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PROGRAM

Monday, 6 February

9.00 a.m. Welcome: Chairman

9.05 Professor D. Terrell, Vice-Chancellor, ANU

SESSION 1 Plenary - Chair: J.W. Mayer

9.25 01.001 S. Mantl Compound Formation by Ion Beam Synthesis and a
Comparison with Alternative Methods such as Deposition
and Growth or Wafer Bonding

10.00 01.002 H.H. Andersen Structure, Morphology and Melting Hysteresis of Ion-

Implanted Nanocrystals

10.30 Coffee Break

11.00 01.003 T. Seidel The Role of Ion Implantation and Alternative Techniques in

Future ULSI Processing

SESSION 2 Basic Processes I - Chair: J.A. Davies

11.40 02.001 T. Diaz de la Rubia The Application of Molecular Dynamics Simulation to the
Study of Particle-Solid Interactions

12.10 02.002 J.A. Sprague Molecular Dynamics Simulations of Low-Energy Surface

Mixing Processes

12.25 02.003 J.F. Ziegler Problems and Corrections to Heavy Ion Stopping Theory

12.40 02.004 J. De Wachter Emission Channeling Studies of the Lattice Site of Over-
sized Atoms Implanted in Iron and Nickel

12.55 Lunch Break

SESSION 3 Basic Processes II - Chair: B. King

3.30 03.001 K.-H. Heinig Mechanisms of Ion Beam Synthesis

4.00 03.002 B.X.Liu Metastable Alloys Synthesised by Ion Mixing and Thermo -
dynamic and Kinetic Modelling

4.30 03.003 A. Dunlop Atomic Mixing Induced in Metallic Bilayers by High
Electronic Excitations

4.45 03.004 I.V.Mitchell Characterization of Low Energy Argon Bombarded Si(100)
in Sub-nanometer Scale

5.00 03.005 A. Hallen Radiation Damage Features on Mica Probed by Scanning
Force Microscopy

5.15 03.006 M. Doebeli Defect Production by MeV Cluster Impacts

SESSION 4 Poster Session I:

5.30-7.00 Basic and Low Energy Processes

9.00 Bohmische Meeting



PROGRAM

Tuesday, 7 February

SESSION 5 Low Energy I - Chair: R.W. Bos well

8.30 05.001 J. Ullman Ions as Useful Tools for Carbon Film Deposition and
Modification

9.00 05.002 H.A. Atwater Ion-Surface Interactions as a Tool for Exploration of Very
Low Temperature (< 370°C) Silicon Epitaxy

9.15 05.003 W. Ensinger On the Mechanism of Crystal Growth Orientation of Ion

Beam Assisted Deposited Thin Films

9.30 05.004 T. Weber Surface Treatment by Low Energy Metal Ion Implantation

9.45 05.005 I. Yamada Surface Modifications by Gas Cluster Ion Beams

10.00 Cofiee Break

SESSION 6 Low Energy II - Chair: S.C. Zou

10.30 06.001 J.C. Barbour ECR Plasma-assisted Deposition of A\OXAI£)3

11.00 06.002 C.Charles Pulsed Oxygen and Oxygen/Silane Helicon Diffusion Plasmas

11.15 06.003 G.S. Was Ion Beam Assisted Deposition in the Synthesis and Fracture

of Metal-ceramic Microaminates

11.30 06.004 D. McKenzie High Pressure Phases by Low Energy Ion Implantation

12.00 06.005 H.C. Hoisass Cubic Boron Nitride Formation by Deposition of B+ and N+

Low Energy Ions
12.15 Lunch Break

SESSION 7 Poster Session II:

3.00-4.30 Materials Modification and Techniques

SESSION 8 Point Defects and Damage - Chair: F. Priolo

4.30 08.001 B.G. Svensson Point Defects in MeV Ion-implanted Silicon Studies by Deep

Level Transient Spectroscopy

5.00 08.002 B. Nielsen Defects in Ion Implanted Si Probed with Positrons

5.15 08.003 T. Schmidt Defect Levels in H+ and He+ Bombarded Gallium Arsenide

5.30 08.004 T. Motooka The Role of Defects during Amorphization and Relaxation
Processes in Si

6.00 08.005 M. Watanabe Observation of Damage in Low-dose Ion Implanted Silicon
by TEM in Conjuction with Copper Decoration Technique

6.30-8.30 Barbeque (Old Canberra House)



PROGRAM

Wednesday, 8 February

SESSION 9 Secondary Defects and Transient Diffusion - Chair: J.M. Poate

Ion Damage and Diffusion in Si

A Study of Evolution of Type III (end of range) Dislocation
Annealing Kinetics in Si* Implanted Si

Secondary Defect Formation in Self-Ion Irradiated Silicon

Dislocation Formation and B Transient Diffusion in C Co-
implanted Si

'Transient" Diffusion of Dopant in Preamorphised Si: the
Role of EOR Defects
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D.J. Eaglesham

K.S.Jones

R.D. Goldberg

F.W. Saris

A. Claverie

Coffee Break

Poster Session

Semiconductoi

SESSION 11 Silicon, Si-Ge Annealing - Chair: R.G. Elliman

11.30 11.001 T.E. Haynes Recrystallization Rates during Solid-Phase Epitaxy of
Implant-Amorphized Sii-xG6x Alloys

Recrystallisation of Relaxed SiGe Alloy Layers

The Effect of Strain and Strain-Relaxation on the
Morphology of the Crystalline-Amorphous Interface during
Solid-Phase Epitaxial Crystallisation of Ge implanted Si

lon-Beam-lnduced Modulated Structures in Semiconductors

Ion Beam Induced Epitaxial Crystallization and Interfacial
Amorphization at Amorphous/Crystalline Interfaces in
Germanium
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PROGRAM

Thursday, 9 February

SESSION 12 Silicides - Chair: J.L Whitton

8.30 12.001 H. Bernas Ion Beam-Induced Ostwald Ripening and Silicide Growth in
Silicon

9.00 12.002 K.J. Reeson Electrical, Optical and Materials Properties of Ion Beam
Synthesised (IBS) FeSi2

9.30 12.003 H. Katsumata Optical and Structural Properties of beta-FeSi2 Layers on Si
Fabricated by Triple Ion Implantations and Solid Phase
Epitaxy

9.45 12.004 M. Behar Ion-Beam Induced Simultaneous Epitaxial Growth of a, b,
andg-FeSi2 in Si(100) at 320°C

10.00 12.005 A. Vantomme The Formation and Thermal Stability of lon-Beam-Synthe-
sized Ternary MexFe i-yS2(Me=Co, Ni) on Si(111)

10.15 Coffee Break

SESSION 13 SIMOX, Oxides and Compounds - Chair: J. Gyulai

10.45 13.001 S. Ashok High-dose Oxygen Ion Implanted Heterointerfaces in Silicon

11.15 13.002 S.L Ellingboe Implantation-Induced Defects in the Si Overlayer of SIMOX
Material

11.30 13.003 B. Hollander Ion Beam Synthesis of Strain-Relieved Si i-xGex Layers on
SIMOX

11.45 13.004 S.U. Campisano Silicon on Insulator Produced by Helium Implantation and

Oxidation

12.00 13.005 A. Chayahara Formation of SiC Buried Layer into Si by MeV Implantation

12.15 Lunch Break

SESSION 14 Silicon Devices and Gettering - Chair: M. Takai

2.00 14.001 D.C. Jacobson High Energy Ion Implantation for Silicon Device Processing

2.30 14.002 S.M. Myers Chemical, Electrical and Structural Properties of Cavities in
Si and Ge

3.00 14.003 R. Kogler Proximity Gettering in Silicon by MeV-Implantation of
Isovalent Implants

3.15 14.004 E. Rimini Impurity Effects on Oxygen Precipitation Induced by MeV
Implants in CZ-Silicon

3.30 Coffee Break



Thursday, 9 February

SESSION 15 Optical Materials and Devices: Multilayers - Chair: P.A. Thevenard

4.00 15.001 S. Coffa Material Issues and Device Performances for Si-based
Optoelectronics

Ion Beam Synthesis of Planar Opto-Electronic Devices

Planar and Strip Waveguides in Polymers by Ionizing
Radiation

Ion Beam Mixing in Quantum-Well Structures for
Wavelength Shifted Optical Waveguides

Ion Beam Induced Interdiffusion at the InGaAs/lnAIAs
Interfaces

Parliament House
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M. Iwaki

J.C. Kelly

S.E. Donnelly

S. Roorda

Coffee Break

PROGRAM

Friday, 10 February

SESSION 16 Biomedical Applications and Novel Irradiation Effects - Chair: D.K. Sood

8.30 16.001 K.M.Horn The Use of Low Energy, Ion Induced Nuclear Reactions for
Proton Radiotherapy Applications

Ion Bombardment into Inner Wall Surfaces of Tubes and
their Biomedical Applications

Ion Implantation of Wool

The Effect of Dense and Dilute Collision Cascades on
Helium Bubbles in Metals

Beam-Solid Interactions: Directional Mass Transport by
Momentum Transfer

SESSION 17 Materials Modification - Chair: L. Clapham

10.30 17.001 M. Nastasi Systematic Study of the Ion Beam Mixing of Oxide Markers
into Alumina

11.00 17.002 K. Neubeck Ion Beam Mixing and Radiation Enhanced Diffusion in
Metal/Ceramic Interfaces

Structural Disorder in Co-Doped and Undoped Zirconia

The Substitution ality of Hf in Sapphire by Ion Implantation
and Low Temperature Annealing

Ion Beam Modification of Diamond

Ion Beam Modification of Fullerines

Cross-Sectional Raman Microscopy of MeV Implanted
Diamond

12.45 17.008 G.B. Hoflund Modification of Polyethylene by High-Energy Ar+ Irradiation:
Analysis of Reaction Products and Chemical Bonding
Alterations

1.00 Lunch Break

11.15

11.30

11.45

12.15

12.30

17.003

17.004

17.005

17.006

17.007

N. Bordes

J.G. Marques

R.

L.

D.

Kalish

Palmetshofer

N. Jamieson



Friday, 10 February

SESSION 18 Metals, Equipment and Techniques - Chair: N. Cheung

2.00 18.001 J. Conrad Plasma Source Ion Implantation: History, Successes,
Failures, Challenges and Future Prospects

2.30 18.002 I.G. Brown Synthesis of Unattainable Ion Implantation Profiles -
"Pseudo-Implantation"

2.45 18.003 K.T. Short Nitrogen Plasma Immersion Ion Implantation of a Range of
Steels

3.00 18.004 B.H. Wolf A Mewa Ion Source for Simultaneous Implantation of Gas
and Metal Ions

3.15 18.005 Y. Horino Simultaneous Mass-Separated Positive and Negative Low
Energy Ion Beam Deposition Apparatus

3.30 18.006 B. Stritzker A Combined Apparatus for Magnetron Sputter Coating and
Plasma Immersion Ion Implantation

3.45 Concluding Remarks



Sunday
Monday

Tuesday

Wednesday

Thursday

Friday

5 February 1995
6 February 1995

7 February 1995

8 February 1995

9 February 1995

10 February 1995

GENERAL INFORMATION

Conference Registration Desk

The Registration Desk will be staffed in the foyer of the Manning Clark Theatre
complex, Australian National University during the following times:

2.00 p.m. -8.00 p.m.
7.30 am. - 1.30 p.m.
4.00 p.m. -7.30 p.m.
8.00 a.m. - 1.30 p.m.
4.00 p.m. -7.30 p.m.
8.00 a.m. - 1.30 p.m.
6.00 p.m. -8.00 p.m.
8.00 a.m. - 1.30 p.m.
3.00 p.m. -6.00 p.m.
8.00 a.m. -4.00 p.m.

Conference Telephone Number and Messages

The direct conference telephone number for the 5 - 10th February only is
(06) 249 3905 (international number (61) (6) 249 3905). This number can be
used for messages for participants. Please check at the Registration Desk for
messages.

Oral Sessions

Will be held in the Manning Clark Theatre 1. Speakers are advised that they
may make use of the slide checking room prior to their presentation. Crisp
Room 8 has been allocated for this purpose.

Speakers are advised to keep strictly to the times allocated for their present-
ations as per the Program.

Poster Sessions

Will be held in the Karmel Room, upper floor, University Union building. Poster
times are as follows:

Poster Session I - Session 04

Basic and Low Energy Processes

5.30 - 7.00 p.m., Monday, 6 February

Poster Session II - Session 07

Materials Modification and Techniques

3.00 - 4.30p.m., Tuesday, 7 February



Poster Session III - Session 10

Semiconductors, Defects, Compounds, Devices

10.00- 11.30 a.m., Wednesday, 8 February

Please check the Program to see in which session your poster is to be
presented. Poster boards measuring 2.1m wide x 1m high will be provided.
Velcro dots will be available to secure posters to boards. All poster boards will
display a paper number. Cross check your paper number with the Conference
Book of Abstracts and check poster board layout diagram included in your
conference satchel or at the entrance to the Karmel Room. Posters may be set
up for the whole of the day for presentations from 12.00 noon for Session I on
Monday, 6th and from 8.00 a.m. for Sessions II and III on Tuesday and
Wednesday, 7 and 8th and must be removed by 7.00 p.m.

A bar will operate during the two afternoon poster sessions to provide
complimentary beer, wine and soft drink.

Special Preparation Facilities

Facilities will be available in the manuscript, registration and slide preparation
rooms for:

- photocopying
- preparing overhead projection transparencies (spare transparencies

and pens will be provided)
- computer access (both PC and Macintosh) for revising manuscripts

and written documents
- e-mail facilities (PC-based)
- facsimile

Manuscripts and Proceedings

A special manuscript room, Crisp Room 7, will be available on Sunday and
Monday, 5 and 6 February during registration hours to receive the original
manuscript and two copies, prepared according to the NIM B instruction sheet
(provided with your letter of abstract acceptance). All papers must be delivered
no later than Monday, 6 February.

Papers will be refereed by the standard criteria of NIM B. Papers may either
be accepted for NiM B or for the camera ready part of the proceedings.
Authors will be advised after the refereeing procedure as to the status of their
paper(s).

Laboratory Tours

Organised tours will be provided to the Department of Electronic Materials
Engineering in the Research School of Physical Sciences on Tuesday 7,
Thursday, 9 and Friday, 10 February. Registration for these tours may be
made at the Registration Desk throughout the conference week.



Exhibition

Commercial exhibitors will have displays set up in the Manning Clark Theatre
foyer during the conference. Most morning and afternoon teas will be provided
in the exhibition area.

Social Program

- Conference Dinner

Included in the full registration fee. The conference dinner will be held in the
Great Hall of Parliament House. A shuttle bus service will operate between
Conference Colleges and Hotels to Parliament House between the hours of
6.00 and 7.00 p.m. and return between 11.00 and 12.00 p.m. on Thursday,
9 February. The bus will be identified by a sign clearly marked "IBMM '95". If
you will not be attending the Conference Dinner, please advise the Registration
Desk. If you require a vegetarian meal, you should also advise the Registration
Desk.

- Conference Outing

Included in the full registration fee. For the Wednesday conference outing a
choice of four tours is available. Check your Conference satchel for information
on these tours. Interested persons should indicate their choice of tour at the
Registration Desk. Again, if you will not be attending one of these conference
tours, please advise the Registration Desk.

- Optional Tours

In addition, there will be an accompanying person's program for tours on
Monday afternoon, Tuesday and Thursday. Further information will be
available from the Registration Desk.

Other Information

Name Badges

Name badges should be worn to all program sessions and social events.

Burgmann and Ursula College

Evening meals will be available at both Burgmann and Ursula Colleges for
conference participants. If you wish to avail yourself of this service, you must
indicate to the respective college reception from 8.00 a.m. to 12.30 p.m. of the
day the evening meal is required. This must be paid for separately by
participants.

Participants staying at either Burgmann or Ursula College should note that if
they wish to change the dates of their stay they should advise the Conference
Secretariat (at the Registration Desk). Refunds and/or payments for extra days
are made from the Registration Desk.



Bus Travel from Canberra to Sydney

Greyhound Pioneer Coachlines, (telephone 132030) operate a daily direct
coach service from Canberra to Sydney International Airport which departs
Canberra at 10.00 a.m. and arrives at 2.40 p.m.

International Departure

A departure tax of $25 must be paid in cash when leaving Australia. These tax
stamps can be purchased at any post office or at international airports. Do not
forget to confirm your outgoing international flights at least 72 hours prior to
departure.

Medical Assistance

The nearest medical assistance is at the University Health Centre. A pharmacy
is located in the University Union area, and an all-night pharmacy is in Marcus
Clarke Street adjacent to the campus (see map).

Child-Minding Facilities

Occasional Care child-minding is available at Civic Occasional Care, Marcus
Clarke Street, Civic (adjacent to ANU campus; telephone 248 5697). Hours
are 8.45 a.m. to 4.45 p.m. Monday to Friday and the cost is $24.80 per full day.
All food is to be provided by parents, and bookings are essential and can be
made up to a week in advance.

Car Parking

You are strongly advised to walk to IBMM '95 meetings if you are staying near
the ANU campus, as all-day parking is difficult without an ANU Parking Permit.
However, all-day pay parking is available at the multistorey car park on Marcus
Clarke Street and elsewhere in the city area. Some short-term pay and free
parking is available on the ANU campus.

Driving Licences

Overseas driving licences are recognised throughout Australia. Car rental firms
require overseas visitors to produce either a current overseas licence or an
international licence. Remember to keep to the left-hand side of the road and
that seat belts must be worn at all times.

Personal Insurance

Health care, dental and ambulance services are not free in Australia. A
condition of registration is that IBMM '95, its servants and agents, accept no
responsibility of any nature whatsoever for personal injury, death, or loss or
damage to property of participants, however caused or arising.



Banking and Currency Exchange

Banks in Australia are open from 9.30 a.m. to 4.00 p.m. Monday to Thursday,
and from 9.30 a.m. to 5.00 p.m. on Friday. There are a number of bank
branches located in the precincts of the University Union (see map). Banks are
closed on Saturday and Sunday, although exchange facilities are available at
the international airports and the larger hotels. Some inner city banks offer
extended banking hours.

Telephone Numbers

Woden Valley Hospital 244 2222

Police 11444

Ambulance 249 8133

Emergency (fire/ambulance/police) 000

After-hours pharmacy 249 1919

Telephone interpreter service 249 8555

(after hours 008 251 977)

Taxi 285 9222

Church services on ANU campus 249 4246

Burgmann College 267 5222

Ursula College 279 4300

University House 249 5275

Down Town Speros Motel 249 1388

Kythera Motel 248 7611

Lakeside Hotel 247 6244

Public Telephones

Telephones are available in the precincts of the University Union.

Messages

A message board is located near the Registration Desk for messages and mail.
Please check daily.

Shopping Hours

Most shops are open from 9.00 a.m. to 5.30 p.m. Monday to Friday, and from
9.00 a.m. to 4.00 p.m. on Saturday. Late shopping on Fridays (in Canberra)
extends trading hours to 9.00 p.m. Some shops are open on Sunday from
10.00 a.m. to 4.00 p.m. A post office and large bookshop are located near the
University Union.

Transport to the City and the Campus Bus

Walking to the shopping areas of the city takes 15-20 minutes, or there is a
route 434 bus into the city centre passing by the front of the university colleges.



The fare is $2.00. Bus timetable information (ACTION) is available by
telephoning 207 7611.

