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DISCLAIMER 

This document was prepared as an account of work sponsored by .the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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SUMMARY 

MEYYA ION SOURCE WORKSHOP 

Lawrence Berkeley Laboratory 

October 21-25, 1991 

Ian Brown 

Lawrence Berkeley Laboratory 

University of California 

Berkeley, CA 94720 

February 1992 

ABSTRACT 

LBL-32157 
UC-000 

A small and informal workshop on Mevva ion sources was held at LBL in October 1991. 
Participants were from LBL Berkeley, ANSTO Australia, and GSI Germany; (ANSTO is the 
Australian Nuclear Science and Technology Organization, Sydney, and GSI is the Gesellschaft 
flir Schwerionenforschung, Darmstadt). Mevva programs are operational at all three 

·o laboratories, and there was a high degree of sharing of information. Detailed discussions were 
held and hands-on involvement with the LBL hardware took place. This report contains a 

n summary prepared by Peter Evans of ANSTO and a technical report prepared by Peter Spaedtke 
·-t ofGSI. 

This work was supported by the U.S. Army Research Office and the Office of Naval Research 
under Contract No. ARO 116-89, and by the Electric Power Research Institute under Award No. 
RP2426-27, through the U.S. Department of Energy under Contract No. DE-AC03-76SF00098. 
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Mevva Ion Source Workshop 

Lawrence Berkeley Laboratory 
University of California 
Berkeley, CA 94720 

October 21-25, 1991 

Participants: 

Lawrence Berkeley Laboratory (LBL): 
Ian Brown 
XiangYao 
Robert MacGill 
Michael Dickinson 

Australian Nuclear Science and Technology Organization (ANSTO): 
David Cohen 
Peter Evans 
Alon Hoffman 
Hans Noorman 
Geoffrey Watt 

Gesellschaft fur Schwerionenforshung (GSI) 
Peter Spaedtke 
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REPORT ON ANSTO-LBL MEVVA ION SOURCE WORKSHOP 

This report presents an overview of a Workshop on Metal V~pour Vacuum Arc 
(MEVVA) Ion Sources held at Lawrence Berkeley Laboratory (LBL), October 
21-25, 1991. Australian participation in this Workshop was made possible 
by a grant under the Bilateral Science and Technology Collaboration 

Program administered by DITAC. The following five staff members of the 
Australian Nuclear Science and Technology Organisation (Ansto), all 

engaged in MEVVA related research, attended the Workshop; P.J. Evans, D.D. 

Cohen, A. Hoffman, J.T. Noorman and G.C. Watt. A full listing of 

attendees is given in Appendix 1. 

During preliminary discussions with Dr I. Brown of LBL on 
the Workshop, it was recognised that the program should be 

the format of 
both flexible 

and provide a reasonable amount of time for "hands-on" involvement. With 
these requirements in mind, the program given in Appendix 2 was drawn up 

and the workshop largely adhered to this plan. 

Originally, the activities of the first four days of the program were to 
have occupied the full five days but during the planning phase Dr Brown 
became aware of a unique opportunity which occurred during the period of 
the MEVVA Workshop. This was a one day meeting with a delegation from 
Advanced Material Processing and Machining Technology Research Association 
(AMMTRA) of Japan. The program for this meeting which was organised by 

Professor N. Cheung of University of California, Berkeley, is included as 
Appendix 3. 

All those participating in the LBL MEVVA Workshop attended the AMMTRA 

meeting and were rewarded by a current overview of the multi-faceted 
Japanese program together with a status report on present research in ion 

implantation and plasma processing at Berkeley. The formal talks were 
followed by a lively round table discussion on "Large Scale Ion Beam 

Processing An Industrial Reality". This discussion provided useful 
insights into the realities and problems associated with developing new 

ion beam technologies for industrial applications and transferring them to 
potential end users. Following the completion of formal proceedings, many 
participants took the opportunity 
on matters of particular interest. 

status of ion beam research both at 

to hold further individual discussions 
This provided useful insights into the 

Berkeley and in Japan. 

