealing for continuous parameter optimisation
	Lecture Notes in Computer Science
	2001
	2206
	589-598
	Journal
	(
	
	(
	

	Dr L Nolle et al
	Modelling the DC bias in a GEC standard reference reactor using multilayer perceptrons
	7th Int. MENDEL Conf. on Soft Computing, Brno, Czech Republic
	2001
	
	329-334
	Conference
	(
	
	(
	

	Dr KCP Wong et al
	Development of a distributed knowledge-based system
	Int. Conf. on Artificial Intelligence (IC-AI'01), Las Vegas, USA
	2001
	III
	1219-1224
	Conference
	(
	
	(
	

	Dr S Westemeyer et al
	A Heuristic Algorithm for Detecting the State of a Turbo Molecular Pump from its Sound
	8th Int. MENDEL Conf. on Soft Computing, Brno, Czech Republic
	2002
	
	307-312
	Conference
	(
	
	(
	

	Professor NStJ Braithwaite et al
	Control of plasma etching at the atomic scale
	ICPIG, Greifswald (invited paper)
	2003
	
	
	Conference
	(
	
	(
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


(b) 
Other Results from the Research

Please indicate the timescale for potential exploitation (achieved, expected within 3 years, expected within 10 years, none foreseeable in 10 years) and include patent nos., dates, company names and addresses etc. as appropriate, in the ‘details’ and ‘reference’ columns.  

	
	DETAILS
	REFERENCE
	TIMESCALE

	Licences or Patents
	
	
	

	Spin Off Company
	
	
	

	Direct Consultancy
	It is conceivable that intellectual property acquired in this project will be marketable.


	
	Expected (10 Years)

	Industrial Training Courses
	N.St.J. Braithwaite has already incorporated experience from this project in the EPSRC-funded Plasma Technological Training School (PTTS).
	
	Achieved

	Other (please specify)
	
	
	


(c)
Follow-on Support

Please indicate the level of further research support that has arisen principally as a result of the work supported under this grant.  Please do not include any contributions already listed under the section on collaborators on the current project.  

	FUNDING SOURCE
	DETAILS
	SUPPORT (£)

	EPSRC
	
	-

	Other UK Research Council
	
	-

	Other UK Government
	
	-

	UK Industrial
	
	-

	UK Other 
	
	-

	European Commission
	
	-

	Other Industrial
	
	-

	Other Non-Industrial
	
	-


 COLLABORATIONS (as identified in the original proposal)

	Details
	Collaborator 1 : Proposed Details
	Collaborator 1 : Actual Details

	Name of contact
	
	

	Name of collaborating body
	
	

	Address of collaborating body
	
	
	
	

	DIRECT CONTRIBUTION TO RESEARCH PROJECT
	Description
	Value (£)
	Description
	Value (£)

	a. cash
	
	
	
	

	b. equipment/materials/facilities
	
	
	
	

	c. secondment of staff
	
	
	
	

	d. other
	
	
	
	

	Sub-Total
	
	
	
	

	 INDIRECT CONTRIBUTION TO RESEARCH PROJECT
	Description
	Value (£)
	Description
	Value (£)

	a. use of facilities
	
	
	
	

	b. staff time
	
	
	
	

	c. other
	
	
	
	

	Sub-Total
	
	
	
	

	Total Contribution
	
	
	
	

	Please feel free to comment on the nature of the collaboration, particularly where the original collaboration arrangements were modified or extended.

	


	Details
	Collaborator 2 : Proposed Details
	Collaborator 2 : Actual Details

	Name of contact
	
	

	Name of collaborating body
	
	

	Address of collaborating body
	
	
	
	

	DIRECT CONTRIBUTION TO RESEARCH PROJECT
	Description
	Value (£)
	Description
	Value (£)

	a. cash
	
	
	
	

	b. equipment/materials/facilities
	
	
	
	

	c. secondment of staff
	
	
	
	

	d. other
	
	
	
	

	Sub-Total
	
	
	
	

	INDIRECT CONTRIBUTION TO RESEARCH PROJECT
	Description
	Value (£)
	Description
	Value (£)

	a. use of facilities
	
	
	
	

	b. staff time
	
	
	
	

	c. other
	
	
	
	

	Sub-Total
	
	
	
	

	Total Contribution
	
	
	
	

	Please feel free to comment on the nature of the collaboration, particularly where the original collaboration arrangements were modified or extended.