A campus bus ('Brian's Bus1) is a half hourly free service operating between
5.15 p.m. and 11.30 p.m. Monday to Friday, to provide secure night-time
transport around ANU and into the city centre. A timetable is available at the
Registration Desk.

Lunch Venues

Meals are available at a range of nearby establishments. These include
campus venues such as the Vivaldi Restaurant, The Gods, the Cellar Bar and
Boffins at University House and the University Union which has a range of
inexpensive food outlets. The central business district of Canberra is adjacent
to the university and has numerous cafes and a range of restaurants. Please
consult the restaurant guide at the Registration Desk.

B.Y.O.

A widespread custom in Australian restaurants is BYO which means 'Bring
Your Own drink'. You should purchase your alcoholic drinks at a hotel, liquor
store or supermarket in advance and take them with you to the BYO restaurant
which will open your bottle for you, and provide glasses, for a small 'corkage'
fee.

Gratuities

Tipping is not widespread or regulated in Australia as it is in some other parts of
the world. Tipping is your prerogative, a reward for service.

T-Shirts etc.

A selection of IBMM '95 T-shirts, caps and so on are on display at the
Registration Desk and will be ordered on a daily basis (for delivery within two
days) upon payment. The staff of the Registration Desk will take orders but
please, not at peak periods of activity.

Publications

A copy of the Book of Abstracts is provided to each registrant. Additional
copies may be purchased from staff at the Registration Desk.



6 February 1995

Session 1

PLENARY

Chair:

J.W, Mayer

Monday

9.25- 11.40 a.m.



AU9716202
01.001

Compound Formation by Ion Beam Synthesis and a Comparison with
Alternative Methods such as Deposition and Growth or Wafer Bonding

S. Mantl
Institute of Thin Film and Ion Technology, Research Center Julich GmbH, D-
52425 Julich, F.R.G.

Epitaxial growth of heterostructures is frequently hampered by incompatible
crystal structures and/or a large lattice mismatch. Standard deposition
techniques are inappropriate for the realisation of such heterostructures with
high quality. This contribution focuses on alternative techniques for the
formation of metal silicon compounds, such as ion beam synthesis, new MBE
methods and wafer bonding. In order to enlight the capabilities of these
techniques also the fabrication of amorphous silicon compounds will be
addressed. Ion beam synthesis allows the fabrication of silicon on insulator (SOI)
structures (e.g. SIMOX process) and buried epitaxial, metallic and
semiconducting silicide layers in single crystalline silicon. Recently, new
deposition techniques, such as molecular beam allotaxy have emerged, which are
also capable of fabricating buried silicide layers in Si(100). A further alternative
technique to obtain such structures is wafer bonding. A detailed comparison of
these three techniques will be made for the system CoSi2 in Si(100), with respect
to growth mechanisms, layer quality and technological aspects. In addition to
SOI substrates, now also epitaxial silicon on metal (SOM) structures are
feasible. These new substrate materials may lead to innovative applications.



AU9716203
01.002

Structure, Morphology and Melting Hysteresis Of Ion-Implanted
Nanocrystals

Hans Henrik
Niels Bohr Institute, University of Copenhagen

Non soluble elements implanted into aluminium single crystals segregate
epitactially as nanocrystals within the matrix. The size of the visible segregates
ranges from 1 nm to 50 nm, a range that may not be covered with other methods
of preparation. Crystallites of Kr, Pb, In, Tl, Bi, and Cd have been investigated
by means of transmission electron microscopy, electron and X-ray diffraction and
ion channeling. The crystallites align with close-packed planes along the <111>
Al planes whether they have their free-crystal structure or the aluminium lattice
forces them into an fee structure. The segregates transform from facetted to
round in the interval 600-650 K whether they are crystalline or melted. Melting
and solidification may be judged from disappearance of moir£ patterns,
diffraction spots and channeling in the crystallites, and shows in all cases
studied a broad temperature hysteresis. The different behaviour of free and
embedded nanocrystals will be discussed.



AU9716204
01.003

The Role of Ion Implantation and Alternative Techniques in Future
ULSI Processing

T. Seidel
SEMATECH, 2706 Montopolis Drive, Austin, Texas, 78741, U.S.A.

Implantation continues to hold a central role in the advancement of silicon
mainstream technology. This review summarizes the directions of the silicon
MOS industry from a "Roadmap" point of view out to beyond 2001. It will focus
on the recent developments in three technology areas, outlining the key results,
needs and application opportunities in: high energy implant (200-2000 keV), low
energy (< 20 keV), and silicon on insulator (SOI).

The high energy technology has enabled the industry to reduce costs through
process simplification, and has - in certain cases - demonstrated improved
performance. The low energy technology results in a challenge to conventional
implantation methodology with non-isotope separated plasma source technology.
The gas induced laser methodology would provide significant process
simplification. SOI technology is an opportunity for both simplification, reduced
chip layout area, and higher performance (lower parasitic capacitance). These
technologies are compared from a point of view of cost, performance and timing
opportunity.
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The Application of Molecular Dynamics Simulation to the Study of
Particle-Solid Interactions

Tomas Diaz de la Rubia
L-268, Lawrence Livermore National Laboratory, Livermore, CA 94550, U.S.A.

We discuss the use of molecular dynamics simulation methods to study the
interaction between energetic particles and solids. We present several examples
of recent work and highlight the differences between displacement cascade
effects in metals, intermetallic compounds, and elemental semiconductors. We
discuss the simulation methodology and introduce the different interatomic
potentials employed, with a critical discussion of their applicability. In metals,
we describe displacement cascades in Cu and Ag at energies up to 30 keV. The
cascade is dominated by the establishment of a thermal spike of several
picoseconds duration. This thermal spike governs the quantity and size-
distribution of the final defect configuration, and results in a vacancy-rich core
surrounded by a cloud of self interstitials and large interstitial loops. The spike
also results in a large amount of atomic rearrangement within its core which
translates into a large amount of atomic mixing within the cascade. In the fee
intermetallic compounds N13AI and CU3AU, the defect number that survives
intracascade recombination is comparable to that found in metals for the same
PKA energy. However, no evidence of large interstitital cluster formation has
been found at the highest energies simulated (10 keV). In silicon, the
displacement cascade results in a distinct primary state of damage. As in the
case of metals, the large local energy deposition results in melting of the cascade
core. However, because of the directional nature of the covalent bonding in
silicon, the rapid solidification of the cascade results in direct intracascade
amorphization. The amorphous volume produced for 5 keV Si on Si cascade
contains ~ 1000 atoms, corresponding to an energy cost of approximately 10
eV/atom. Replacement collision sequence are found to be very short in silicon and
as a result, very few point defects appear as a consequence of the dis-placement
cascade. We show that upon annealing of the damage microstructure at high
temperature for a few nanoseconds, the amorphous pockets recrystallize and
result in the freezing-in in the lattice of vacancies, SIAs and their clusters. We
discuss the effect of the ion mass on defect production and amorphization, and
present results of damage accumulation and cascade overlap for boron and
arsenic irradiations.



AU9716206
02.002

Molecular Dynamics Simulations of Low-Energy Surface Mixing Processes

James A. Sprague1 and Charles M. Gilmore1'2

iCode 6671, Naval Research Laboratory, Washington, DC 20375, U.S.A.
2School of Engineering and Applied Science, The George Washington
University, Washington, DC 20052.U.S.A.

Molecular dynamics simulations of the deposition of fee metals onto fee metal
substrates with particle arrival energies form 0.1 to 40 eV have been performed
using embedded-atom interatomic potentials. Film-substrate atomic mixing
phenomena have been studied as functions of relative atomic size and mass,
relative surface energies, alloy heats of solution, and particle arrival energy,
All these factors are found to interact to produce the interface mixing observed
in the simulations. In particular, the heat of solution between film and
substrate material is found to have a strong effect on the ballistic mixing of 10-
eV film atoms. For increasing particle arrival energy, the importance of the
thermodynamic factors diminishes. For Ni deposition on Au, a low-energy
pathway for interface mixing was observed due to the ability of the undersized
Ni atoms to fit far into the interstices between Au atoms. Many other examples
of interface mixing phenomena will be discussed.



02.003 AU9716207

Problems and Corrections to Heavy Ion Stopping Theory

James F. Ziegrler1 and John A. Sabin2

ilBM-Research, Yorktown, NY, U.S.A.
2University of Florida, Gainesville, FL, U.S.A.

The most sucessful approach to heavy ion stopping powers has been that of
Brandt and Kitagawa. They successfully proposed a new concept of heavy ion
stopping interactions relative to the medium and reduced this concept to
managable approximations which could be easily calculated. This approach is
the most widely used method of calculating general heavy-ion stopping cross-
sections. Our recently completed analysis of experimental heavy-ion stopping
and range measurements indicates a significant systematic error in the
Brandt-Kitagawa approach for heavy ions at the peak of the Bragg stopping
curve. This is the velocity at which the ion approaches a fully stripped
condition. We have reevaluated the Brandt-Kitagawa approach using exact
solutions of Hartree-Fock equations for highly charged atoms. From these
orbital functions, we have determined the ion charge states within solids as a
function of ion velocity. These ion charge state distributions are then expanded
to provide the ion shielding distributions (which separates the local from the
distant stopping interactions). With these new shielding functions
incorporated into the Brandt-Kitagawa theory, general heavy ion stopping
powers can be calculated with an accuracy of better than 5%. These corrections
have now been incorporated into the TRIM program for the calculation of
heavy ion penetration into solids.



02.004 AU9716208

Emission Channeling Studies of the Lattice Site of Oversized Atoms Implanted
in Iron and Nickel

J. De Wächter1. S. Blässer1, H. Hofsäss2, S. Jahn4, G. Langouche1, M.
Lindroos4, H. Pattyn1, M. Restle2, P. Van Duppen4, A. Vantomme1 and U.
WahP
1KU Leuven, Instituut voor Kern- en Stralingsfysica, B-3001 Leuven, Belgium
2Universität Konstanz, Fakultät für Physik, Postf. 5560, D-7550 Konstanz,
Germany
3RU Groningen, NVSF, Nijenborgh 4, NL-9747 AG Groningen, The
Netherlands
4CERN, PPE Div., ISOLDE, CH-1211 Geneve 23, Switzerland

a-emission channeling studies of large atoms implanted in single crystal Fe
and Ni were performed at Isolde, CERN, Geneva. Channeling spectra taken
with a 2 dimensional a-detector show the lattice site occupation of implanted
Fr, At, Po, Ra, and Rn atoms. Simulations using the FLUX program code [1]
are used to precisely determine the lattice site of the implanted species. First
results show that at 90 K, about 50% of the large Fr atoms occupy a
substitutional lattice position in Fe. This high substitutional fraction shows
that for doses < 5xlO12 at/cm2, even large atoms can accomodate in a regular
Fe lattice site. This result rejects the interpretation of lattice site studies that
rely on the solution enthalpy of the implanted atom in the host as the major
indicator for (non)-substitutionality. Non-substitutionality is caused by the
overlap of the collision cascades bringing vacancies in the immediate
neighborhood of the Fr atoms for implantation doses higher than 5xlO12

at/cm2. Implantations in Ni and the behavior of At, Po, Ra and Rn implants
will be discussed in detail.

[1] P.J.M. Smulders and D.O. Boerma, Nucl. Instr. Meth. B 29 (1987) 471.
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Mechanisms of Ion Beam Synthesis

K.-H. Heinigi. H. Bernas2, .M.-O. Ruault2 and S. Reip1

1 Research Center Rossendorf Inc., Institute of Ion Beam Physics and Materials
Research, P.O. Box 51 01 19, D-01237, Dresden, Germany
2CSNSM-IN2P3, 91405 Orsay Campus, France
Ion beam synthesis of buried layers of silicides or dielectrics is known to depend
strongly on such conditions as the incoming ion fluence, flux and temperature.
From the fundamental point of view, ion beam synthesis can be divided into (1)
nucleation and growth, and (2) OSTWALD ripening and coalescence. BOTH
processes (as shown here) occur IN BEAM. We have studied stage 1
experimentally for C0S12 via in situ transmission electron microscopy during 50
keV Co ion implantation. We also performed a computer simulation of the
experiments, based on the LIFSHIFTZ-SLYOSOV-WAGNER theory of
OSTWALD ripening, extended by including a source term (implanted ions) and
the possibility of nucleation events. The computer simulation allows the
identification of the mechanisms controlling the precipitate evolution: Flux
dependent nucleation rate at the initial stage of ion implantation and, later on,
reduced precipitate production due to a precipitate density dependent Co
supersaturation. Post-implantation annealing of a layer of SiO2 precipitates has
been described by OSTWALD ripening of a spatially inhomogeneous system
explaining the experimentally observed multiple layer structuring of implanted
distributions. Finally, we present a new method to produce nano-wires and dots
of CoSi2 based on local melting of Co implanted regions and a subsequent
concentration of Co due to strong segregation during epitaxial resolidification.

Supported by the PROCOPE program1-2 and by the Bundesminster fur Forschung und
Technologie1 through contract 211-5291-03-HE3ROS.
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Metastable Alloys Synthesised by Ion Mixing and Thermodynamic and Kinetic
Modelling

B.X. Liu. Z.J. Zhang, O. Jin and F. Pan
Department of Materials Science and Engineering, Tsinghua University,
Beijing 100084, P.R.China

This paper presents a brief review on ion mixing (IM) synthesis of metastable
alloys with the experimental data so far obtained in about 80 binary metal
systems, including the results in some 15 systems observed very recently by the
authors. (1) Five categories of metastable crystalline (MX) phases have been
obtained, i.e., the previously reported super-saturated solid solutions and the
HCP-I phases in hep- or fec-based alloys, the newly observed FCC-I phases in
hep-based alloys, the HCP-II and FCC-II phases in bee-based alloys. The
growth kinetics of the MX phases is also discussed. (2) The role of interface in
IM induced amorphization was studied for some systems with rather positive
heats of formation (AHf). It was found that IM could produce metallic glass in
a wide composition range by adding sufficient interfaces into the multilayered
films. Concerning the glass forming ability (GFA), the binary metal systems
are classified into three categories of Hardly, Possibly and Readily glass
forming systems. (3) Gibbs free energy diagrams of some systems were
constructed based on Miedema's theory. The calculation included the free
energy curves of all the competing phases, especially of the MX phases. Steady-
state thermal annealing of the multilayered films was conducted and the
results confirmed the calculated energetic sequence of the phases The
formation of the metastable phases upon IM is then discussed by the
constructed diagrams.
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Atomic Mixing Induced in Metallic Bilayers by High Electronic Excitations

R. Leguay1, A. Dunlop1. F. Dunstetter1, N. Lorenzelli1, A. Braslau2, F.
Bridou3, J. Corno3, J. Chevallier4, C. Colliex5, A. Menelle6 and J.L. Rouvière7

laboratoire des Solides Irradiés, CEA/Ecole Polytechnique, 91128 Palaiseau,
France
2Service de physique de l'Etat Condensé, CEA/Saclay, 91191 Gif-sur-Yvette,
France
3Institut d'Optique, Université d'Orsay, 91405 Orsay, France
institute of Physics, University of Aarhus, Denmark
5Laboratoire de Physique des Solides, Université d'Orsay, 91405 Orsay, France
6Laboratoire Léon Brillouin, CEA/Saclay, 91191 Gif-sur-Yvette, France
7Service de Physique des Matériaux et Microstructures, CE A, 38041 Grenoble,
France
It has been recently established that high levels of energy deposition in
electronic excitations can induce damage creation in a few metallic targets as
soon as the rate of energy deposition in electronic excitation is of the order of a
few 10 keV/nm. The present study is aimed at determining whether high
electronic excitations can induce interdiffusion at the interface of metallic
bilayers.

Ni/Ti bilayers were irradiated at 80 K with GeV Ta and U ions up to a few 1013

ions/cm2. Damage creation and mixing were followed using various methods:
electrical resistance, grazing X-ray and neutron reflectometry, X-ray
diffraction, electron microscopy and electron energy loss on transverse cuts. A
very strong mixing is observed at the Ni/Ti interface as a result of high
electronic excitations. The observed mixing efficiency is at least two orders of
magnitude higher than that induced by elastic collisions with target nuclei.



03.004 AU9716212

Characterization of Low Energy Argon Bombarded Si(100) in Sub-nanometre
Scale

L.J. Huangl, W.M. Lau1,1.V. Mitchell2. H.T. Tang2 and W.N. Lennard2

1Surface Science Western and Department of Materials Engineering,
University of Western Ontario, London, Ontario N6A 5B7, Canada
2Department of Physics, University of Western Ontario, London, Ontario N6A
3K7, Canada

The near surface structure of low energy (1 ~ 1.5 keV) argon bombarded Si(100)
was characterized using medium energy ion scattering (MEIS), high
resolution x-ray absorption near-edge structure (XANES) spectroscopy,
extended x-ray absorption fine structure (EXAFS) spectroscopy with
synchrotron radiation, variable energy positron annihilation spectroscopy and
angle resolved x-ray photoemission spectroscopy (ARXPS). The ion induced
defect structure, distribution and redistribution of incorporated argon and
silicon carbide formed during the dynamic mixing process, the
recrystallization of the ion damaged near surface layer are directly and
nondestructively measured and depth-profiled in the sub-nanometre scale.
The results show a comprehensive picture of the near surface structure of low
energy ion interaction with solids and address the capability for direct and
non-destructive characterization of such an interaction in sub-nanometre
scale.



03.005 AU9716213

Radiation Damage Features on Mica Probed by Scanning Force Microscopy

D.D.N. Barlo Daya1, A. Hall^n1. P. Hakanssonl, J.Kopniczkyl, R. PapalSo1,
C.T. Reimann1, B.U.R. Sundqvist1, Y. Le Beyec2 and S. Della-Negra2

iDivision of Ion Physics, Department of Radiation Sciences, Uppsala
University, Box 535, S-751 21 Uppsala, Sweden
2Institut de Physique Nucle"aire, 91406 Orsay, France

The radiation damage tracks on the surface of muscovite mica due to 78.2-MeV
127I ions from the Uppsala EN tandem accelerator have been studied using
tapping mode atomic force microscopy (TM AFM). The irradiations were
performed on freshly-cleaved mica substrates each oriented at a different ion
angle of incidence. The fluence of the ions was 2xlO9 ions/cm2, keeping the
overlapping of the damage tracks at a negligible level. The irradiated samples
were scanned without further cleaving. Conical-shaped hillocks having nearly
circular bases were observed on the sample irradiated at normal incidence.
Scanning the same sample using two other modes (contact mode and non-
contact mode) also produced hillocks, making more confident our conclusion
that the radiation damage tracks were topological hillocks rather than
locations of heightened friction or greater softness. The samples irradiated at
grazing angles of incidence also recorded hillocks, but each hillock was
accompanied by a raised tail over the bulk of the ion track. The tails increase in
length with more grazing ion angle of incidence. The dependencies of hillock
and tail structural parameters on the angle of incidence of the primary ions
are presented. An attempt has been made to model the formation of hillocks
rather than craters. The dE/dx dependencies of the ion track parameters
extracted by AFM imaging of muscovite mica irradiated by different primary
ions (I, Br, S, O) are discussed. The AFM observations of radiation damage on
muscovite mica induced by 18-MeV Coso ions are also reported.