Major aspects of MEVVA ion source technology covered in the Workshop were: 

* Ion source design particularly in relation to the ion extraction 
optics; 

* Design and use of time-of-flight diagnostic for charge state analysis 
of MEVVA produced beams; 
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* . Current status of de MEVVA ion source research at LBL; 

* Design and use of plasma guns for thin film deposition; 

* Requirements for both pulsed and de power supplies for MEVVA ion 

sources; 

* Detailed study of MEVVA V design. This model has 18 cathodes and 

produces a 100 mm diameter ion beam; 

* Operation of the MEVVA V implanter at LBL to perform experiments of 
interest to Ansto researchers; and 

* 'fours of several laboratories at LBL to view facilities of relevance 
and interest. These included the Advanced Light Source, a 
synchrotron presently under construction; laboratories in the 
Materials and Chemical Sciences Division (MCSD) which have been 
collaborating with Dr Brown in the testing and analysis of MEVVA 
implanted samples; the Bevalac hign energy, heavy ion accelerator; 
and the high current, negative ion source facility which forms part 
of LBL's Magnetic Fusion Energy Program. 

In depth discussions were also held with Drs P. Hom and K. Yu, who are 
responsible for the MCSD facilities visited. · These covered such topics as 
analysis of treated materials, corrosion and wear testing of implanted 
substrates and possible areas of future collaboration between Ansto and 
LBL. 

Projects which might be suitable for the latter were high dose 
implantation of Al with Fe with the aim of producing Fe/Al alloys in the 

implanted layer and the chemical vapour deposition of diamond films on 
surfaces implanted with selected ions. 

Dr A. Hoffman attended a colloquium by Professor G. Somorjai on "The 
Flexible Surface Correlation Between Reactivity and Structure", and 
subsequently toured the surface science facilities at University of 
California at Berkeley. He also held discussions with staff members there 
on the prospects for metal ion implantation in the field of catalysis. 

It is anticipated that many benefits will be derived from participation in 
the 1st Workshop on MEVVA Ion Source Technology. These are: 

* The performance of Ansto's MEVVA Ion Implantation will be improved 
through application of specific information acquired at the Workshop; 

* The design and construction of a time-of-flight diagnostic for charge 
state analysis will be commenced immediately; 
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* -Based on both design details and operating experience on LBL's MEVVA 

V ion source acquired during this Workshop, the Ansto group will 

commence an assessment of several possible designs for a MEVVA V type 

ion source with the aim of fabricating a broad beam metal ion source 

in the near future; and 

* The development of a de MEVVA ion source was recently commenced by Dr 

Brown and his co-workers at LBL. A prototype source has been built 

and preliminary testing is presently in progress. The results so far 

are most encouraging though considerable development work remains to 

be done. Since this embodiment of the MEVVA principle is 

to have considerable industrial potential, the Ansto 

undertake an assessment of the requirements for this type 
--

perceived 

group will 

of source 

with a view to extending their current program to include the 

development of such a system. 

The Workshop also provided an opportunity to explore and discuss possible 

areas of future collaboration between the Ansto and LBL groups. The 

following topics were identified as ones which could exploit the research 

strengths of the two groups and offered good prospects for mutually 

beneficial, scientific success:-

• high dose implantation of aluminium into iron to investigate the 

possible formation of Al/Fe alloys by this means; 

• deposition of diamond and diamond-like films on implanted surfaces. 

Select implant ions and conditions which are likely to yield modified 

surfaces which will mimic those on which diamond films grow readily; 

• deposition of diamond and diamond-like films on thin films (i.e. 

silicon) which have been deposited onto various substrates (e.g. 

iron) by metal plasma immersion ion implantation. The latter 

technique has recently been developed by Dr Brown and co-workers at 

LBL; and 

• formation of ohmic contacts through the combined use of thin film 

deposition and ion beam mixing. 