	


Use of Facilities and Services

	Facility or Service
	Details of facility or service used (where appropriate)
	Units Awarded
	Units Used

	
	
	
	


GRANT ADDITIONAL/SPECIFIC CONDITIONS AND INFORMATION

	Additional and Specific Conditions/Information

	SPECIFIC INFORMATION
	

	
	GC10 requires Investigators to disseminate the results of their work to relevant beneficiaries and the general public. EPSRC considers that the widespread use of the World Wide Web (WWW) enables the dissemination of final report information quickly to a very wide audience. Investigators are therefore encouraged to co-operate with any request issued by EPSRC for Investigators to place a summary of their final report on their own web site. Requests will normally be issued three months before the final report due date. This grant has been awarded under the EPSRC Physics Programme. Not withstanding GC13 Right to Monitor the Research Grant, you may be expected to complete monitoring questionnaires and/or reports on this grant and may be required to attend Programme Review Days. PEER REVIEW COMMENTS:  A summary of the advice/comments of the Peer --------------------   Review of this application is attached for your                        information. . This grant is supported through the Technological Plasmas Initative.  A condition of this award is that the grant holder will attend the Technology Plasmas Community meeting.  Details of which will be circulated nearer to the event.

	
	


Signatures:

	Principal Investigator
	Head of Department
	Research Grants Office

	( electronic submission )
	( electronic submission )
	( electronic submission )

	Date:
	Date:
	Date:


COMPLIANCE WITH THE DATA PROTECTION ACT 1998

In accordance with the Data Protection Act 1998, the personal data provided on this form will be processed by EPSRC, and may be held on computerised databases and/or manual files.

This information will be used for administration, management purposes and statutory returns, and contact information may be published on the EPSRC external web site alongside details of grants/awards made. The information may also be made available to organisers of EPSRC related courses/conferences.

The information held will be retained for no longer than necessary.

If you have any queries regarding this statement please contact the Data Protection Officer for EPSRC, telephone 01793/444100.

ADDITIONAL CO-INVESTIGATORS

	Name
	Organisation
	Division or Department

	none
	
	


ADDITIONAL COLLABORATORS

	Name
	Collaborating Body
	Address
	Value (£)

	none
	
	
	


	
	

	Grant Reference: GR/M71039/01
	Project Title:  AUTOMATED OPTIMISATION AND CONTROL OF LOW TEMPERATURE PLASMA PROCESSES



	This sheet is an integral part of the Individual Grant Review Form and should be returned with it.
	Investigator: Professor AA Hopgood 

Institution/Organisation:  Open University



Please note that your self assessment form will be forwarded to the external assessors.  If, in the context of this particular project,

you consider one or more of the assessment criteria “not applicable” please tick the relevant box. Please indicate, in the box provided, your perception of the importance of each assessment criteria in relation to the objectives of the project 

(H=High, M=Medium, L=Low).

	Assessment

Criterion
	Not Applicable


	Unsatisfactory


	Tending to

(

	National

standing


	Tending to

(

	Internationally leading


	
	Relevance to the Project H/M/L

	Research Quality


	
	
	
	
	
	(
	
	High

	Research Planning and Practice
	
	
	
	
	(
	
	
	Medium

	Potential Scientific Impact


	
	
	
	
	
	(
	
	High


	Assessment

Criterion
	Not Applicable


	Unsatisfactory


	Tending to 

(

	Good


	Tending to

(

	Outstanding


	
	Relevance to the Project H/M/L

	Output of Research Staff


	
	
	
	
	(
	
	
	Medium

	Communication of Research Outputs
	
	
	
	
	(
	
	
	High

	Potential Benefits to Society
	
	
	
	
	(
	
	
	Medium

	Cost-effectiveness


	
	
	
	
	
	(
	
	Medium
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	COMPLIANCE WITH THE DATA PROTECTION ACT 1998

In accordance with the Data Protection Act 1998, the personal data provided on this form will be processed by EPSRC, and may be held on computerised database and/or manual files.  Further details may be found in the guidance notes.
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	COMPLIANCE WITH THE DATA PROTECTION ACT 1998

In accordance with the Data Protection Act 1998, the personal data provided on this form will be processed by EPSRC, and may be held on computerised database and/or manual files.  Further details may be found in the guidance notes.