AU9716214
03.006

Defect Production by MeV Cluster Impacts

M. Döbeli1. F. Ames2, R.M. Ender2, P.W. Nebiker*, M. Suter2, H.A. Synal1 and
D. Vetterli2

1 Paul Scherrer Institute c/o ITP HPK, ETH-Hönggerberg, CH-8093 Zurich
2Institute of Particle Physics, ETH-Hönggerberg, CH-8093 Zurich, Switzerland

Monocrystalline silicon has been irradiated by MeV carbon and germanium
clusters (Cn, n = 1, 2, 3, 4, 6, 8 and Gen, n = 1, 2, 3) with fluences up to 3xlO16

atoms per cm2. The energy of the clusters has been varied between 0.4 and 8
MeV. The produced defect concentrations in the first few hundred nm below
the sample surface have been measured by channeling RBS.

By changing the cluster size the total energy deposited along the particle track
can be varied from approx. 1 keV per nm up to 10 keV per nm. It is found that
the swift carbon clusters (for which electronic stopping is clearly dominant)
produce less defects per incident cluster constituent than single carbon atoms
of the same velocity, probably due to an annealing effect. The polyatomic Ge
particles, however, show a strong enhancement of the defect production close
to the sample surface. From the shape of the defect profile a radius of
interaction between the individual tracks of the cluster constituents can be
estimated.

Additional information on the track radii is gained by AFM imaging of
individual tracks caused by large cluster impacts.
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Mechanisms of Focusing in Sputtering: Molecular Dynamics Computer
Simulation Study

V.N. Samoilov1. O.S. Korsakova1, E.L. Rodionova1, A.M. Nikitin2 and V.I.
Bachurin2

Physics Dept., Moscow State University, 117234 Moscow, Russia
2Inst. Microelectron., Rus. Acad. Sci., 150007 Yaroslavl', Russia

Molecular dynamics computer simulation of angular distribution of atoms in
collision cascades penetrating a surface of (001) Ni (only for atoms later
sputtered) showed that for 50-250 eV Ar ion bombardment there were no
expected maxima observed in <011> directions (for 50 eV no atoms were
registered moving in these close-packed directions at all) though distribution of
sputtered atoms was with ejection maxima at their usual places near <011>.
Thus there is strong doubt about contribution of focuson mechanism in
formation of anisotropy of angular distribution of sputtered atoms for low-
energy ion bombardment. Separately mechanism of focusing of sputtered
atoms during a stage of ejection from a lattice site at a surface of (001) Ni and
(111) Cu was studied. We found that drastic redistribution of the flow of atoms
vs. angles of ejection at that stage [1] guaranteed formation of ejection maxima
observed experimentally even for a case of isotropic ejection (maxima were up
to 88-102:1 high). Focusing vs. both polar and azimuthal angles was essential
for such high focusing efficiency. We revealed that the process of ejection was
principally a collective one.

[1] V.N. Samoilov, Bull. Acad. Sci. Rus., Phys. Ser., 1992, v.56, 844-849.
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Model for the Electronic Stopping Power of Channeled Ions in Silicon around
the Stopping Power Maximum

A. Simionescu1. G. Hobler1, S. Bogen2, L. Frey2 and H. Ryssel2

iUniversity of Technology Vienna, GuBhausstraBe 27-29/359-8, A-1040 Vienna,
Austria
2Fraunhofer-Institut fur Integrierte Schaltungen, SchottkystraBe 10, D-91058
Erlangen, Germany

In this work we present a generalisation of Hobler's electronic stopping power
model [1], which is restricted to the velocity proportional regime of Se, in order
to describe electronic stopping of channeled ions also around the stopping
power maximum. By analysing a large number of experimental B profiles in
Si it is found that the ZBL random stopping power is appropriate for energies
around the stopping power maximum, but disagrees with the experimental
results at lower energies. The experimental results indicate that Se ~ E0-5

instead of Se ~ E0-3 7 5 and that the upper limit of the power law regime is
higher than assumed by ZBL. We model the nonlocal fraction of electronic
stopping ~ Se2<l, with q=0.10 instead of EQ as proposed in [1]. In this way good
agreement is also obtained with MeV B channeling implantations including
new <110> channeling profiles, without affecting the good results provided in
the velocity proportional regime of Se by the model described in [1]. For P it is
shown that the value of q determined in [1] is consistent with the new model.
Furthermore, the model is shown to be appropriate to describe measured
channeled He stopping powers.

[1] G. Hobler, H. Potzl, Mater. Res. Soc. Symp. Proc. 279, 165 (1993)
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Electronic Stopping Powers of 80-350 keV 19F Ions in Ta, Nb, Mo, Ti Refractory
Metals and Nio.sFeo.2 Alloy

Chunyu Tan, Yueyuan Xia, Jitian Liu, Xiangdong Liu and Fengxiang Wang
Department of Physics, Shandong University, Jinan, 250100, China

Electronic stopping powers of 80-350 keV 19F in Ta, Nb, Mo, Ti refractory
metals and Nio.sFeo.2 alloy were obtained by range measurement. Depth
profiles of 19F in these materials were measured by 19F(p,ocy)16O resonant
nuclear reaction. A proper deconvolution program was used to extract the
depth distribution parameters from the experimental excitation yield curves.
The total stopping powers were determined by forcing a fit between the
experimentally determined projected range and that calculated with TRIM
program. After subtracting calculated nuclear stopping cross sections, the
electronic stopping cross sections were obtained. The results measured in this
work were compared with those derived by using the Brand-Kitagawa theory.



AU9716218
04.004

Three-Dimensional Damage Distributions in Ion-Irradiated Silicon and
Pyrolytic Graphite, as Revealed by Modified Tomography in Combination with
RBSandNDP

P. Fink and M. Miiller
Hahn-Meitner-Institute, Dept. FD, Glienicker Str. 100, D-14109 Berlin,
Germany

Single crystalline Si wafers were irradiated with 1.4 MeV N2+ ions under
different directions. The corresponding depth profiles of nuclear damage were
determined by conventional RBS in channeling direction. All these damage
distributions were fed into our recently developed modified iojnographic
teconstruction' ('MOTOR') program, by which we could reconstruct the
spatial distribution of nuclear damage. This distribution is twice as broad in
longitudinal, and three times as broad in lateral direction as predicted by
theory (radial TRIM).

We have also studied the influence of collisional damage in pyrolytic graphite
on the 3-D distribution of 2.5 MeV 6Li+ ion implants, by using MOTOR in
combination with neutron depth profiling. The shape of the reconstructed 3-D
Li distribution can be understood as the results of implantation with
subsequent radiation-enhanced mobility in the presence of collisional damage.



AU9716219
04.005

New Fitting Formulas for Simulating Nuclear Stopping Processes

J.H. Liang and K.Y. Liao
Department of Nuclear Engineering, National Tsing Hua University, Hsinchu,
Taiwan 30043, Republic of China

New formulas for the simulation of nuclear stopping process are fitted for the so-
called Universal interatomic potential. In addition to the incident ion energy, a
new impact parameter variable is suggested in the new fitting formulas. Nuclear
stopping up to the third-moment is considered in this work, and the new
formulas were least-squared fitted to the exact solution at an average relative
error of less than 0.2%. With the inclusion of these three moments of nuclear
stopping and these two independent variables, good agreement between
theoretical results and experimental data in the projected ranges of bismuth ions
in silicon has been demonstrated.



AU9716220
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Measurement of Helium Implantation Profiles by SIMS

A.K. Tyagi, K.G.M. Nair. K. Krishan
Materials Science Division, Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu, India

Several techniques have been employed for depth profiling of helium in metals,
the most prominent ones being nuclear reaction analysis, proton
backscattering, elastic recoil detection and Secondary ion mass spectrometry
(SIMS). Amongst them, SIMS in general has the advantage of hight
sensitivity, wide dynamic range and excellent depth resolution. However,
helium does not form negative ions and has highest ionization potential (24.58
eV) making it the least sensitive positive atomic ion for measurement by SIMS.
In this paper, we propose detection of CsHe+ molecular ions under
bombardment of Cs+ primary ions as a scheme for the depth profile analysis of
helium in metals by SIMS. The experimental results on an Al-Mn alloy are
presented. Samples of Al-40%Mn alloy were irradiated with helium ions of
energies 50, 100 and 140 keV at room temperature at a vacuum of 106 mbar to
doses in the range of 5xlO16 to 2xlO17 ions/cm2. SIMS analysis were performed
in a CAMECA IMS-4F using either 10 keV Cs+ or 15 keV C>2+ primary ion
beam and monitoring CsHe+ molecular ions or He+ atomic ions as the
secondary ions. Helium concentrations down to about 100 ppm were
measured. The depth profiles obtained using detection of CsHe+ cluster ions
and He+ are compared and discussed. The measured implantation profiles are
also compared with the profiles obtained using the Monte Carlo code TRIM.
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Reviewing High Energy Implantation: Range Distributions of 1 - 10 MeV
B, P, As and Sb Ions in Silicon

J.P. Biersack*. W.-C. Jung2, Li Gong2, L. Frey2, W. Skorupa3

1Hahn-Meitner-Institute Berlin, Glienicker Str. 100, 14109 Berlin, Germany
2Fraunhofer Institut fur integrierte Schaltungen, Artilleriestr. 12, 91052
Erlangen, Germany
3Forschungszentrum Rossendorf, Postfach 510119, 01314 Dresden, Germany

Range profiles of various high energy dopant implants in silicon have been
measured by SIMS, SR, NRA and RBS. The ions were implanted with energies
between 1 and 10 MeV at a tilt angle of 7° from the < 100 > axis and various
angles of rotation. The applied doses was of the order of 1013 •15/cm2. For
spreading resistance depth profiling, the samples were thermally annealed
(furnace or RTA). Antimony implantation was partly performed in
preamorphized Si wafers and analyzed by RBS. The results indicated that
channeling tails could not be completely avoided in crystalline targets despite tilt
and rotation. The experimental data were compared to TRIM and PRAL
predictions which used ZBL potentials and electronic stopping powers. In the
cases of B, P and As implantation, the agreement was satisfactory, while in the
case of Sb implantation, discrepancies of 10% occurred at the highest energies;
this 10% error appears not too bad when considering the fact that the present
measurements on Sb implantations are the first ones in this energy regime, i.e.
no experimental data were previously available to check the "semi-empirical"
ZBL stopping powers before. Of course, we provide here a suggestion for a
satisfactory improvement in this case, by correcting one of the semi-empirical
parameters in the SCOEF.DAT file which is used in the TRIM and PRAL
programs. Some systematic discrepancies between different depth profiling
methods were noticed, but are not yet completely understood.
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Stopping Power of He Ions in the <100> Axial Channel of Si Crystals
Measured between 380 keV and 4 MeV

J.H.R. dos Santos1, H. Boudinov1, P.L. Grande1, M. Behar1. R. Stoll2, Chr.
Klatt2 and S. Kalbitzer2

ilnstituto de Física, UFRGS, Caixa Postal 15051, 9150-970 Porto Alegre, RS,
Brasil
2Max-Planck-Institut für Kernphysik, P.O.B. 103980, D-6929 Heidelberg,
Germany

This contribution presents measurements and calculations of the stopping power
of He++ ions channeled through the <100> Si direction with energy ranging
between 380 keV and 4 MeV. For this sake we have used a SIMOX sample
consisting of 180 nm of single crystal Si on top of a buried layer of 500 nm SiO2
built into Si <100> wafer. The measurements were carried out using the
Rutherford backscattering technique. Despite several drawbacks, this method
provides the advantage of being independent of the determination of the
thickness of the Si film. Our results show that the stopping power in the (100)
channel direction has a broad maximum of 32 eV/À around 500 keV and then
steadily decreases down to 8 eV/A at 4 MeV. On the other side the ratio a
between the channel and random stopping power follows the same tendency,
with a maximum of a = 0.93 at around 500 keV going down to a value a = 0.55
for 4 MeV. First order Born calculations of the mean energy loss depending on
the impact parameter were performed to estimate the electronic loss in channel
direction. Preliminary results show fairly good agreement with the experimental
data.
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Range Parameters Study of Pb, Bi and Au Implanted into GaAs Crystals
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Recent experimental results of light ions implanted into GaAs crystals have
shown that the obtained range parameters (Rp and ARp) are at variance with
those calculated by the Ziegler, Biersack and Littmark (ZBL) theory. In order to
check if this is a general tendency, we have undertaken a systematic range
study in GaAs. With this aim Pb, Bi and Au ions have been implanted into
GaAs in a 20-200 keV energy range. The depth profiles were analyzed through
the Rutherford backscattering technique using 800 keV a particles. Then, the
extracted Rp and ARp parameters were compared with ZBL calculations.
Analysis of the results shows that for Bi and Au a theoretical-experimental
agreement of better than 4% was achieved. Instead for the Pb case the
theoretical estimations are on average 10% higher than the experimental
results. Further work is in progress where other ions are implanted into GaAs
targets.
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Depth Profiling of 27A1+ Implanted Samples by NRA

M. Haves1. E. Friedland1, .S. Kalbitzer2

1Department of Physics, University of Pretoria, Pretoria 0002, South Africa
2Max-Planck-Institut Fur Kernphysik, Postfach 103980, D-6900 Heidelberg,
Germany

Silicon, gallium arsenide and magnesium single crystals as well as poly-
crystalline stainless steel were implanted with 150 keV 27A1+ ions with fluences
ranging from of 2xlO16 to 5xlO16 ions/cm2 at liquid nitrogen and room
temperatures. Depth profiles were determined by detecting the 10.76 MeV
photons from the 12.54 MeV to 1.78 MeV exited level transition in the 0.992 MeV
resonance of the 27Al(p,y)28Si reaction. The results of a four-moment analysis
are compared with TRIM-calculations using the 1991 code after correcting for
proton energy straggling as the main source of experimental broadening.
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Patterns of Energy Dissipation in 3D fee Lattices after Ion Impact

P. Guam. D.R. McKenzie and B.A. Pailthorpe
School of Physics, University of Sydney, Broadway, NSW 2006, Australia

Molecular dynamics simulations of the energy dissipation of the incident atom
after impacting onto a 3D fee lattice with energies in the range 1.6 eV to 3 keV
were performed. The interactions between atoms were described using the
Lennard-Jones potential parameterized for copper. The impacting directions
were <100> and <101>. The results show that in low energy range, of a few eV,
the energy of the impacting atom was dissipated via focussed collision sequences
(focusons). With increasing energy, cascading bow waves were generated in the
close packed plane and began to carry away the energy of focusons. While in the
high energy range, of a few keV, most of the energy was confined to the lower
index (100) or (110) planes. The structure of these planes was disrupted by
secondary focusons generated in these planes. Backward focusons were observed
in the low energy impact case and appeared to be the main reason for the
reflection of the impacting ion.
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Charge-State-Dependent Stopping Power and Straggling of Heavy Ions
in Solids

Q, Y&ng> D.J. O'Connor and R.J. MacDonald
Department of Physics, The University of Newcastle, NSW 2308, Australia

The stopping power and straggling of energetic ions passing through matter has
been described in a charge-state description including charge exchange effects. It
is essential that the charge-state-dependent stopping power and energy
straggling can be well described. In the frame of the linear dielectric function
theory, the effective charges for the stopping power and straggling of ions with a
frozen-charge-state have been formulated based on the Brandt-Kitagawa
statistical model. In addition, the stopping power of high velocity ions with a few
bound electrons has been available in the Bethe velocity regime. Experimental
results on the charge-state-dependent stopping power for various ion/target
system at different ion energies have been available. Discussion and comparison
between models and with experimental results are presented.
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Capture and Loss of Valence Electrons in Low-Energy Proton-Surface
Scattering

R. Souda. K. Yamamoto, W. Hayami, T. Aizawa, S. Otani, and Y. Ishizawa
National Institute for Research in Inorganic Materials, 1-1 Namiki, Tsukuba,
Ibaraki 305, Japan

The mechanism of charge exchange and electronic excitation during low-
energy (10 eV<E0<l keV) proton-surface scattering has been investigated from
a combination of experiments and molecular-orbital energy calculations. It is
found that a variety of electronic transitions are mediated by the diabatic
molecular orbitals during the violent collision or the short-lived chemisorption
state of hydrogen at a surface. In contradiction to the generally held belief that
an electron is captured mainly via the Auger process, it is concluded that
resonant tunneling plays an important role in neutralization of proton as well
as negative ionization of hydrogen. The valence electrons are captured
resonantly due to hybridization of the 1 s orbital with the valence-band orbital,
which is basically caused by the open-shell structure of hydrogen and may not
occur for rare-gas ions such as helium. The yields of positively and negatively
charged hydrogen are dependent on the species of target elements and
apparently correlated to the electron negativity difference between hydrogen
and the target. The valence electrons can be promoted along the diabatic
molecular orbital, which results in electron-hole pair excitation of a surface or
reionization of neutralized proton.
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Coulomb Explosion Effect in Si and SiO2 Samples Irradiated with Ions of
Moderate Energy

S.A. Fedotov1. M. Ishimaru1, Y. Hiroyama1 and T. Motooka1 and A.M.
Zaitsev2

1Dept. of Materials Science and Engineering, Kyushu University, Hakozaki,
Fukuoka 812, Japan
2LG Bauelemente, University of Hagen, Haldener Str. 182, 58084 Hagen,
Germany

The aim of the presented report is the study of the lower energy threshold of the
Coulomb explosion defect production mechanism. Possibility of this
mechanism for relatively low ion energy (of several tens of keV/nucleon) has
been shown theoretically. The results of the following experiments have been
used to prove the theory: 4.0 MeV P ion irradiation of Si with a dose of 1x1014

cm2 (carried out by the authors) and 4.0 MeV Xe ion irradiation of SiC>2 with a
dose of 3xlO15 cm"2 (see Ref. [1]). Appearance of high temperature stable defects
(more than 900 °C) in case of Si and a dramatic change of morphology of target
in case of SiC*2 lead to a conclusion that the observed effects are attributed to
extended defect clusters. The formation of these clusters cannot be explained
by the ordinary mechanism of ion-atom collisions, since the ion doses are not
high enough to provide the secondary defect formation characteristic for high
intensive ion irradiation. The damage depth distributions calculated on the
basis of the Coulomb explosion approach are in a good agreement with the
cross-section TEM measurement carried out on Si and the results of [1].

[1] E. Snoeks, A. Cacciato, J.H. Shin and A. Polman, Abstracts of the X
International Conference on Ion Implantation Technology (Catania,
Italy, 13-14 June 1994), P-3.13.
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Stopping Powers of 0.2-1.0 MeV/u Heavy Ions (Z=8-29) in Carbon

Shvam Kumar1. S.K. Sharma1, N. Nath1, A.P. Pathak2, V. Hari Kumar2 and
D.K. AvasthiS
1Physics Department, Kurukshetra University, Kurukshetra-132 119, India
2School of Physics, Central University, Hyderabad-500134, India
3Nuclear Science Centre, P.O.Box 10502, New Delhi-110067, India

With the increasing use of heavy ions in the various fields of material physics,
the subject of the stopping power of heavy ions penetrating different materials
has assumed significance in view of the limited experimental data. In the
present work, a novel technique using secondary forward recoil ions generated
in thin targets by energetic very heavy primary ions (89 Mev I and 110 MeV
Au) have been employed to measure the stopping power of several ion species
e.g. O, Al, Ti, Fe, Cu, covering energies between 0.2 to 1.0 MeV/u in carbon
absorber. Energy variation was simply affected by changing the detector angle
in the range 35° to 70° with respect to incident beam. The dominant elastic
scattering of primary ions was thus avoided. A twin detector assembly
permitted simultaneous measurement of both unabsorbed and absorbed
spectra. The experimental results of the stopping power are compared with the
calculated values using LSS theory, Varelas-Biersack approximation and
TRIM, in order to have a better understanding about the validity of available
theoretical formulations.
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A Comparison of XPS Measurements and Computer Simulations of High Dose
Low Energy Nitrogen Implantation in Al

S.O. Saied and Z. Wronski
Department of Electronic Engineering and Applied Physics, Aston University,
Birmingham, United Kingdom

High dose low energy ion beam bombardment is used extensively in surface
analysis for contamination layer removal and depth profiling in techniques
such as Auger electron or X-ray photoelectron spectroscopy, or as primary
beam in ion scattering spectroscopy and secondary ion mass spectrometry.
Other applications include ion cleaning and conditioning, sputter deposition,
semiconductor doping and lithographic pattern creation.