CONCLUSIONS 

The Ansto/LBL/GSI Workshop proved to be an excellent forum for the 

exchange of information and ideas on MEVVA ion sources and related 

technology. This primary focus of the Workshop was complemented by a 

number of associated activities which helped place MEVVA ion source 

research within the wider context of ion implantation studies and surface 

engineering. 
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The ·scientifically stimulating atmosphere which prevailed during the 

Workshop also produced a free flow of ideas particularly on possible 

future applications of MEVVA technology. It was recognised that some of 

these ideas could best be pursued as joint Ansto/LBL collaborative 

projects in which full use is made of the respective research strengths of 

each organisation. Several possible topics for collaboration were 

examined in some detail and the feasibility of establishing joint projects 

based on these will be assessed in the next few months. However, the main 

obstacles to such international collaborations at present appear to be in 

the areas of intellectual property rights and bilateral funding. 

As a result of its participation, the Ansto team will be able to further 

develop metal ion implantation research in Australia through both the 

consolidation of existing activities and the commencement of new 

initiatives. These significant benefits highlight the importance of the 

close interaction between researchers which occurs at specialised 

workshops of the type reported herein. It is to be hoped that the 

Australian Government through DITAC continues its funding support for such 

workshops in order to expand and enhance the nation's technology base. 
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Name 
David D Cohen 

Peter J Evans 

Alon Hoffman 

Hans T Noorman 

APPENDIX 1 

MEVVA ION SOURCE WORKSHOP PARTICIPANTS 

10/21/91 --- 10/25/91 
Berkeley, California 

Institution 
Accelerator Applications 
ANSTO 
Lucas Heights Research Laboratory 
New Illawarra Road 
Lucas Heights NSW 
Private Mailbag 1, Menai NSW 2234 

Ion Implantation 
Same as above 

Accelerator Applications 
Same as above 

Ion Implantation 
Same as above 

Geoffrey C Watt Nuclear Instrumentation 
Same as above 

Ian G Brown 

Xiang (Sam) Yao 

Peter Spaedtke 

Bldg 53-013 
Lawrence Berkeley Laboratory 
UC Berkeley 
Berkeley CA 94720 

Bldg 53-002 
Same as above 

GSI, Darmstadt 
Postfach 110552 
61 Darmstadt 
Germany 
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Tel & Fax 
Tel (02) 543-3111 
Fax (02) 543-9265 
Telex AA 24562 

Same as above 

Same as above 

Same as above 

Same as above 

Tel (510) 486-4174 
Fax -4374 
Email IBrown@LBL 

Tel (510) 486-5416 
Email XYao@LBL 

Tel 49-6151-359323 
Fax -359988 
Email ULI3@DDAGSI3 



October 21 -

October 22 -

. October 23 -

October 24 -

October 25 -

am: 

pm: 

all day: 

am: 

APPENDIX 2 

WORKSHOP PROGRAM 

Introductory session presentations by 

representatives of participating laboratories 

Tour of LBL MEVVA laboratory and familiar

isation with facilities 

Formation of specialist groups to work on 

particular aspects of MEVVA ion source 

technology and related hardware 

Review operational aspects of LBL MEVVA ion 

sources and commence planned exp~rimental 

work 

pm: Tours of associated materials testing and 

characterisation facilities at LBL~- Continue 

experimental program 

am: Conclude experimental program and finalise 

all outstanding matters 

pm: Review session - assess progress of Workshop, 

summarise achievements and plan future inter-

actions. 

all day: Meeting with the AMMTRA delegation. 