It is well known that such ion bombardment used in depth-profiling analysis
will introduce distortion in the measured profile. In this paper the
concentration profile of 2 keV nitrogen ions implanted at a high dose into
aluminium, measured between successive periods of argon ion bombardment
by means of X-ray photoelectron spectroscopy, is compared with generated
Monte-Carlo computer simulation profiles. The influence of collisional atomic
mixing and ion-bombardment-induced segregation on the distortion of the
measured depth profile of implanted ions is discussed.

The results of the nitrogen concentration depth profile measurements in
comparisons with the calculations were found to be in reasonable agreement
over the majority of the profile. The profiling was performed using 2 keV Ar
ion beam and for such an energy of Ar+ ions, the penetration depth is
comparable with that of implanted nitrogen. In this case the influence of
atomic mixing and preferential sputtering must be very significant. The
atomic mixing which is connected with build-up of the collisional cascade, is a
fundamental contribution to the broadening of the depth profile. Preferential
sputtering is responsible for the change of the composition of the surface layer
of a multicomponent system due to the different atomic sputtering yields and is
responsible for significantly lowering the measured concentration (in
comparison with the "true" profile) of nitrogen in the near surface layer. The
disagreement between the experimental and the calculated profile in the tail of
profiles may arise from the diffusion of nitrogen in aluminium which is not
taken into account in computer simulations.
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Range Straggling of H and 2H in Crystalline Matrices

S.T. Nakagawa1. R.G. Wilson2, H. Saito1, L. Thome"3 and C. Clerc3
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2Hughes Research Laboratories, Malibu, California 90265, U.S.A.
3Centre de Spectrometrie Nucle'aire et de Spectrome'trie de Masse, Bat. 108,
IN2P3-CNRS, F-91405 Orsay-Campus, France

The present work deals with the matrix dependence of the range straggling of H
and 2H into III-V crystals (e.g., GaAs, InP, or GaP). Results of computer
simulation using the ACOCT code are compared with experimental results
obtained by SIMS and ERDA. At ion energies less than 200 keV the straggling
as well as the stopping power are due to a mixture of electronic and nuclear
contributions. In our computer simulations, the nuclear stopping is calculated
with interatomic potentials derived from first principles and the electronic
stopping is taken into account with the local density approximation based on the
Lindhard-Winther model. The range profiles, including first and second
moments, are well reproduced by the present calculations. The correlation found
with the values obtained for the range straggling and the matrix considered in
the study is examined.
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Shell Structure Potential for Strained Layer Superlattices Studies

V. Hari Kumar and A.P. Pathak
School of Physics, University of Hyderabad, Hyderabad - 500134, India

Strain Layer Superlattices (SLS) consist of alternating layer structures with a
slight lattice mismatch, so that for sufficiently thin layers, no misfit defects or
dislocations are generated. The Catastrophic Dechanneling Resonance [CDR]
and Resonance Channeling phenomena are some of those used for probing
important properties of SLS. CDR occurs when the path length per layer (s) of
a SLS matches with the half wave length of planar channeled ion beam, i.e. 1/2
= s. Recently we have used Shell model charge densities and successfully
reproduced z\ oscillations in electronic energy loss of channeled ions.
Corresponding Shell model continuum potentials were also derived. Planar
channeling radiation frequencies emitted in silicon from electrons and
positrons were calculated using Shell planar potential and compared well with
experimental results. The Shell potential is free from statistical nature and it
takes into account the Shell structure of target material. This gave us the
motivation to study the properties of SLS using Shell model continuum
potential. We have taken GaAsxPi-x/GaP superlattice as our target and 4He
ion beam as the probe. Preliminary calculations on the dependence of CDR on
various parameters like incident energy and angle etc... gave good agreement
with experimental results. This shows the effectiveness of Shell model
potential and its applications in defect studies in SLS which we plan to
undertake shortly.
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Mechanisms of (100) Si Vicinal Surface Evolution at Low-Energy Ion-Beam
Etching

A.V. Dvurechenskii1. K.-H. Heinig2, A.F. Faizullina1, D. Stock3 and V.A.
Zinovyev*
ilnstitute of Semiconductor Physics, 630090 Novosibirsk, Russia
2Research Center Rossendorf, Inc., D-01314 Dresden, Germany
3Friedrich Schiller University, D-07743 Jena, Germany

Our modelling have shown that low-energy heavy ions produce surface
vacancies arranged in clusters mainly of monolayer deep (one cluster for each
ion), a few sputtered atoms as well as atoms exited in adatom positions. For
adjacent terraces on anisotropic vicinal Si surface separated by single-height
SA and SB steps the kinetics of the vacancy/adatom interaction have been
described by coupled reaction-diffusion equations [1]. The layer-by-layer ion-
beam etching could be controlled by two mechanisms. One of the mechanism
is the result of the step's flow at low energy ion-beam irradiation and
sputtering. The other way of the surface etching is the overlapping of the
immobile vacancy clusters of the monolayer deep. The aim of the present
report is the investigation of transition from one mechanism to another vs the
substrate temperature, ion-beam density j , misorientation angle of (100) Si
surface. We suggested that the adatom mobility is much higher as compared
with surface vacancy one. The critical temperature Tc of transition from one
mechanism to another was found to increase as j goes up. The relationship
between Tc, j , terrace's width and adatom's lifetime was obtained.

[1] V.A. Zinovyev, L.N. Aleksandrov, A.V. Dvurechenskii, K.-H. Heinig, D.
Stock. Thin Solid Films, 241 (1994) 167.
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Hie Method of Discrete Streams in the Sputtering Theory

Alexander I. Tolmachev
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Moscow, 105179, Russia

It is demonstrated that the method of discrete streams is a much more suitable
mathematical tool for the approximate solution of the Boltzmann equation in the
sputtering theory than the usually applied method of angular moments. This
method allows us to avoid the problem of negative distribution function, arising in
the method of angular moments.

The analytical formula for the energy distribution of sputtered atoms is deduced
as a result of the approximate solution of two Boltzmann equations by the method
of discrete streams. The formula is valid in a wide range of ion energies, for
arbitrary energies ratios of atom to ion masses [1, 2]. In the particular case of self
sputtering and low recoil energies the theory is reduced to the Waldeer-Urbassek
theory [3].

[1] A.I. Tolmachev, Nucl. Instr. and Meth. B 83 (1993) 479.
[2] A.I. Tolmachev, Nucl. Instr. and Meth. B, in press.
[3] K.T. Waldeer and H.M. Urbassek, Appl. Phys. A 45 (1988) 207.
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Compositional Change and Damage Formation due to Sputtering Studied by
Medium Energy Ion Scattering Spectroscopy

Dae Won Moon1. Hyun Kyung Kim1, Jae Chul Lee2 and Hee Jae Kang2
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2Department of Physics, Chungbuk University, Cheongju, Chungbuk, Korea

A Medium Energy Ion Scattering Spectroscopy (MEIS) system was constructed
at KRISS which has the depth resolution of better than 10 A. With the MEIS
system, the altered surface layers and sub-surface layers of amorphous Ta2Os
thin films due to Ar+ ion bombardment was depth profiled as a function of the
ion incidence angle, the ion energy, the primary ion species, and the ion dose.
In addition to these results, the defect formation process of Si (100) surfaces by
sputtering and thermal annealing process studied by channeling experiments
in MEIS will be also discussed. The above MEIS experimental results are
compared with XPS results in good agreements, as well as with the Monte
Carlo Simulations.
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Sputtering of C113AU Crystal

F. Zhang. B.V. King, D.J. O'Connor and R.J. MacDonald
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Australia

The ion-bombardment-induced redistribution of the composition of the near
surface region of CU3AU single crystal has been studied. The binary alloy has
been sputtered with 2 keV Ar+ ions, and Au and Cu concentration profiles
were determined by ion scattering spectrometry. It was found that after
sputtering to a dose of about 1017 ions/cm2 at room temperature, a steady state
is reached. The concentration of Au enriches at the surface, depletes near the
surface and increases gradually with depth to that of the bulk. This behaviour
can be modelled by a combination of preferential sputtering, radiation induced
surface segregation and radiation enhanced diffusion.
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Correlation between Sputtering Yield and Titanium Nitride Film Growth in
Ion Beam Assisted Deposition and Post Irradiation Processes

Kvung-voul Min. Yosuke Suzuki, Masahiko Inoue and Ryuichi Shimizu
Department of Applied Physics, Osaka University, Suita, Osaka 565, Japan

To examine how the composition ratio, Ti/N, controls the epitaxial growth of
TiN film by ion beam assisted deposition (IBAD) and post irradiation1, we have
attached a new ion scattering spectroscopy (ISS) facility to the ion assisted
surface modification (ISAM) apparatus reported elsewhere1. This system
enabled both the crystallographic structure and composition of the top most
atomic layer of TiN film under IBAD and post irradiation processing to be
characterized simultaneously.

In the present work, we used a
mixed ion beam of N2"1" and He+

ions as a primary ion beam, N2+

ions for TiN film growth and He+

ions for ISS-signals, respectively.
A quartz crystal oscillator was also
used as substrate to measure the
sputtering yield, revealing that the
sputtering yield significantly
related to the ion dose in post
irradiation process.

D u o p I a s m a t r o n
Ion source

The investigations on the
correlation among sputtering
yield, top most surface composition
and crystallographic structure
will be presented.

Evaporator
(E-B type)

Electron gun for RHEED

RHEED
Screen

Substrate
(quartz crystal oscillator)

Schamatlc Diagram of Apparatus

[1] K. Min, M. Tarutani, M. Inoue and R. Shimizu, Jpn. J. Appl. Phys. 33
3566(1993)
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Correlation between Energy Distribution of Sputtered Atoms and
Topmost Composition of Alloy Surface Studied by Simultaneous SNMS-
ISS Measurement

Tatsuya Asahata, Shinta Kunitomo and Ryuichi Shimizu
Department of Applied Physics, Faculty of Engineering, Osaka University,
Suita, Osaka 565, Japan

Precise measurement of energy distribution of sputtered atoms provides
important knowledge on the surface binding energy. Extension of this approach
to an alloy, however, requires another precise knowledge on the composition of
the topmost atomic layer on the alloy surface under ion bombardment because
ion bombardment causes an altered layer on the surface, the composition of
which is quite often different from the original bulk composition.

For this we have developed a novel SNMS-ISS apparatus which enables energy
distribution of sputtered atoms and the composition of topmost atomic layer to
be measured simultaneously. We have applied this technique to Cu-Pt alloy
system. The result has clearly indicated that the ratio of the spot size of an ion
probe to the width of the laser beam is a clue for the precise measurement of the
energy distribution.

The energy distribution of Cu and Pt atoms sputtered from Cu-Pt alloy are
discussed in correlation with the composition of the topmost atomic layer.
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Topography Development at Phase Boundaries of Multicomponent Materials
during Ion Bombardment

Wolfgang Hauffe and Uwe Heydenreich
Department of Physics, Technical University of Dresden, Mommsenstr. 13, D-
01062 Dresden, Germany

The applicability of an earlier developed model for topography development at
grain boundaries of polycrystalline metals during ion bombardment has been
tested for describing the sputtering effects at phase boundaries of
heterogeneous substances. For this purpose samples with well defined phase
boundaries concerning material, shape and structure were bombarded with 10
keV krypton ions in selected directions. The generation and development of
facets and slope areas at phase boundaries were observed after different
bombardment intervals. Some of the bombardment experiments were carried
out in-situ in the scanning electron microscope. Generally the development of
topographical structures and the measured displacement velocities of the
surface elements were found to be analogous to our earlier observations at
grain boundaries of homogeneous materials. In addition, now the differences
in the sputtering yields resulting from different materials have to be taken into
consideration. The experiments have been extended to various kinds of
material combinations including metals, semiconductors, ceramics and
polymer composites.
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Sputtering of Cu Thin Films on Ru(0001) by Ne+ Ion Bombardment

Y.G. Shen. D.J. O'Connor and R.J. MacDonald
Department of Physics, University of Newcastle, Newcastle, NSW 2308,
Australia

Ne+ ion induced sputtering cross sections for Cu thin films (< 2 ML) on
Ru(0001) have been measured by bombardment with keV Ne+ ions. The
accurate calibration of the Cu coverage was carried out by Auger electron
spectroscopy (AES) and low energy electron diffraction (LEED). Decreases in
surface Cu as a function of ion dose were monitored for various Cu coverages
by LEIS measurement. At 1 ML of Cu coverage, the sputtering cross section
was measured to be s ~ 5.1xlO15 ions/cm2, or a sputtering yield S of ~ 3.2 at 2
keV. Application of binary collision sputtering models indicates that the
dominant Cu removal mechanism is knock-off by impinging or reflected Ne+
ions. This Cu/Ru(0001) system is also modelled using TRIM code.
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Ion Mixing with MeV Beams: A Case Study in Sn-Si System

A. Bhagwat1. V.D. Vanka2, .D. Kabiraj1 and G. Kuri3
1Nuclear Science Centre, PO Box 10502, Aruna Asaf Ali Marg, New Delhi
110067, India
2Dept. of Physics, Indian Institute of Technology, Haus Khas, New Delhi 110016,
India
3Ion Beam Laboratory, Institute of Physics, Sachivalay Marg, Bhubaneshwar
751005, India
Silicide formation with keV ion beam mixing has been investigated for over a
decade. Ion mixing with MeV beams appear to have some distinct advantage
over the keV beam mixing process : mainly that the energy deposited within the
interface is well defined with less lateral straggling. We have utilised this useful
feature and have carried out MeV beam mixing in several metal-Si composites.
This method has given us a unique way to study in details the kinetics of silicide
formation and we report here a few results in the context of Sn-Si system.

Thin films of Sn were first deposited on Si substrates, and then irradiated with
50 MeV 28Si ions at various doses. RBS measurements were carried out on the
irradiated and unirradiated samples with 1-2.5 MeV He ions. Unirradiated and
annealed samples were also analysed for comparison and completeness. XRD
studies were performed to identify the dominant phases formed.

Our results indicate that the extent of mixing with dose can be explained by
invoking the recent evidences regarding defect creation and radiation annealing
effects occurring on MeV/GeV heavy ion irradiations in metals. We have tried to
establish a very simple but phenomenological model of silicide formation with
our observed results and have extended it to several other silicides formed by
MeV ion mixing.
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Ion Beam Mixing of Isotopic Nickel Bilayers

C.J. Fell*. B.V. Kingi, M. Petravic2 and L.S. Wielunski3
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2Dept. Electronic Materials Engineering, Australian National University,
Canberra, ACT 0200, Australia
3CSIRO Div. App. Phys, P.O. Box 218, Lindfields, NSW 2070, Australia

Results are presented for low energy (2.5 - 10 keV) ion beam mixing of Ar in Ni
at target temperatures between 25 and 300 °C. 1000 A thick monocrystalline
bilayers of 58Ni/60Ni have been prepared by evaporation deposition from powder
form onto Ni(110) substrates. The film thickness is measured using surface
profilometry and RBS. The crystal quality of the bilayers is determined using
RBS channelling and RHEED. Epitaxial isotopic samples avoid the effects of
preferential sputtering, chemical driving forces, grain boundary diffusion and
microtopography. SIMS profiles of the 58Ni/60Ni interface are discussed in
comparison with published results for mixing of impurities in Ni and for
mixing in Cu, which differs from Ni in the strength of its electron-phonon
coupling and hence cascade cooling' rate. Results are also compared with
published models and with simulations using molecular dynamics and the
binary collision approximation.
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Ion Beam Mixing of Metal Thin Films with Energetic Metal Ions

F.J. Paolonil, K.M. Yu2, Z. Wang2, I.G. Brown2 and P.J. Evans3
iUniversity of Wollongong, PO Box 1144, Wollongong, NSW, 2500, Australia
2Lawrence Berkeley Laboratory, Berkeley CA 94720, U.S.A.
3Australian Nuclear Science and Technology Organisation, Private Mailbag 1,
Menai 2234, Australia

Ion beam mixing is an established tool for tailoring the interfacial region
between a thin film and the underlying substrate. Ion beams of gaseous
species such as argon or xenon have been most frequently used for this
purpose in the past. Recently we have combined a vacuum arc plasma gun for
the deposition of thin films with a vacuum arc ion source for the production of
energetic ion beams. In this case the bombarding ion becomes an important
constituent of the resulting interfacial layer. We have investigated the
structure of the latter for deposited films and bombarding ion beams of a
number of metal species, and for ion energies up to ~ 200 keV. Here we present
the results of experiments performed to date, which are discussed in light of
computer simulations of implant distribution and surface sputtering. In
addition, we speculate on possible extensions and applications of the method.
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Cohesive Energy Effects on the Atomic Transport in Ion Beam Mixed
Pd/Co Bilayer

J,J. WO.Q.1, S.M. Jung2, J.H. Song2, G.S. Chang2, and C.N. Whang2
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Atomic transport in the thermal spike and the radiation enhanced diffusion
(RED) region have been studied from the shifts of a marker layer in an ion beam
mixed Pd/Co bilayer. 80 keV Ar+ with a dose of 2 x 1016 ions/cm2 were irradiated
to the Pd/Co sample at various temperature from 90 K to 700 K. The ratio of
atom fluxes for Pd and Co atoms {JpdUco) *n the thermal spike region is found
to be 0.83, while it is found to be ~ 7.5 at 400 K in the RED region. We present
relationships between the ratio of atomic fluxes and cohesive energies of
constituents of bilayered system. In the thermal spike region, the atom having a
large cohesive energy transports more than the atom having a small cohesive
energy, however the atom having a small cohesive energy acts as a predominant
moving species in the RED region.
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Aluminum Oxide Films obtained by Ion Beam Assisted Deposition
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Science, Beijing, 100080, P.R.China
2Department of Materials Sciences and Engineering, Tsinghua, University,
Beijing, 100084, P.R.China

Aluminum oxide films were synthesized by e-gun evaporation of a-Al2O3 o n
Si(lll) wafer and glass substrates, with simultaneous bombardment of 5-20 keV
argon ions. When the substrate temperature was hold at 300 °C the r-Al2O3
films were obtained in 20 keV IBAD specimen. Without the Ar+ bombardment
amorphous AI2O3 films were gotten and phase could only be obtained after 1200
°C annealing vacuum heat treatment. In this work, the resultant films were
characterized by transmission electron microscopy (TEM) scanning electron
microscopy (SEM) and X-ray diffraction (XRD) methods. The correlation between
experimental parameters and the resulted structure the AI2O3 films is
discussed.
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Valence Band Electronic Redistribution in Ion Beam Mixed Pd-Ag Alloys

K.H. Chae1, G.S. Changl, Y.S. Lee1 and C,N. Whangl. Y.S. Jeon2 and M.
Croft3

iDepartment of Physics, Yonsei University, Seoul 120-749, Korea
2Department of Physics, Jeonju University, Jeonju 560-759, Korea
3Department of Physics and Astronomy, Rutgers-The State University of New
Jersey, Piscataway, NJ 08855-0849, U.S.A.

X-ray absorption spectroscopy (XAS) and x-ray photoelectron spectroscopy
(XPS) were performed to investigate the charge redistribution in ion beam
mixed Pd-Ag alloys. Core level binding energy shift and L3 absorption edges
for pure Pd, Ag, and PdxAgi_x (x = 0.1, 0.3, 0.4, 0.5) alloys are measured. The
observed Pd core level shifts in the alloys, relative to pure Pd, were consistent
with the electronegativity prediction. It is proposed that upon alloying there is
a decrease in sp-like conduction electron and an increase in the number of d-
electrons at the Pd site. This electron redistribution at the noble metal site in
the alloy results in a small net charge flow between Pd and Ag, in the direction
in accord with electronegativity predictions. Pd L3- edge x-ray absorption near
edge structure (XANES) provide furhter evidence of electron redistribution
upon alloying. Net charge transfer at the Pd site of ion beam mixed Pd-Ag
alloys have been estimate on the basis of a charge compensation model, results
from XPS binding energy shift and XANES white line areas.
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Influence of Nuclear Energy Deposition Density on the Ion-Beam
Mixing of Metallic Bilayers

L. Thom6 * and J. Jagielski2

Centre de Spectrom^trie Nucleaire et de Spectrom^trie de Masse, IN2P3-CNRS,
Bat. 108,91405 Orsay, France
institute for Electronic Materials Technology, Wolczynska 133,01-919 Warsaw,
Poland

The influence of the nuclear energy deposition density (e) on the ion-beam-
mixing parameters was studied in Ni-Zr and Fe-Zr metallic systems. Nickel and
iron crystals covered with a 50 nm thick Zr layer were irradiated at liquid
nitrogen temperature with ions of various masses (from N to Xe) allowing to
change the value of e from -20 to -450 eV/A. The mixing parameters were
determined via in situ Rutherford backscattering experiments at the different
steps of the irradiation. The number of Zr atoms mixed into the bulk crystal as
well as the spatial extension of mixed layer (o^) are found to increase linearly
with the ion fluence for all the ions used in the experiment. The average number
of Zr atoms mixed per incident ion and the mixing rate exhibit a linear variation
with e. The data obtained for both systems show the existence of a nuclear
energy deposition density threshold of - 20 eV/A for the mixing process to occur.
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Phase Characterization of Ion Beam Mixed ZrO2-12wt%Y2O3 Thin Films

N.K. Huang and D.Z. Wang
Institute of Nuclear Science and Technology, Sichuan University, Chengdu
610064, P.R.China

YSZ films on Si substrate are favourable for the fabrication of SOI structures.
YSZ containing 12wt% Y2O3 thin films produced by ion beam mixing were
deposited with r.f. magnetron sputtering at the substrate temperature of 25 °C
or 400 °C, and then bombarded by 170 keV Ar+ ion beam with a dose of 5x1015 -
6x1016 ions-cm2 at room temperature. The films characterized with XRD show
that the ZrO2-12wt% Y2O3 films deposited at room temperature were
amorphous, the others deposited at 400 °C were crystallized, and their phase
structure was identified as cubic with a minor quantity of the monoclinic. The
amorphous ZrO2-12wt% Y2O3 films were partially crystallized by Ar+
bombardment: the hexagonal Y2O3 phase was first formed and its content was
decreased with increasing Ar+ bombardment doses, non-transformable
tetragonal T' as well as cubic phases subsequently appeared with increasing
doses of Ar+ bombardment beam. Phase transformation behaviour happened
for the crystallized ZrO2-12wt% Y2O3 film after Ar+ bombardment: T1 phase
was formed and its content was increased, while cubic decreased with
increasing doses of Ar+ bombardment. Some suggestions are made on the base
of the above phenomena.
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Effect of Different Bombarding Elements on the Microstructure of Titanium
Oxide Films with a Dynamic Ion Beam Mixing Technique

N.K. Huang. Z. Lu, D.Z. Wang and L.B. Lin
Institute of Nuclear Science and Technology, Sichuan University, Chengdu,
610064, P.R.China

Titanium oxide films were produced at room temperature by dynamic ion
beam mixing where Ar+ or O+ at an energy of 100 keV as bombarding species
during film deposition. The results of the microstructure analyzed with AES
and XPS for these films show that different composition characterizations
were observed by using different bombarding species and contaminated carbon
in the films was decreased by O+ bombardment compared with the ones by Ar+

bombardment, again, chemical bonding configuration of main components
with carbon on the surface of the films seems different for the different
bombarding species. Related mechanisms were discussed.



AU9716250

04.036

Ceramic Thermal Barrier Films Prepared with a Technique of Combining
Ion, Electron and Atom Beams

N.K. Huang
Institute of Nuclear Science and Technology, Sichuan University, Chengdu,
610064, P. R. China

Ceramic thermal barrier films were produced by using a technique of
combining ion, electron and atom beams where the films were deposited by
magnetron sputtering then bombarded with ion and electron beams. The
results of these films investigated with morphologic survey show that
multi-layer patterns could cut off the channels alongside the columnar
microstructure, and excellent metallurgical bonding could formed between
layers by using this technique. Such multi-layer films are dense and free
pores. Neither cracks nor spallation were observed for these films after high
temperature oxidation at 1100 °C for 200 hours. These films were also analyzed
with XRD and XPS in order to understand their composition phase structure
and chemical states of the main constituents.
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Metastable Phase Formation by Ion Mixing in Zr-Nb System with Positive Heat
of Formation: Experiment and Thermodynamics

O. Jin and B.X. Liu
Department of Materials Science and Engineering Tsinghua University,
Beijing, 100084, P.R. China

We report, in this paper, the metastable phase formation by ion mixing in Zr-
Nb system which has a positive heat of formation being +6kJ/mol.
Multilayered samples of six stoichiometries were prepared and irradiated at
room temperature with 200 keV xenon ions to the doses from 3xlO14 to lxlO16

Xe+/cm2. Amorphization was achieved in Zr4oNb6O and Zr8sNbi2 films, but not
in the other four films (ZrigNbsi, Zr49Nb5i, Zr6sNb32 and Zr73Nb27), suggesting
that the composition range favoring amorphization was discontinuous in the
system. Thermodynamic calculation based on Miedema's model and the
method developed by Alonso was performed, with regard of the consideration
of the initial free energy state of multilayered films by adding the interfacial
free energy. The results of the calculation gave qualitative explanation of the
discontinuity of the amorphization range. In addition, two new metastable
crystalline phases of FCC structure with different lattice parameters were also
observed at different stages of ion irradiation.
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Role of Interface in Ion Mixing/Thermal Annealing Induced Amorphization
in an Immiscible Y-Mo System

Z.J. Zhang and B.X. Liu
Department of Materials Science and Engineering Tsinghua University,
Beijing 100084, China

Amorphous phases, which are thermodynamically prohibited in an
immiscible system with a strongly positive heat of mixing, were obtained by ion
beam mixing and thermal annealing of the Y-Mo multilayered films. It was
found that the composition range favouring amorphization depended on the
numbers of interfaces, i.e., the fraction of the interfacial atoms versus the total
atoms in the films, and that amorphization was achieved in a wide
composition range in those film with sufficient interfaces.

The driving force for the amorphous phase formation was believed to be the
excess free energy originated from the interfaces in the multilayers. The
initial energetic levels of the Y-Mo multilayered films were calculated on the
basis of Miedema's model. The results confirmed that the interfaces elevated
the multilayered films to a state of higher free energy than that of the
amorphous phase, which in turn served as the thermodynamic driving force
for the amorphous phase formation. In other words, ion mixing/thermal
annealing induced amorphization in an immiscible system was interface-
generated.
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Silicon and Germanium Ion Beam Mixing to Form Titanium Silicide

M. AniumL*. I.K. Burki2, C.W. Christian2, S. Chereckdjian3, W. McComas4,
M. Kyaw2.
iSematech, 2706 Montopolis Drv., Austin, Texas 78741, U.S.A.
2Advanced Micro Devices, 5204 E. Ben White Blvd., Austin, Texas 78741,
U.S.A.
3Implant Center, 643 River Oaks Parkway, San Jose, California 95134, U.S.A.
4Advanced Micro Devices, PO Box 3453, Sunnyvale, California 94088, U.S.A.
*M. Anjum is an assignee from Advanced Micro Devices, Austin

Implantation of silicon into titanium to form better contacts has recently been
introduced in CMOS technology. It has been reported that boron diffusion is
enhanced in the presence of silicon point defects, but a retardation of diffusion
and a reduction of boron segregation occurs in the presence of germanium.
Hence, the use of germanium implants into titanium for ion beam mixing
purposes over p+ source/drains reduces boron segregation thereby lowering
the contact resistance.

In this paper, we report on the use of silicon and germanium implantation for
ion beam mixing to produce better silicide contacts i.e uniform low resistivity
contacts across the wafer. Comparison of the two ions was made by using
analytical techniques such as R.B.S., A.E.S. and S.I.M.S. Studies of the
Silicide/Si interface were performed using X.T.E.M.

We also report on the application of this method to n+ source/drain.



AU9716254
04.040

On the Adhesion at the Amorphous to Crystalline Interface in
Implanted Silicon*

S. Bhansali and D.K. Sood
Department of Electrical Engineering, Royal Melbourne Institute of Technology,
124 La Trobe Street, Melbourne 3000, Australia

The amorphous to crystalline(a-c) interface in ion implanted silicon is
established to be atomically sharp and continuous. Although the density and
hardness of the amorphous layers is known to be significantly lower than the
crystalline substrate, adhesion is relatively unexplored and may be expected to
be excellent. We present evidence to the contrary, gathered during our recent
study of ion implantation induced "seeding" of silicon for electroless copper
plating. We implanted (100) silicon with copper ions well above a threshold dose
for "seeding" copper for subsequent electroless plating. Thicker plated films
showed poor adhesion. A detailed study of the two surfaces after delamination
has been conducted using RBS/Channeling, SEM, EDAX and AES techniques.
The results clearly indicate that the delamination, driven by the internal
stresses in the plated copper film, takes place at the a-c interface in Si rather
than at the a-Si to Cu interface. This surprising observation is cross checked by
varying the thickness of the a-Si layer by changing the ion dose and energy. A
tentative model to explain this anomaly will be presented.

*Work performed as a part of a NEDO contract and an AINSE grant.
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Ion Beam Modification of Metal-Polymer Interfaces for Improved Adhesion

B.A. Ratchev1, G.S. Was2 and J.H. Booske1

iEngineering Research Center for Plasma Aided Manufacturing, The
University of Wisconsin, 1410 Johnson Dr., Madison, Wisconsin 53706-1608
2Departments of Nuclear Engineering and Materials Science and
Engineering, The University of Michigan Ann Arbor, Michigan 48109-2104

The surfaces of Lexan Polycarbonate (PC) and ABS polymers were bombarded
with low energy (300 eV) ions prior to and during deposition of a thin (200 nm)
Al film. The effects on the adhesion characteristics, the type of ions used (Ar,
N), and the type of sputtering (before deposition- simple pre-sputtering, and
during deposition- IBAD) were studied for eight different deposition conditions
for each polymer. The adhesion characteristics were compared by the tape and
stud-pull tests. The ion beam treatment causes substantial, statistically
significant improvement in adhesion strength in all seven cases where
sputtering was involved. In the case of the stud-pull test for the PC samples,
the failure was along the interface for the non-sputtered case only. In all
others, with sputtering, we observed cohesive failure within the polymer, as
confirmed by SEM. This suggests that the actual interface strength in all the
sputtered cases was higher than that of the polymer itself. SEM, RBS, and
profilometry were used to study the failure modes, Al film quality, and the
effect of morphology on adhesion characteristics, respectively. Surface
roughness did not seem to be an important factor for adhesion improvement.
XPS studies suggest that ion bombardment causes the removal of O from the
carbonyl (C=O) group in PC, exposing the C and allowing it to react with the Al
atoms and form stable Al-C and Al-O-C bonds. The relationship between
interface modification and improvements in adhesion will be discussed.
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Irradiation-Induced Modifications in Metal-Silicon Interfaces under MeV
Helium Ion Irradiation: Influence of the Beam Current Density

D.Boutard and B. Berthier
C.E.A.-C.N.R.S. Laboratoire Pierre Sue, C.E. Saclay 91191 GIF/YVETTE
CEDEX, France

One of the aims of microprobes is to improve the lateral resolution of ion beam
analysis. This is of great interest to study local variations in solid, i.e.
differences of concentration distribution from one grain to the next in
crystalline materials.

However the beam focussing, down to a micrometer scale, means also a huge
increase of the current density. Even if the beam current is generally lower
than in classical facilities, its density is at least two or three orders of
magnitude higher. The second main difference with macro-beam analysis is
the drastic reduction of the analysed quantity of the material. In order to obtain
reliable quantitative results, the ion fluence has to be the same as usual which
means the ratio ion number/analysed atoms is much higher.

Thus the irradiation-induced damages and modifications can no longer be
considered as negligible. Thin metallic films of copper and gold of various
thicknesses were evaporated onto silicon wafers. Using a helium beam, the
RBS (Rutherford Back Scattering) spectrum has been followed versus beam
fluence with different focussing conditions: from 100 x 100 to about 5 x 5 um2,
with current remaining in the range of 1 nA. The fluence values which were
used, 1 to 2.5 (J.C, are typical of RBS measurements to obtain good statistics.

If sample behaviours in "macrobeam" conditions (100 X 100 |im2) remained
steady, the overturn to "microbeam" irradiation introduced modifications. The
main features of the evolutions are:
*a fluence threshold before the evolution process starts;
*a strong decrease of the film signal, up to 60% of its initial value;
*a shift of the silicon edge towards the surface and a spreading of the metal
peak inwards showing strong changes in the interface region of the samples;
*a new steady state appearance at high fluences.
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Synthesis and Corrosion Properties of Silicon Nitride Films by Ion Beam
Assisted Deposition

K. Baba1. R. Hatada1, R.Emmerich2, B. Enders2 and G.K. Wolf2
1 Technology Center of Nagasaki, 2-1303-8 Ikeda, Omura, Nagasaki 856, Japan
2University of Heidelberg, 69120 Heidelberg, Germany

Silicon nitride films SiNx were deposited on 316L austenitic stainless steel
substrates by silicon evaporation and simultaneous nitrogen ion irradiation
with an acceleration voltage of 2 kV. In order to study the influence of the
nitrogen content on changes in stoichiometry, structure, morphology, thermal
oxidation behavior and corrosion behavior, the atom to ion transport ratios
were systematically varied. The changes of binding states and the
stoichiometry were evaluated with XPS analysis and show together with the
FT - IR spectra that in all cases the compound Si3N4 in a silicon matrix was
formed. Whereas the binding state of nitrogen is constant at values relating to
stoichiometric Si3N4, the binding state of silicon changes from elemental to
compound state. The maximum nitrogen content was reached with a Si/N
transport ratio of 1.0. In this case the films are chemically inert when exposed
to a laboratory atmosphere of more than 1300 °C. XRD and SEM -
measurements show amorphous and featureless films for transport ratios
Si/N from 1.0 up to 10.0. The corrosion behavior in sulphuric acid and
hydrochloric acid under cyclic voltammetry conditions show that optimum
deposition conditions with maximum corrosion protection can be achieved.
SiNx films have a beneficial effect on the suppression of transpassive
chromium dissolution of the substrate.
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Chemical Degradation in Polymers from Fast Ions: Dependence on the
Primary Ion dE/dx

R.M. Papateo1. L. Farenzena2, A. Hallen1, R.P. Livi2 and B.U.R. Sundqvist1

1Division of Ion Physics, Dept. of Radiation Sciences, Uppsala University, Box
535, Uppsala, S 751 21, Sweden
institute of Physics, Federal University of rio Grande do Sul, 91501-970 Port
Alegre, Brazil

Commercial grade thin poly(phenylene sulfide) (PPS) foils, 2 ^m thick, were
bombarded with fast atomic ions with different dE/dx (energy range between 2 to
80 MeV). The initial velocity of the primary ion was kept constant (at 1.1 cm/ns)
in order to maintain the same ion track size for all irradiations. Under this
condition the deposited energy density in the ion tracks is varied by changing the
dE/dx of the projectiles. Infrared absorption spectrometry analyses of the
irradiated samples gives information on the changes in concentration of specific
chemical bonds as a function of fluence. From the plot of the absorbance of IR
bands versus fluence, damage cross-sections (a) for different chemical bonds,
such as C-S and ring C-C bonds, are extracted. For all the analysed bands, the o
scale roughly with the square of the dE/dx. This shows that the ion beam
induced bond breaking processes in PPS, at least in the electronic regime of
energy deposition, depend on the square of the deposited energy density in the
ion tracks.
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Investigations of Thermodesorption Processes of H2, CO and CO2 from
Stainless Steels Modified by Implantation of Hydrogen and Oxygen Ions

T.D. Radjabov. R.E. Mouchamadiev, A.V. Sharudo
NPO "ACADEMPRIBOR", Tashkent Academgorodok, Uzbekistan, 700143

In present work a processes of H2, CO and CO2 desorption from surfaces of
stainless steels 12Crl3 and Crl8Ni9Ti irradiated by hydrogen and oxygen ions
by means duoplasmotron ion source have been studied.

Multiple hydrogen desorption stages from SS 12Crl3 ( 0.12% C; 12-14% Cr; Mn
< 0.8%; Si < 0.8% ) and Crl8Ni9Ti (0.12% C; 18% Cr; 9% Ni; 0.5% Ti) modified
by the ion implantation of hydrogen and oxygen at energies 10 and 20 keV and
doses D=7xlO16 and 3xlO17 ion/cm2 have been observed by thermodesorption
analyses (T=300-910 K). An analysis of magnitudes of hydrogen desorption
energy activation and correlation of H2, CO and CO2 stages of desorption in
high temperature range permitted to draw a conclusion about hydrogen and
carbon atoms interactions in microvoids and formation of hydrogen-carbon
complexes as CHm. It is shown that side by side with stage of breaking of
chemical bond of complexes as CHm it is necessary to take into account a
subsequent diffusion stage of products of dissociation to surface.
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Microstructure and Property Modification in Metallic and Dielectric Coatings
by Ion Implantation

T.D. Radiabov and G.R. Rakhimova
Tashkent Electrochemical Institute of Communication, 700084, Tashkent and
Scientific-Industrial Amalgamation "Academpribor", Uzbek Academy of
Sciences, Academgorodok, 700143, Tashkent, Republic of Uzbekistan

Many interesting investigations and applications of ion beam assisted
deposition have been carried out, such as the effect on the film growth
structure. Increase in the film coating sorptive capacity, heterostructure
formation, synthesis on compounds and improved property surface coatings,
immobilization of radioactive gases etc. have been known. A review of Soviet
and foreign studies within the past 5-10 years on modification of the
microstructure and properties (mechanical, optical, electrical) of surface
metallic and dielectric coatings by simultaneous or alternating ion
implantation being deposited has been found to be present. The results
published in the conference proceedings, original papers and reviews, as well
as the results of authors, pointing to the possibility of alternating mechanical,
optical, electrical properties have been analyzed and systemized. As well as
the findings indicate correlation in modifying the microstructure and
properties of the materials.