-6-

• 



0 

. ~ 

10.00-10.30am 
10.30-ll.OOam 
11. 007 11. 30am 

11.30-12.00am 
12.00-12.30pm 

12.30-13.30pm 
13.30-14.00pm 
14.00-14.30pm 
14.30-lS.OOpm 
15.00-16.00pm 

APPENDIX 3 

MEETING WITH THE AMMTRA DELEGATION 
October 25 (Friday) 

Hughes Room, 4th Floor, Cory Hall 
University of California at Berkeley 

Program 

Overview by Professor !sao Yamada (Kyoto Univ) 
Low Energy Deposition by Dr Seiji Seki (Ulvac) 
Multiple Beams Deposition by Mr Ken'ichiro Yamanishi 

(Mitsubishi) 
RFQ MeV Implanter by Mr Yoshimi Hakamata (Hitachi) 
Metal Surface Modification by Dr Yasuaki Sugizaki 

(Kobe Steel) 
Lunch and free discussion 
Implantation with MEVVA by Dr Ian Brown (LBL) 
Implantation Oxidation Studies by Dr Peggy Hou (LBL) 
Plasma Implantation by Professor N Cheung (UCB) 
Round Table Discussion 

"Large Scale Ion Beam Processing - An Industrial Reality?" 

* AMMTRA will host a reception at the Claremont Hotel, Berkeley at 6pm . 
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APPENDIX 3 (Cont) 

Attendees (tentative): 
Professor Isao Yamada (Kyoto University) 
Dr Koji Matsuda (Nissin Electric) 
Dr Seiji Seki (ULVAC) 
Ken'ichiro Yamanishi (Mitsubishi) 
Yashushi Kokubo (JOEL) 
Yoshimi Hakamata (Hitachi) 
Takashi Tagami (Nippon Sheet Glass) 
Dr Yasuaki Sugizaki (Kobe Steel) 
Dr Syuhei Tanaka (Nippon Sheet Glass) 
Makoto Ishizawa (AMMTRA) 
Ken'ichi Nastsui (AMMTRA) 
Nathan Cheung (UC-Berkeley) 
Carey Pico (UC-Berkeley) 
Crid Yu (UC-Berkeley) 
Bill En (UC-Berkeley) 
Erin Jones (UC-Berkeley) 
Michelle Kiang (UC-Berkeley) 
Jiang Tao (UC-Berkeley) 
Ian Brown (LBL) 
Xiang Yao (LBL) 
Peter Spaedte (GSI) 
Peter Evans (Ansto) 
Dayid Cohen (Ansto) 
Alon Hoffman (Ansto) 
Hans Noorman (Ansto) 
Geoffrey Watt (Ansto) 
Peggy Hou (LBL) 
Kin Man Yu (LBL) 
Michael Strathman (Charles Evans & Associates) 
Victor Benveniste (Eaton Corporation) 

where GSI - Gesellschaft fur Schwerionenforschung (German Heavy Ion 
Research Lab, Darmstadt) 

Ansto = Australian Nuclear Science and Technology Organisation 
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(J About Ion Beam Extraction from the 
MEVV A Ion Source 

Introduction 

Peter Spadtke 
GSI Darmstadt 

Extraction from an ion source is very easy, at least in first order. The plasma 
containing chamber has to have a hole and a potential difference has to be 
applied between the source chamber and the surrounding volume. However, 
if there are quality requirements to the ion beam, some more careful design 
1s necessary. 
Two topics will be shown at this workshop which might be useful for the 
optimization of the extraction of the ion beam from the ion source. 
This is the influence of the decel electrode and the influence of the aspect 
ratio (diameter of extraction hole and gap length) on beam quality. Both 
examples will be simulated using the AXCEL-GSI[l] code. 

Influence of Space Charge Compensation on 
Beam Quality 

For the extraction from the MEVVA ion source a normal accel-decel system 
is used. This is necessary because the high current beam (up to Amper's
depending on the extraction system) will suffer from its own space charge 
potential behind the extraction system (the beam will become divergent). 
Secondary electrons can be used to compensate this space charge force. The 
beam produces these secondar.y electrons by collissions with residual gas 
atoms. The seconday ions will be repelled to the vacuum chamber, the 
electrons will be trapped in the space charge potential of the ion beam. As 
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long the negative potential on axis of the decel-electrode is negative enough 
(in the order of the temperature of the secondary electrons), these electrons 
cannot be accelerated to the ion source. 