This process is suggested to be the most probable cause of the formation
precipitations and build up of a multiphase region friction-initiated migration
of implanted ions the matrix through a thermomechanical effect, as well as
the presence of an extensive radiation-induced dislocation structure and
formation of "contaminated" subsurface layers (oxide, carbon, etc.) dual to
technical vacuum environment of the high-fluence ion implantation process.
In addition, some possible mechanisms of strengthening of surface and
subsurface layers of materials by ion implantation being deposited are
discussed. It is shown that the most efficient mechanisms of strengthening
during nitrogen and carbon ion implantation in metallic and dielectric
coatings are the following-solid solution strengthening by interstitial
impurities, strengthening due to formation of precipitates or layers of second
phase and structural-phase strengthening.
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Prediction of Single Phase Formation of Non-Equilibrium Pseudobinary
Nitrides Assisted by Energetic Particle Bombardment

Y. Makino. Y. Setsuhara and S. Miyake
Welding Research Institute, Osaka University, 11-1, Mihogaoka, Ibaraki,
Osaka, 567, Japan

Nitrides are available for various functional materials such as oxidation-
resistant films in silicon devices and hard coatings for machining operations.
In order to improve the properties of these nitrides, formation of non-
equilibrium pseudobinary nitrides has been tried using energetic particle
bombardment such as ion beam assisted processes and sputtering methods. In
the present study, a material designing for the single phase formation of non-
equilibrium pseudobinary nitrides is proposed on the basis of two band
parameters which are constructed by bond orbital model and orbital
electronegativity. Possible compositional ranges for Bl type single phase
formation of non-equilibrium pseudobinary nitrides are predicted by the two
band parameters. Further, the predicted compositional range for non-
equilibrium AIN-TiN pseudobinary film is compared with our result by ion
beam assisted deposition method and other experimental ones.
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Retention Rate of Nitrogen Implanted into Metals with High Fluence

Y. Mivagawa. S. Nakao, K. Saitoh, M. Ikeyama, H. Niwa, S. Tanemura and S.
Miyagawa
National Industrial Research Institute of Nagoya, AIST, MITI, 1-1 Hirate-cho,
Kita-ku, Nagoya, 462 Japan

Retention rate of nitrogen implanted into various kinds of metals (Al, Ti, V,
Fe, Co, Ni, Zr, Nb, Mo, Ta, and W) were calculated by the dynamic-SASAMAL
code assuming planer surface binding energy and diffusion toward the
surface for nitrogen over the concentration of saturated nitride phase. As the
value of surface binding energy (Es), the sum of the heat of sublimation of the
metal (Hs) and the heat of formation of the nitride (Hf) times composition (C) at
the surface layer was used (Es = Hs + C.Hf). The effects of values of Hs, Hf, and
the displacement threshold energy on the retention rate were studied. The
calculated results were discussed in comparison with experimental results
obtained by NRA.
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Effects of Ion Bombardment on the Electrochromism of Tungsten Oxide Thin
Films

Y.-S. Choe1.1.-S. Lee1 and H.-K. Baik2

1TongYang MoolSan Co. Ltd., R&D Center, Yongin-gun, Kyunggi-do, Korea
449-870
2Dept. of Metallurgical Engineering, YonSei University, Seoul, Korea 305-350

Optically switchable electrochromic materials are of high potential interest
since they can control the flow of light and solar energy through a glass.
Electrochromic behaviors of tungsten oxide films were described and analysed
in terms of morphology, structure and degree of crystallinity of films.

Tungsten oxide films were prepared by either rf sputtering from a WO2.9
target in an atmosphere of an Ar-O2 mixture or dual ion beam sputtering
(DIBS). For DIBS, metallic tungsten or WO2.9 target was sputtered with
collimated argon ion beam and simultaneous bombardment of oxygen ion
beam to growing films. The dependence of electrochromism on film
preparation methods, especially ion bombardment effects, were addressed.



AU9716264

04.050

Deposition of Amorphous Diamond Films by Ion Beam Forward Sputtering

B. Kempf
Deutsche Bundespost Telekom, Forschungs- und Technologiezentrum, Am
Kavalleriesand 3, D-64295 Darmstadt, Germany
The deposition of amorphous diamond layers on a substrate at room
temperature requires carbon atoms impinging with energies in the range 20 -
200 eV Conventional sputter configurations don't fulfil this requirement since
the mean energy of sputtered particles amounts to some eV only. In the
present work carbon atoms stemming from the forward sputtering lobe of a
graphite target under Ar+ ion bombardment are used for film deposition. As a
result of glancing collisions this lobe contains particles of much higher than
average energy. The special target which is located between ion gun and
substrate works like a blind. Its lamellas are inclined against the beam axis to
shield primary ions from the substrate. Due to a high aspect ratio between
lamella depth and spacing only atoms sputtered into a narrow aperture come
through. Raman spectroscopy, electrical resistance and ellipsometry are used
to characterise the films. Sputter parameters for amorphous diamond
condensation are determined.
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Ion Beam Assisted Deposition of Diamond - like Coatings (DLC) by means of
the Dual Beam Device

B. RajcheL M. Drwiega and E. Lipinska
Institute of Nuclear Physics, ul. Radzikowskiego 152, 31-342 Cracow, Poland

IBAD - ion beam assisted deposition of thin coatings consisting of elements,
alloys or compounds is a method in which the growing layer is simultaneously
bombarded with energetic ions. IBAD has become an advantageous and the
most useful technique for controlled production of adherent coatings with
special physical, chemical, mechanical, optical or electrical properties on the
surface of metals, ceramics, composites and other materials.

At the ion implantation laboratory of the Institute of Nuclear Physics in
Cracow there is the two beam lines ion implanter with excellent parameters
for ion engineering methods. In IBAD arrangement, layers are obtained by ion
beam sputter deposition of atoms onto the modified substrate and
simultaneous ion bombardment of the created film by means of mass
analyzed, second ion beam. This system affords possibilities for controlling the
IBAD processes by accurate measurements and verification of the parameters
of the two ion beams.

The IBAD method was used to prepare the diamond - like coatings (DLC) first
on <111> Si and next on special CoNiCrMo alloys (used for endoprotheses)
substrates. A preliminary series of samples coated with carbon layers of
different thicknesses, structures and impurity contents were performed by the
proper choice of the parameters of the two ion beams and other conditions
during IBAD processes. In order to determine the features of coatings, the
non-destructive inspection was carried out by the RBS method. The
mechanical properties (hardness, contact rigidity and stresses) and functional
behavior (friction, wear, grindability, fatigueability) of test samples were
studied. Electron microscopy methods were used to define the morphology
(granularity, texture etc.) of layers.
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Metal Contaminant Accumulation in Ion Beam Induced Film Growth

G. Carter, M.J. Nobes and M.G. McLaren
Science Research Institute, University of Salford, Salford M5 4WT, U.K.

A new approach to modelling the multilayer growth of metal layers by ion beam
induced dissociation of organo-metal precursor gases and adsorbate is developed.
This involves generation and solution of a hierarchy of mutation equations to
describe adsorption and desorption, metal deposition and sputtering. It is shown
that such an approach cannot account for contaminant incorporation into the
growing film and so the model is improved to allow for this process. Steady state
solutions for metal: contaminant ratios are obtained. It is further shown that,
even with simple model assumptions, prediction of time dependent growth
parameters is difficult.
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Photon and Ion Beam Assisted Deposition of Titanium Nitrides

H. Wengenmair, J. Gerlach, B. Stritzker and &,
Universitat Augsburg, Institut fur Physik, 86135 Augsburg, Germany

Since the last decade Ion Beam Assisted Deposition (IBAD) has become a well
known technique for deposition of thin films because of its ability to control
properties of coatings. Here a new IBAD-system is introduced, by which
samples may be illuminated by UV-light during the deposition process in
order to enhance motion of deposited atoms and interfacial reactions between
substrate and coating. It includes the ability to analyse samples after
deposition with LEED and AES without interruption of vaccum.

The growth of titanium nitrides was studied in dependence on the of ion
irradiation, the UV-light illumination and the evaporation conditions by
transmission electron microscopy, X-ray diffraction, atomic force microscopy
and photo electron spectroscopy. Upon increasing ion UV-light illumination,
the grain size increased and the crystallographic orientation of the grains
changed. Results of this investigations support the assumption that the effect
of implantation-induced texture is caused by the process of seed selection
through ion channeling. Development of smooth surfaces is attributed to
several effects directly connected with ion irradiation conditions, among which
are adatom mobility, sputtering and ion incorporation.
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Low-Energy Ion-Assisted Deposition of AIN Films

J^ A- Sprague and Catherine M. Cotell
Code 6671, Naval Research Laboratory, Washington, DC 20375, U.S.A.

AIN has been deposited on a variety of substrates by e-beam evaporation of Al
with simultaneous bombardment by N2+ ions with energies < 200 eV. Substrate
temperatures ranged between 20 and 700 °C. Mechanical, optical and
electronic properties, stoichiometry, crystal structure, orientation and
microstructure were characterized as functions of substrate type, substrate
orientation and deposition/ion-bombardment parameters. For the conditions of
these experiments, it was found that essentially all of the N incorporated in the
film came from the energetic ions, with little incorporation from the energetic
background gas. This result is similar to previously published reports by othe
rinvestigators of room-temperature AIN deposition by dual-ion beam
sputtering but differs from other investigators' results obtained by reactive
magnetron sputtering, which can readily produce AIN films without substrate
bias at room temperature and above. Optical transmission spectra showed
clear evidence of the AIN band gap at 6.2 eV; polycrystalline films indicated
some absorption for energies above 4.5 eV, possibly due to grain-boundary
interface states.
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Formation of Carbon Nitride - a Novel Hard Coating

J.F.D. Chubaci1. K. Ogata2, F. Fujimoto, S. Watanabe1 and J.P. Biersack3
institute of Physics, University of Sao Paulo, C.P.:20.516, 01452-990 - Sao
Paulo, SP, Brasil
2R&D Division, Nissin Electric Co., Ltd., Ukyo-ku, Kyoto 615, Japan
3Hahn-Meitner-Institute, Glienicker Str. 100, D-14109 Berlin, Germany

Increasing efforts have been reported on the formation of carbon nitride.
Vapor deposition and simultaneous ion bombardment from beams or plasmas
(e.g. IBAD) proved to be successful techniques for the preparation of this novel
material. In our preparation, the properties of the films were controlled by
varying the nitrogen ion energy and the composition ratio C/N. The samples
with high nitrogen incorporation (C/N=0.6~0.7) and low implantation energies
(< 1.0 keV) showed high Knoop hardnesses of up to 62.74 GPa. XPS and FT-IR
measurements indicated a high fraction of triple bonding C=N. X-ray
diffraction showed an amorphous structure. Computer simulations by the
dynamic TRIM code are used to study the formation parameters and to
understand the formation process of the carbon nitride films grown on Si,
fused SiO2 and WC substrates.
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Ion Beam Processing of UN Coating on Carbon Steel

J.G. Duh. C.Y. Lin and J.J. Li
Department of Materials Science and Engineering, National Tsing Hua
University, Hsinchu, Taiwan

TiN films were deposited onto carbon steel by ion beam assisted sputtering
technique using a broad ion source and a magnetron source. Due to the local
heating effect when the ions bombard the surface of the substrate, TiN films
can be prepared by ion beam assisted deposition at ambient temperature
without the employment of Ti interlayer.

Ion beam techniques permit independent control of the process variables, and
offer a major advantage in the mechanistic studies of the film deposition
process. Different energies of nitrogen ions, deposition times and cleaning
times of substrate surface with ion sources were employed to carry out the
deposition in an argon atmosphere in this study. TiN films are successfully
deposited with (111) preferred orientation as analyzed with X-ray diffraction.
The deposition thickness increases linearly with the deposition time under a
fixed ion energy.

With the coating of TiN films with ion beam assisted deposition, the surface
hardness of carbon steel is increased significantly. The hardness of the TiN
films deposited with 1000 eV ion source is higher, due to the relatively closed-
packed structure and adequate films thickness. The feasibility of pretreatment
on the substrate surface by ion beam cleaning brings another advantage of ion
beam assisted deposition. The adhesion of the TiN film is enhanced by
appropriate surface cleaning.
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The Morphology and Optical Properties of Aluminium Oxide Thin Films
Deposited by Dual Ion Beam Sputtering

J,H. Chung*. I-S. Lee1 and W.B. Kim2

1TongYang MoolSan Co. Ltd., R&D Center, Yongin-gun, Kyunggi-do, Korea
449-870
2KIGMM, 30 Gajung-dong, Yusung-gu, Daejon, Korea 305-350

Dual ion beam sputtering (DIBS), known as a good technique for preparing
high quality optical thin films, was employed to study the effects of ion
bombardment on the morphology and optical properties of aluminium oxide
thin films. The 6" Al target was sputtered with collimated 1000 eV Ar+ ion
beam and growing films were reactively bombarded with O2+ ion beams of
several energies between 60-1000 eV. RF "filamentless" ion sources used in
this study allowed to bombard the growing films with pure oxygen beam, thus
minimize the possibility of Ar incorporation into oxide films.

The morphology of deposited films was observed with AFM and SEM and
compared with that of magnetron sputtered films. The transmittance curves
in the visible and near IR regions were obtained by spectrophotometer, from
which the refractive indices were calculated. In addition, phases and
compositions were investigated by XRD, AES, XPS measurements.
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Energetic C60 Interactions with Si Surfaces Studied by Molecular
Dynamics

K. Beardmore and R. Smith
Department of Mathematical Science, Loughborough University, Leicestershire,
LE113TU, U.K.

The interaction of energetic C60 clusters with Si surfaces is studied by molecular
dynamics in the energy range of a few eV up to 10 MeV. We consider the case of
hydrogen terminated surfaces and compare the results with the pure Si crystal
surfaces. At very low energies the molecule sticks to the surface. At intermediate
energies of around 1 eV per atom the molecule can either stick, bounce off the
surface or cause chemical sputtering. At higher energies a crater is formed and a
large amount of sputtering takes place. A computer video of these processes will
be shown which demonstrates co-operative wave motions of the surface atoms
and the formation of surface damage.
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Ion Beam Assisted Deposition of ZrO-2 Thin Films

K. Neubeck1. R. Nitsche1, H. Hahn1, L. Alberts2 and G.K. Wolf2
1Materials Science Department, Technical University Darmstadt, Germany
institute of Physical Chemistry, University Heidelberg, Germany

Microstructure and properties of growing thin films can be modified by
simultaneous ion beam irradiation. The alteration of the stoichiometry,
density, crystallinity, and texture of ZrC>2 films deposited under ion beam
impact on glassy carbon and silicon single crystals were investigated. An
Argon ion beam with an energy of 10 keV and a current density of about 40
|iA/cm2 was used during electron beam evaporation of ZrC>2 pellets with rates
between 0.2 and 0.4 nm/s. The angle between substrate normal and ion source
was set to be 0°, 15° and 55°. The stoichiometry of the films was analysed by
Rutherford Backscattering Spectroscopy (RBS). The film density was
calculated from combinations of thickness measurements by profilometer and
RBS analysis. Phase content, crystallinity, and texture were investigated by X-
ray diffraction (XRD) and four pole measurements. The influence of the angle
of incidence of the ions on texture will be discussed.
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Nitrogen-Rich Carbon Nitride Films Formation by means of Ion Beam and
Vapor Deposition Method

K. Ogata1. S. Nishiyama1, A. Ebe1 and F. Fujimoto2

!R&D Div. Nissin Electric Co. Ltd., 47 Umezu-Takase-Cho, Ukyo-ku, Kyoto 615,
Japan
2Institut fur Ionenstrahlphysik und Materialforschung, Forschungszentrum
Rossendrof e.V., Postfach 510119, D-01314, Dresden, Germany (On leave from
Okayama University of Sciences, 1-1 Ridai-Cho, Okayama 700, Japan.)

Carbon nitride films with 1 ^m thickness prepared on tungsten carbide (WC),
and silicon wafers by the Ion Beam and Vapor Deposition (IVD) method. The
films with the composition ratio CR(C/N)=0.5 ~ 0.7 on WC and prepared by
nitrogen ions lower than 800 eV showed the hardness of 6500 kgf/mm2 which
is comparable or greater than that of diamond. The structure of films is
amorphous. In the hardest films, it is considered that all nitrogen atoms make
the covalent bonds with carbon atoms.
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Energy Transfer Mechanisms in The Ion Beam Induced Deposition of
Tungsten

M.G. McLaren. G. Carter and M.J. Nobes
Science Research Institute, University of Salford, Salford M5 4WT, UK

The target chamber of an isotope separator has been modified to conduct ion
beam induced depositions of tungsten from the organometallic precursor,
tungsten hexacarbonyl. Tungsten depositions have been conducted over an ion
energy range of 5-40 keV and deposition rates investigated. Depositions have
been conducted with varying ion species to provide similar elastic stopping
powers but different inelastic stopping powers in accordance with known
behaviour. Energy distribution, ion mass and beam energy of these species have
been varied in order to evaluate inelastic stopping as an energy transfer
mechanism in the deposition process. Thermal spike type processes have also
been investigated by utilising the enhanced spike effects of molecular beams.
The paper discusses the results in terms of these processes and other models.
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Microstructure of Transparent and Electroconductive Titanium Nitride Films

Masato Kiuchi1. Akiyoshi Chayahara1, Masayoshi Tarutani2 and Ryuichi
Shimizu2

iOsaka, National Research Institute, Ikeda, Osaka 563 Japan
2Osaka University, Suita, Osaka 565 Japan

Oxides of indium and tin, which are transparent and conductive, are useful as
electronic materials, and are used in liquid crystal displays and flat panel
heaters. They are not good at corrosion property, and protective coatings are
needed. So, the variety of applications of indium and tin oxide, is restricted,
and new transparent and conductive coatings, which are tough for corrosion,
are wanted.

We found that ultra-thin films of titanium nitride, which are produced by
using the dynamic ion beam mixing method on fused silica glass plates, can
be transparent and electroconductive, and that these films are tough for
corrosion.

Usually titanium nitride is oxidized in the top surface, the grain boundary and
interfaces. If the titanium atoms are oxidized, the bindings change to
non-conductive ones. It is interesting that the bindings of titanium atoms stay
conductive ones in the ultra-thin films of TiN on fused silica glass plates,
which are oxides of silicon. In this study, we discuss on the microstructure
and bindings of transparent and conductive TiN ultra-thin films.
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Formation of TiC>2 Films as a Photocatalytic Material Prepared by Ion Beam
Assisted Reactive Deposition Method

M. Sasase1. T. Yamaki2, I. Takano1 and S. Isobe1

1Kogakin University, 24-2-1 Nishi-shinjuku, Shinjuku, Tokyo 163-91, Japan
2Hitachi Research Laboratory, Hitachi Ltd., Hitachi, Ibaraki 319-12, Japan

Recently TiC>2 has been attracting great interests as promising photocatalytic
material to convert CO2 to useful hydrocarbons [1]. For this purpose, it is
required to increase its quantum efficiency (electron-hole pair generation
efficiency). The photocatalytic properties seem to depend on both stoichiometry
and crystalline structures of the TiC>2 films. Therefore, ion beam processes,
which are capable of controlling the amount of oxygen vacancy and crystalline
structures by ion implantation effects, seem useful.

We have prepared TiC>2 films by Ar+ ion beam assisted reactive deposition
method (IBARD). In this paper the film formation and their photocatalytic
characteristics are presented. The IBARD-TiC>2 films having a rutile-type
crystalline structure showed less photocurrents compared with the TiO2 films
prepared by a sol-gel method, which have an anatase-type structure [1]. TDS
(thermal desorption spectroscopy) spectra of the IBARD-TiO2 films clearly
indicated that the implanted Ar atoms are incorporated in the films. Different
crystalline structure (rutile-type) and Ar atom inclusion seem to be reasons for
poor photocatalytic characteristics.

[1] S. Ichikawa and R. Doi, IUMRS-ICAM-93 Symp., Tokyo (1993)
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Internal Stress in Nickel Films Prepared by Ion Beam and Vapor Deposition

N. Kuratani. Y. Murakami, O. Imai, A. Ebe, S. Nishiyama and K. Ogata
R&D Division, Nissin Electric Co. LTD., 47 Umezu-Takase-cho, Ukyo-ku, Kyoto
615, Japan

The effect of ion irradiation on the internal stress has been studied. Nickel
films were prepared by the evaporation of nickel metal and simultaneous inert
gas ions irradiation such as Ne, Ar, Kr and Xe with energies in the range of
0.5-10.0 keV on Si(100) substrates. The internal stresses in nickel films were
measured by the evaluation of the displacements of the substrates. The results
showed that the internal stresses depended on the ion energies and ion
species. In the case of ion bombardment with low energy heavy ions, the
compressive stresses were occurred, while the case with high energy light
ions showed the tensile stresses. In this paper, we discussed the relationship
between the internal stresses and crystalline states of nickel films or interface
states between nickel films and silicon substrates.

This work was conducted in the program; "Advanced Chemical Processing Technology",
consigned to ACTA from NEDO, which is carried out under the Industrial Science and
Technology Frontier Program enforced by the Agency of Industrial Science and Technology.
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The Effect of Ion-Beam Induced Strain on the Nucleation Density of Chemical
Vapor Deposited Diamond

P.S. Weiser. S. Prawer, K.W. Nugent, S.P. Dooley and D.N. Jamieson
School of Physics, University of Melbourne, Parkville, Victoria 3052, Australia

In order to investigate the effect of strain on the nucleation density of Chemical
Vapor Deposited diamond we have employed high dose Helium and Hydrogen
ion implantation producing surface swelling of the substrate. The ion
implantation is performed using the Melbourne Microprobe which enables
many square regions (typically 100x100 nm2) to be implanted on the one
sample.

The Melbourne Raman Microprobe is employed to obtain spatially resolved
strain maps of the laterally confined surface strain in the ion implanted
silicon. The surfaces of the "bubbles" are under tensile strain (up to 4.5 GPa)
whilst the edges are under compressive strain. Despite the high level of strain
the surface of the silicon remains relatively undamaged with the FWHM of the
Raman peak virtually unchanged from that of the unimplanted silicon. Thus
it is possible to produce undamaged, but very substantially strained surface
layers.

The ion implanted samples were immersed in a Chemical Vapor Deposition
Reactor and changes in the nucleation density of diamond as a function of
surface strain were determined.
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Calculation of the Energy Deposition Value for the Argon Ion Beam
Bombarded Silicon on the Base of the Plural Interaction Model

V.A. Eltekov and N.N. Negrebetskaya
Physics Faculty of Moscow State University, 117234, Moscow, Russia

The great variety of radiation effects (the number of point defects, sputtering
ratio, mixing, segregation etc) depends on the value of energy deposition
rather intensively. In this work the energy deposition is simulated on the base
of the computer model of plural interactions for the case of argon ion incidence
on single crystal silicon target. The initial energy of normally incident ions is
varied from 40 eV to 8 keV. The target is represented by a block of about 100
atoms. The interactions of atoms with each other and with ion are taken into
account pairwise additive potential being used. The irradiated face was
simulated to be (111). The results obtained show the monotonic decrease for
rational value of energy deposition with the increase of the initial energy of
incident ions. However the value of energy deposition has a maximum in the
energy diapason considered. The connection of these dependences with other
irradiation characteristics is discussed.

[This work was supported by Russian Foundation of Basic Investigations (Grant No. 94-01-
00369)]
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Survey on the Properties of AI2O3 Coatings Produced by Ion Beam
Assisted Deposition (IBAD)

R. Emmerich1, B. Enders1, H. Martin1, F. Stippich1, G.K. Wolf1. J. Kudela2, P.
Lukac2, H. Hasuyama3 and Y. Shima3

iPhys. Chem. Inst., University of Heidelberg, INF 500, 69120 Heidelberg,
Germany
2Dep. Phys., University of Bratislava, Meynska Dolina, 84215 Bratislava,
Slovakia
3Dep. Phys., Kurume Institute of Technology, 2228 Kamitsu - Machi, Kurume
830, Japan
AI2O3 coatings are of great practical importance because they are hard,
insulating, corrosion resistant and transparent. In this study different
preparation methods and conditions were compared: (1) Al-evaporation and
condensation under Ar+-bombardment in oxygen atmosphere, (2) Al-evaporation
under O+-bombardment in oxygen atmosphere, (3) Al2C>3-evaporation under
O+-bombardment and (O++Ar+)-bombardment in oxygen atmosphere. The
coatings on Si, SiO2 and metal substrates were characterized spectroscopically
by XRD, SNMS and acoustic surface waves, and their hardness, stress states
and adhesion was determined. The corrosion protection by AI2O3 on aluminum,
rusting steel and stainless steel was investigated in condensing water, NaCl -
containing solutions and acidic solutions. Uniform as well as localized corrosion
were observed. The results show an extremely strong influence of the production
conditions on the properties and performance of AI2O3 coatings.
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Study of Boron Nitride Films Synthesized by Ion Beam and Vapor Deposition

S. Nishivama. A. Ebe, N. Kuratani, Y. Iwamoto and K. Ogata
R&D Division, Nissin Electric Co., Ltd. 47, Umezu-Takase-Cho, Ukyo-Ku,
Kyoto 61 5, Japan
The crystalline phase of boron nitride (BN) is in many respects analogous to
that of carbon. Hexagonal BN (h-BN) is in graphite form, whereas cubic BN (c-
BN) has similar structure to diamond. Because c-BN has high hardness and
chemical inertness, c-BN film is a promising material for tribological
applications. We have studied the synthesis of BN films by ion beam and vapor
deposition (IVD) method. Boron is deposited on various metal substrates and
nitrogen ions are simultaneously irradiated. This method has a great
advantage of growing c-BN phase at low substrate temperature.

We report the effects of deposition parameters in the IVD method on the
crystalline structures of BN films, such as ion energies and transport ratios of
boron atoms to nitrogen ions. In order to synthesize adhesive BN films having
high hardness and good fracture toughness, multilayered BN films were
formed. The tribological applications of the multilayered BN films are also
reported.



AU9716283

04.069

Composition and Morphology of Titanium Nitride Films Deposited by
Rare Gas Ion Beam Assisted Evaporation

W. Ensinger and B. Rauschenbach
Universitat Augsburg, Institut fur Physik, 86159 Augsburg, Germany

Deposition of titanium nitride by ion beam assisted evaporation is possible by
two methods. One is evaporation of the metal under bombardment with nitrogen
ions at a low gas pressure. The metal is converted to the nitride by implantation
of the ions. The other method is evaporation of the metal in an atmosphere of
nitrogen gas under bombardment with rare gas ions. The metal reacts with gas
molecules from the ambient. The features of the obtained TiN films strongly
depend on the process mode. In the present study TiN films prepared by gas
sorption under argon ion bombardment are dealt with. The ion energies were in
the medium to high energy regime of IBAD (>10 keV). Owing to the high mass of
the bombarding species and a comparatively high energy, the TiN films are
subject to heavy radiation damaging during deposition. This influences the
microstructure and composition of the films. These were analyzed by x-ray
photoelectron spectroscopy, x-ray diffraction, transmission and scanning electron
microscopy and scanning tunneling microscopy. Data on grain size,
crystallographic grain orientation, topography and oxygen impurities are given
in dependence on the process parameters.
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Synthesis of (H, A1)N Films by Ion Beam Assisted Deposition

Y. Setsuhara1. T. Suzuki1, Y. Makino1, S. Miyake1 and H. Mori2

1Welding Research Institute, Osaka University, 11-1 Mihogaoka, Ibaraki,
Osaka 567, Japan
2Research Center for Ultra-High Voltage Electron Microscopy, Osaka
University, 2-1 Yamadaoka, Suita, Osaka 565, Japan

Recently studies on the synthesis of (Ti, A1)N films have attracted an
increasing interest as a means of obtaining wear-protective coatings with
higher oxidation resistance at elevated temperatures and an improved
performance in machining operations compared with widely used TiN
coatings.

In this study (Ti, A1)N films were prepared by ion beam assisted deposition
(IBAD), where the films were synthesized by depositing metal (Ti+Al) vapor
and simultaneous bombardment with nitrogen ions in the energy range of 0.2-
20 keV. The films were prepared on Si wafers at room temperature.

The micro structure and phase composition of (Ti,Al)N films as a function of
Al content were investigated using x-ray diffraction and selected area electron
diffraction. The structural analysis from the films with lower Al content
showed the formation of a single-phase NaCl structure and the continuous
shift of interplanar distance as a function of transport ratio and ion energy.
The films with higher Al content exhibited the double phase composed of the
wurtzite structure together with the NaCl structure. The ion beam induced
crystallization effects in the early stage of film growth were also investigated
using dark-field TEM and HRTEM images.
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The Synthesis of TIB2 Films by Ion Beam Assisted Deposition

Y. Wang. Y. Setsuhara and S. Miyake
Welding Research Institute, Osaka University, Mihongaoka 11-1, Ibaraki,
Osaka 567, Japan

Ion beam assisted deposition (IBAD) technique has been used to fabricate TiB2
films. Argon, neon, xenon and nitrogen ions, with energy of 2 to 20 keV, were
used for the bombardment during the deposition of TiB2 by electron beam
evaporation. The effects of different kinds of ions and their energies on the
structure and microhardness of TiB2 films have been studied systematically.
The films prepared with the bombardment of Ar, Ne, Xe and N ions have a
crystalline structure of hexagonal TiB2, while those deposited without ion
bombardment are amorphous. The films are better crystallized and their
hardness increases with increasing the energy of the bombarding ions. It has
been found that the ratio of energies transferred to B atoms and those to Ti
atoms by bombarding ions, which is determined by ion mass, has a great effect
on the structure as well as the microhardness of TiB2 films. The films
prepared with Ar+ bombardment at a transport ratio of Ar+/TiB2 = 0.4 have a
composition the same as the stoichiometry of TiB2- The highest microhardness
of TiB2 films is about 3100 kgf/mm2, comparable with the hardness of bulk
TiB2.
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Ion Beam Assisted Deposition of Thin Films and Coatings: State of the
Art of Theoretical Description

Z.A. Iskanderova1. T.D. Radjabov2 and R.Yu. Leiderman2

ins t i tu te for Aerospace Studies, University of Toronto, 4925 Dufferin Street,
Downsview, Ontario, Canada, M3H 5T6
2Scientific-Industrial Association "Academpribor", Tashkent, Uzbekistan

This paper reviews, retrospectively, work done to establish the main ideas,
experimental investigations and theoretical models of different levels for ion-
assisted deposition of thin films, coatings and multilayer structures. The
evolution of the attitude connected with the wide number of opportunities of this
emerging technique, different options in its realization and also in the
theoretical description are presented. It is based mostly on the results of the
studies of at least 20 years, including the work done by the authors and their
colleagues in the former USSR. Development and improvement of the models
were going in two major directions. One of them took into account, as much as
possible, the microscopic, atom-scale processes, such as diffusion, trapping on
defects, bombardment-induced desorption, dynamic ion mixing, etc. For high-
dose implantation, a new approach has been developed by the authors, including
bombardment-induced or enhanced new phase formation, chemical reactions.
The second approach was based on the phenomenological description of different
technological options. It includes the simultaneous, alternating or pulse
irradiation and deposition, with a few sources of materials evaporation and ion
bombardment. That presents a great opportunity to form subsurface
multicomponent microalloys, bilayers or multilayered structures with sharp or
graded interfaces. The discussion of some experimental data, in order to support
or compare with the theoretical results, is also included.

Both the theoretical investigation and a representative amount of experimental
results show the unique opportunities of the advanced ion-assisted deposition
methods for the improvement of microstructure, adhesion, mechanical and
optical properties, corrosion resistance, etc.
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The Model of Stable New Compounds Formation at Ion-Assisted
Deposition of Multilayered Thin Films and Coatings

Z.A. Iskanderova1. T.D. Radjabov2, R.Yu. Leiderman2, F.K. Tukfatullin2 and
N.R. Usmanova2

1 Institute for Aerospace Studies, University of Toronto, 4925 Dufferin Street,
Downsview, Ontario, Canada, M3H 5T6
2Scientific-Industrial Association "Academpribor", Tashkent, Uzbekistan

A transport equation system has been developed, describing in a reasonable
approximation the formation of stable new phases or compounds at high flux ion-
assisted deposition. Within a framework of some assumptions the mathematical
model includes the options of simultaneous or subsequent reactions of new
phases or compounds formation (synthesis).

The model allows establishment of a unified approach for the description of
multicomponent or multilayered structure formation. The very important option
for industrial applications is the formation of periodical structures consisting of
alternating layers of two different compounds. At some simplifying assumptions
the formation of new AviBv2 compounds with arbitrary stoichiometric
coefficients had been investigated, including both physical and chemical effects
on film composition. Different variations of the fluxes of depositing materials
and bombarding ions were taken into account. They include: simultaneous
deposition and ion bombardment with constant fluxes, pulse ion irradiation at
constant deposition rate, alternating ion-assisted deposition of two different
materials, etc. The results of various analytical and numerical calculations are
presented to illustrate different applications of the established model.
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Electrical Property and Structure of Diamond Like Carbon Films Prepared by
IB AD

Zhu Hong, Liu Xianghuai, Ren Congxin, Yang Genqing, and Zou Shichang
Ion Beam Laboratory, Shanghai Institute of Metallurgy, Chinese Academy of
Sciences, Shanghai 200050, China

CVD diamond is a Negative Electron Affinity material, but the electrical
properties of diamond like carbon films remains something unclear. In order
to find the application of DLC film in electron devices, the electrical properties
of the DLC film especially on electron emission has been investigated.
Amorphous carbon films with a smooth surface and a good adhesion to
silicon, molybdenum and steel substrates have been prepared by ion beam
assisted deposition (IBAD) using a single ion source. The energy of Ar ions
ranged from 400 to 1500 eV. The structure and composition of the films were
characterized using Raman spectroscopy, FTIR, HRTEM, TED, SEM, ERD
and RBS. Electrical resistivity, work function and second electron emission
coefficient has been measured. The hydrogen content measured by ERD is
about 2.05 at.%. FTIR can't reflect the amount of hydrogen in a DLC film if the
C-H bond hasn't formed. As ion energy and beam current, the density of the
film increased, but electrical resistivity decreased due to the decreased
concentration of sp3 bonds in the film. The work function of the DLC film was
measured using Auger Electron spectroscopy, which is based on different
work function giving rise to different onsets of secondary electron emission.
The highest work function of the sample coated on silicon and molybdenum
substrate is 5.2 eV, which is greater than that of the carbon element, 5.0 eV.
Considering that the energy gap of DLC made by IBED is less than 1.0 eV, DLC
is not a Negative Electron Affinity material. The application of the DLC film in
electron devices has been carried out.



AU9716288

04.075

Effect of ECR Plasmas on Gas-Source MBE Growth of InP

D.B. Mitchell1, D.A. Thompson*. P. Mascher1, N. Lagali1, B.J. Robinson1 and
P.J. Simpson2

Centre for Electrophotonic Materials and Devices and Dept. of Engineering
Physics, McMaster University, Hamilton, Ontario L8S 4L7, Canada
2Positron Beam Laboratory, Dept. of Physics, University of Western Ontario,
London, Ontario K1Y 4H7, Canada

We report on the growth of InP by gas-source molecular beam epitaxy
(GSMBE) under normally incident plasmas produced from high-purity
hydrogen (H), deuterium (D), helium (He) or argon (Ar) gases by an electron
cyclotron resonance system. The samples were grown at substrate
temperatures from 300 to 500 °C . The energy dependence of the effects of He
plasma (only) were studied by biasing the substrate from -60 eV to +30 eV. The
H, D and Ar plasmas produced 3xlO16 cm3 to lxlO17 cm3 donor defects. The
He plasma growths from 400-465 °C were heavily compensated, resulting in
carrier concentrations below lxlO14 cm'3, while variable energy positron
experiments show - lx lO 1 9 cm 3 of annihilation sites. As the growth
temperature was reduced to 300 °C the carrier concentration climbed to
~2xlO18 cnr3 for all growths, overwhelming the plasma effects. Simple defects
can be used to explain the observed results. H seems to form a P-H bond,
likewise D. He appears to create P interstitials by recoil implantation. Ar may
be producing both P antisites and In interstitials in a two step collision
process.
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Synthesis of New Group IV Alloy Semiconductors by Ion-Assisted Epitaxy

G. He, M.E. Taylor, K. Saipetch and H.AP Afrwater
California Institute of Technology, Pasadena CA, 91125, U.S.A.

A new class of group IV semiconductor alloys, SnxGei.x and SnxSii.x has been
formed. These materials are synthesized as strain-relieved epitaxial single
crystal films on Si (001) substrates by ion-assisted molecular beam epitaxy, in
the range 0 <, x <, 0.5. The alloys, which are diamond cubic, homogeneous solid
solutions, have been characterized by in situ reflection high energy electron
diffraction, and postgrowth high-resolution X-ray diffraction and Rutherford
backscattering. Ion/atom flux ratios of order unity, enabled by an electron
cyclotron resonance ion source, are critical to overcome the severe surface
segregation of Sn during epitaxial growth, and the process can be framed in
terms of a continuum model for low energy recoil implantation of surface Sn
into the growing epitaxial layer. Tight-binding energy band calculations
suggest that these materials are extremely interesting (e.g., they should
exhibit direct energy gaps in the range of approximately, 0.5 eV <. Eg < 0 and
high carrier mobilities, for 0.3 < x <, 0.6 in the case of SnxGei_x and for x >. 0.7
for SnxSii-x). Limits to epitaxial growth and optical properties of these alloys
will be discussed.
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Energy Dependence on Crystalline Growth of Aluminum Nitride Films
Prepared by Ion Beam and Vapor Deposition Method

K. Ogata1. S. Nishiyama1, A. Ebe1, Y. Andoh1 and F. Fujimoto2

!R&D Div., Nissin Electric Co.,LTD., 47, Umezu-Takase-cho, Ukyo-ku, kyoto
615, Japan
2Okayama University of Science, 1-1, Ridai-cho, Okayama 700,Japan

Aluminum nitride films were prepared by vapor deposition of aluminum and
simultaneous bombardment of nitrogen ions (IVD method) on substrates of
fused silica and Si(100), (111) wafers at room temperature. The energy of
nitrogen ions was varied in the range of 2.0-20.0 keV, and the relation between
the ion beam energies and crystalline orientation of A1N films was studied.