This effect is demonstrated in fig. 1. A simple accel-decel system is used here 
for the simulation. Extraction voltage is 30 kV, the gap between the source 
outlet electrode and the negative electrode is 4 mm long, the gap between 
the negative and the grounded electrode is 1mm. The diameter of all three 
electrodes is 5 mm. Electrode thickness is 1.5 mm and 1 mm, respectively. 
The extracted ion is 48Ti3+, the current density is 160 mA/cm2. From the 
top to the bottom a voltage of -5.5 kV, -6.0 kV, -6.5 kV and -7.5 kV is applied 
to the negative electrode. All other parameters are kept constant. 
The divergent beam in the first case is the result of the space charge of the 
beam in the drift section behind the extraction. 
The difference between the three other pictures is very small. This is due to 
the fact that the lens effect of the decel-electrode can be neglected. 

Influence of Aspect Ratio on Beam Quality 

It is well known, that the aspect ratio cannot be choosen arbitrarily. This will 
be shown in the following three geometries. In all cases the current density 
has been changed such to get a maximum of current in a certain acceptance. 
Here +I- 20 mrad has been used as divergence limit. This number can 
be used as measure for the beam quality. All other parameter beside the 
extractor hole diameter and the current densities were kept constant. 

j[Aim2] lex [rnA] lace [rnA] 
2800 0.80 0.39 

1 mm hole: 
2900 0.89 0.60 
3000 0.92 0.62 
3100 0.95 0.43 
3200 0.92 0.45 

In the case of the very small aspect ratio (1 mm I 4 mm) the plasma boun
dary remains at the same location by changing the current density. The 
different shapes are due to the different space charge in the extraction sy-

- 10-

I 



u 

1,.: 

stem. Fig. 2 shows the different current densities (increasing current density 
to the bottom). 

j(A/m2
] lex [rnA] lace [rnA] 

1500 7.36 5.19 
1600 7.55 5.72 

3 mm hole: 
1700 8.02 6.47 
1800 8.49 7.17 
1900 8.97 7.43 
2000 9.44 8.31 
2100 9.91 8.09 

In case of th_e 3 mm / 4 mm aspect ratio the movement of the plasma boun
dary can be observed. Going from the lower (j=1500 A/m2

) to the higher 
(j=2100 A/m2) current density the plasma boundary moves already 0.25 mm. 
Fig. 3 shows the result, beginning with low current density in the left top 
plot, continued in the right column. 

j(A/m2
] lex {rnA] lace [rnA] 

1400 23.85 20.00 
1500 25.55 21.50 

5 mm hole: 1550 25.86 22.70 
1600 26.70 2:3.9.5 
1650 27.53 22.64 
1700 27.76 19.38 

Fig. 4 shows the result, beginning with low current density in the left top 
plot, continued in the right column. 

It should be pointed out, that the optimum (matched) current density varies 
for different diameters. 

For multi-aperture extraction systems, the geometrical transparancy factor 
together with the matched current density has to be optimized. 

References 

[1] P. Spadtke, Axcel-GSI, GSI-Report 83-9, (1983) 
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Fig. 1: Influence of space charge compensation on beam divergence. 
Voltage on the screening electrode is -5.5 kV (top, left), -6 kV (bottom, left), 
-6.5 kV (top, right) and -7.5 kV(bottom, right). 

Fig. 2: 1 mm diameter holes, current density from j = 280 rnNcm2 at the top 
to j = 320 rnNcm2 at the bottom with an increment of 10 rnNcm2. 

Fig. 3: 3 mm diameter holes, current density from j = 160 rnNcm2 at the top left 
to j = 180 rnNcm2 at the bottom left, and fromj = 190 rnNcm2 at the top right to 
210 rnNcm2 at the bottom right with an increment of 10 rnNcm2. 

Fig. 4: 5 mm diameter holes, current density from j = 140 rnNcm2 at the top left 
to j = 155 rnNcm2 at the bottom left, and fromj = 160 rnNcm2 at the top right to 
170 rnNcm2 at the bottom right with an increment of 5 rnNcm2. 
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