X-ray diffraction patterns indicated that the intensity of (002) reflection of A1N
crystalline increased and became clear with decreasing the ion beam energy.
The films prepared with 0.2-1.0 keV nitrogen ion bombardment were formed
with only (002) axis oriented normally to the substrates. As a result of the
investigation with thermal spike and sputtering effects by ion irradiation, the
energy dependence on crystal growth of A1N films was shown.
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Surface Energy Driven Preferred Crystalline Orientation in Thin Films
Prepared Using Ion Assisted Deposition

M. Ghanashyam Krishna and S. Mohan
Instrumentation and Services Unit, Indian Institute of Science , Bangalore
-560012 India

The problem of growing oriented thin films on lattice mismatched and
amorphous substrates has received considerable attention recently due to its
obvious technological importance. Although, recently there have been a few
reports on the possible growth of such films, the origin of preferred orientation in
these systems has not been clearly understood.

In this paper, the authors report on the aspects of crystallinity in oxide thin
films of aluminium, cerium, titanium and zirconium grown on amorphous
substrates of fused silica, prepared using ion assisted deposition. It has been
observed that in the case of alumina and zirconia, their high temperature
crystalline modifications, alpha and cubic respectively, are formed at low
temperatures. In the case of ceria and titania the films show preferred
orientations on glass substrates. While it is normal to invoke channeling effects
in ion beam processed thin films to explain the crystalline behaviour we present
evidence in this paper which suggests that the structure behaviour is related to
secondary grain growth and hence surface energy. For example, the observed
(101) plane of the anatase phase of titania is not its easy channeling direction,
hence the existence of a preferred orientation, it is shown, can be caused only
due to a surface energy factor. Similarly, in alumina, electron microscopic
evidence to be presented suggest that secondary grain growth has occured and
this leads to the low temperature formation of the alpha alumina phase.

In conclusion, in this paper experimental evidence for surface energy driven
secondary grain growth and the consequent effects on crystalline behaviour of
oxide thin films is presented. It will be shown that rather than channeling,
thermodynamic effects predominate in determining crystalline behaviour of ion
assisted deposited oxide thin films.
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Growth Mode of Sio.sGeo.5 Epitaxial Layer on Si (100) by Ion Beam Assisted
Deposition

S.W. Park, J.Y. Shim and H.K. Baik
Department of Metallurgical Engineering, Yonsei University, 134 Shinchon-
dong, Seodaemun-ku, 120-749, Seoul, Korea

The nucleation and growth of the Sio.sGeo.5 alloy layer on Si (100) substrate
during Ion Beam Assisted Deposition (IBAD) have been investigated by atomic
force microscopy, reflection high energy electron diffraction, transmission
electron microscopy and double crystal rocking diffraction. It is confirmed that
Sio.sGeo.s nucleates on Si (100) via the Stranski-Krastanov (SK) mechanism.
Ar ion bombardment with an energy level of 300 eV and beam current density
of 10 uA/cm2 prolonged layer-by-layer stage in the SK growth mode and
improved crystalline perfection. The epitaxial growing temperature of the SiGe
film was 200 °C, which is much lower than that of MBE, and the Xmin value
was 10.5% lower than the MBE value. The effect of ion bombardment on
nucleation was explained as being the ion bombardment-induced dissociation
of three dimensional islands and enhanced surface diffusion, and appeared
only at low deposition temperatures where the dissociation of three
dimensional islands is more favorable than the formation of those islands.
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Heavily Carbon-Doped GaAs Layers prepared by Low-Energy Ion-Beam
Impinging during Molecular Beam Epitaxy

T, Ma1 '2- Y. Makita1, S. Kimura1, A. Yamada1, H. Shibata1, N. Kobayashi1

and S. Uekusa2

iElectrotechnical Laboratory, 1-1-4 Umezono, Tsukuba 305, Japan
2Meiji University, 1-1-1 Higashi-mita, Tama, Kawasaki 214, Japan

Low-energy (170 eV) C+ ion-beam doping during molecular beam epitaxy of
GaAs was carried out using combined ion beam and molecular beam epitaxy
(CIBMBE) system. Ion beam doping concurrent with MBE can offer
advantages such as low temperature doping, better incorporation probability of
dopant and low temperature doping, because energetic and ionized ions can
alter the surface kinetics. By means of this technique, we obtained good
crystalline quality of C-doped GaAs and high activation rate of about 80-90%
using 100 eV C+ ions. In addition, the data for C+-doping as a function of C+

energy indicated that 170 eV is the best energy to obtain highest concentration
under the same beam current density.

Heavily C-doped GaAs was grown at 550 °C and mass-separated 170 eV 12C+

ions were irradiated during growth. Films were characterized by low
temperature (2 K) photoluminescence (PL), Hall effect and four-crystal x-ray
diffraction measurements. Incorporated C atoms were both electrically and
optically well-activated as acceptors with doping levels up to lxlO20 cm3 in as-
grown condition. In the PL spectra, C-related specific emissions were clearly
observed, indicating a good quality of the films. In order to understand the
electrical activation of C atoms in the grown films, the numbers of C atoms
incorporated were estimated using Hall effect and x-ray diffractometry
measurements. For the samples, almost all of the C atoms were electrically
activated and activation rate of -85% was achieved with no subsequent heat
treatment.
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Silicon Carbide and Oxide Layer Formation by Low Energy (5-100 eV) Beams of
C+, O+ and CO+

B.C. Kim and H, Kang
Department of Chemistry, Pohang University of Science and Technology,
Pohang, Kyungbuk, Korea 790-784

Carbide and oxide layers are deposited on Si surface from low energy (5-100 eV)
beams of mass-selected C+, O+ and CO+ ions under ultrahigh vacuum
condition. The deposited layers are characterized in-situ by Auger electron
spectroscopy (AES) and ultraviolet photoemission spectroscopy (UPS). The C+

and O+ beams efficiently generate carbide and oxide layers respectively, with
sticking coefficients of the order of unity. CO+ ions produce a mixed oxide and
carbide phase via dissociative reaction channel. The CO+ dissociation is found
to be driven by both kinetic and electronic energies. Efficiency for the CO+

reaction is lower than atomic ion reactions but increases with beam energy.
Depending on the beam energy the chemical composition of a deposited layer
and its thickness vary substantially. The role of beam energy for influencing
the deposition rate, layer thickness and thermal stability is discussed.
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Mixing Effects by Electronic Processes in MgO Containing Na
Nanoprecipitates Bombarded with GeV Heavy Ions and 20 MeV Cluster
Beams

M. Beranger1, R. Brenier1, B. Canut1, S.M.M. Ramos1. P. Thevenard1. A.
Brunei2, S. Delia Negra2, Y. Le Beyec2, E. Balanzat3 and M. Toulemonde3

iDSpartement de Physique des Mate"riaux, University Claude Bernard - Lyon I,
69622 Villeurbanne Ce"dex, France
2Institut de Physique Nucle"aire, Orsay, 91406 Orsay Cedex, France
3Centre Interdisciplinaire de Recherches avec les Ions Lourds, 14040 Caen
C6dex, France

Single crystals of magnesium oxide containing nanoprecipitates of sodium were
bombarded with swift ions (~GeV-Pb, U) or cluster beams (-20 MeV-C60) to
study the phase change induced by electronic processes at high stopping power
(> 10 keV/nm). The sodium precipitates and the defect creation were
characterized by optical absorption and transmission electron microscopy.

The ion or cluster bombardment leads to an evolution of the Na precipitate
concentration but the size distribution remains unchanged. The decrease in Na
metallic concentration could be due to mixing effects at the interfaces between
Na clusters and MgO. In addition, optical absorption measurements show a
broadening of the absorption band associated with electron plasma oscillations in
Na clusters. This effect is due to a decrease of the electron mean free path
induced by a defect creation in the metal. All these results show an influence of
high electronic stopping power in materials known to be insensible to radiolysis.
The dependence of these effects on electronic stopping power and various solid
state parameters will be discussed.
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Etching of Silicon in a Helicon Reactor using Pulsed SFe Plasmas

Andrew Herrick, Andrew Perry and Rod Bo swell
Plasma Research Laboratory, Research School of Physical Sciences and
Engineering, The Australian National University, Canberra, ACT 0200,
Australia

We present the results of a series of experiments in which blanket wafers of
silicon were etched in pulsed SF6 plasmas excited in a Helicon etching reactor.
The etch rate was studied as a function of the pulse length for a fixed duty cycle
of 33% at an input power of 2500 W. The temporal evolution of the flourine
concentration in the plasma during the pulse was measured actinometrically
using argon as the actinometer. For long pulse times, the etch rate can be
predicted from the flourine concentration for a continuous plasma and the duty
cycle of the pulse. As the pulse length is decreased below 500 ms, the etch rate
begins to increase. We believe that this increase results from the presence of
flourine in the afterglow. There is also some evidence of an enhanced flourine
concentration at the start of each pulse.
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Volatile Products and Endpoint Detection in Reactive Ion Etching of III-V
Compounds with a Broad Beam ECR Source

D.L. Melville, J. Budinavicius, D.A. Thompson and J.G. Simmons
Centre for Electrophotonic Materials and Devices, McMaster University,
Hamilton, Ontario, L8S 4L7, Canada

A broad beam ECR plasma source has been applied to low pressure
hydrocarbon reactive ion etching of III-V compounds. An additional R.F. bias
is applied to the sample stage providing the means for independent control of
plasma density and bombarding energy of ions on the sample surface.
Chemical aspects of the etching process have been investigated with a
differentially pumped quadrupole mass spectrometer. In particular, the
dominant group III volatile species in InP and GaAs have been clearly
identified for the first time as In(CH3>2+ and Ga(CH3)2+ respectively. The
successful detection of these species is believed to be related to the low pressure
operation of these broad beam sources. This gives rise to an increased mean
free path and reduces gas phase polymerization of high mass hydrocarbons
which would otherwise mask the volatile product signals. Finally, we report
the application of volatile product identification to endpoint detection and
demonstrate resolution for multiple layers as thin as 50 A. These results
confirm that etch uniformity over the surface area of the sample is very good
for these sources.
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Ion Beam, and Laser-Assisted Micromachining of Single-Crystal
Diamond Components1

J.D. Hunn1, S.P. Withrow1, C.W. White1, and C.P. Christensen2

!Oak Ridge National Laboratory, P. 0. Box 2008, Oak Ridge, TN 37831, U.S.A.
2Potomac Photonics, 4445 Nicole Drive, Lanham, MD 20706, U.S.A.

We have combined an ion beam technique for the lift-off of thin diamond films
with a pulsed-laser technique for engraving diamond to produce, for the first
time, free-standing single-crystal diamond microcomponents2. MeV implantation
of C or O is used to produce a thin graphitic sacrificial layer buried several
microns below the surface of a bulk diamond crystal. Thermal annealing in
oxygen at 550 °C selectively etches the sacrificial layer, allowing the crystalline
diamond overlayer to be removed from the substrate. Prior to removal, an ArF
microbeam laser system was used to etch the desired shape of the
microcomponent in the diamond surface through a process of controlled laser
ablation which gives rise to the required vertical etching. Combining these
techniques, we have produced free-standing single-crystal diamond
microcomponents such as gears, cantilever beams, etc., with spatial dimensions
of 100-400 îm. Considerably smaller diamond microcomponents should be
possible.

1Research is sponsored by the Division of Materials Sciences, U.S. Department of Energy, under
contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.
2J. D. Hunn et al., Appl. Phys. Lett, (submitted).
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A Study of the Compositional Changes in GaAs(lOO) Surfaces due to Ar Ion
Bombardment and Reactive Ion Etching by means of ARXPS and LEISS

J.L. Sullivan. W. Yu and S.O. Saied
Department of Electronic Engineering and Applied Physics, Aston University,
Birmingham B4 7ET, United Kingdom

The effects of chemical etching, noble gas ion bombardment and reactive ion
etching on GaAs(lOO) surfaces was investigated by Angular Resolved X-ray
Photoelectron Spectroscopy (ARXPS) and Low Energy Ion Scattering
Spectroscopy (LEISS). The results show that at the received GaAs surface, Ga
oxide is the major component, resulting in a Ga concentration slightly higher
than As. Chemical cleaning by hydrochloric acid (at a HCl(conc) to H2O ratio
of 1:1) followed by solvent washing efficiently removed the oxide layer, however,
ARXPS showed a strong As enrichment occurs at the cleaned GaAs surface.
Ion bombardment was carried out using 3 keV Ar ions with a beam current of
IJIA for 50 minutes. XPS results show that at steady state the ion bombarded
GaAs surface is depleted in As (As/Ga-0.8), but ARXPS indicates an As
increase at the very surface. This is further confirmed by Ne+ LEISS analysis,
which shows in the top layer As concentration is increased by 50% after ion
bombardment. The results indicate that bombardment induced compositional
changes in this surface are due to Gibssian segregation. The results of reactive
ion etching in a 200 watt Freon 12 plasma for a period of 5 minutes at 60 mtorr,
showed that this apparently low damage process also produces significant
compositional changes in the surfaces. The report illustrates the benefits of
using complementary surface analytical techniques in such studies.
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Etching in the Helicon Reactor with SiC^

Mark Jarnvk and Rod Boswell
Plasma Research Laboratory, Australian National University, Canberra 0200,
Australia

High etch rates (= 2 um min1) of GaAs have been demonstrated in the Helicon
reactor with SiCU. SiCU is a gas which is widely used to etch semiconductors
yet very little is known about the etching processes in this important gas. A
first step to achieving this understanding is identifying the species in the
plasma and we have used energy-selective mass spectrometry to identify the
positive ion and neutral species. These measurements show that at low
pressures (1 mtorr), Cl+, Cl2+ and Cl dominate whereas at higher pressures (5
mtorr) SiCl+ and SiCU are dominant. Optical emission spectroscopy shows
that SiCl and SiCl2 neutrals are also present in these plasmas. We have used
these measurements to show that the etch rate of GaAs is a strong function of
the neutral Cl flux at low pressures but at higher pressures there is an excess
of Cl, yet the etch rate is reduced. We have used Langmuir probe
meaurements of the current density to show that for this high pressure case
the etch rate is strongly correlated with the current density but is independent
of the energy flux.
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On the Nature of the Centers Formed under Plasma Etching of Si

KiA, Yarykin, S.V. Koveshnikov and E.B. Yakimov
Institute of Microelectronics Technology RAS, 142432 Chernogolovka, Moscow
District, Russia

It has been observed recently by DLTS studies that E(0.22)-center with energy level
Ec-0.22 eV is the principal defect formed under room temperature plasma etching of
Si. The identity of this center with that created at the first stage of well-known A-
center annealing has been established. However, there are contradictory opinions on
the nature of the latter in the literature. It is shown in this report that careful
analysis of the damages produced by plasma etching gives an unambiguous argument
for the mono-vacancy nature of the E(0.22)-center.

As main point, it has been found that the redistribution of metal impurities takes
place near the treated surface simultaneously with E(0.22)-center formation under
plasma etching, the characteristic depths of both processes are very close. The
theoretical analysis of the kinetics of these processes has shown that only mono-
vacancy structure of E(0.22)-center is compatible with the assumption that namely
mono-vacancy diffusion controls the impurity redistribution.

Besides, the possible reasons for the difference of the defect spectrum formed under
plasma etching from that under ordinary ion implantation is also discussed in the
report.
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Surface Reactions Induced by Reactive BF+ and BF2+ Ion Bombardment with
Au Surfaces

Y.G. Shen* and W.M. Lau
Surface Science Western, University of Western Ontario, London, Ontario N6A
5B7, Canada

The surface reactions induced by reactive BF+ and BF2"1" ion bombardment of
gold at 10-250 eV were studied using a quadruple-based LEIS. The energy
distributions of dissociative ion fragments and survival molecular ions have
been measured. The observed onset values of 35 eV for BF+ dissociation and 20
eV for BF2+ dissociation indicate that dissociation is entirely due to the
vibrational excitation at impulsive collision with the surface. Secondary ion
mass spectroscopy (SIMS), sputtered neutral mass spectroscopy (SNMS) and
x-ray photoelectron spectroscopy (XPS) were used to examine that only atomic
boron and boron fluorides products appear at the Au surface. No evidence for
fluorine chemisorption and deposition at the surface was found. Estimates of
the penetration depth of the boron atoms are obtained from LSS theory and
TRIM calculations. A model for this interaction is proposed for the reaction
which includes charge transfer neutralisation, collision induced dissociation
of the ion at the surface followed by deposition and penetration into the surface.

*Present address: Department of Physics, University of Newcastle, Newcastle, NSW 2308,
Australia.
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Radiation Damage in Ion-Bombarded Alumina: Discrimination Between
Chemical and Ballistic Contributions

A. Benyagoub1, J.-C. Dran2. F. Garrido2, G. Marest1, N. Moncoffre1 and L.
Thome"2

1IPNI IN2P3-CNRS-Universite Lyon I, 69622 Villeurbanne, France
2CSNSM, IN2P3-CNRS, 91405 Orsay, Campus Orsay, France

Increasing fluences of 1.5 MeV Zr ions, ranging from 1014 to 8xlO15 ions/cm2,
were implanted at great depth (200 to 800 nm) into AI2O3 single crystals at liquid
nitrogen temperature and room temperature. The extent of radiation damage was
determined by in-situ RBS and channeling measurements, using 2.9 MeV He
ions. The experiments were performed with a bimodal tandem accelerator which
supplied both Zr+ ions (tandem mode) and He2+ ions (van de Graaff mode). Upon
implantation at liquid nitrogen temperature, the disordered fraction of Al atoms
steadily increases with the ion fluence, but never exceeds 87% in the near surface
region i.e. before 200 nm in depth, where the Zr concentration remains negligible
(<0.02%) whatever the fluence. This value thus corresponds to the upper limit of
the ballistic contribution to radiation damage. In contrast, in the ion stopping
zone, at about 500 nm below the surface, the Al sublattice is more disordered as a
result of the additional chemical contribution of the Zr atoms, and becomes totally
disordered at the highest investigated fluence of 8xlO15 Zr ions/cm2. At room
temperature, the disorder is never complete even in the ion stopping region.
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Aspect Ratio of Heavy Ion Tracks in Some Track Recording Dielectrics

H.S. Virk and G.S. Randhawa
Physics Department, Guru Nanak Dev University, Amritsar-143005, India

The fabrication of microelectronic circuits depends upon lithography. Ion track
technique, which has recently been developed as a lithographic technique, has
wide applications in microstructure technology. Aspect ratio, which is defined as
the ratio of the track depth to its diameter, is of great significance in three
dimensional structures and has been determined for different dielectric
materials.

Samples of muscovite mica and CR-39 plastic were irradiated from the UNILAC
accelerator at GSI, Darmstadt, using *4N (10.83 MeV/u), 19?Au (11.4 MeV/u),
and 132Xe (14.5MeV/u and 5.9 MeV/u) ion beams having fluence 104 ions/cm2 at
normal incidence. Similarly, the samples of soda glass were irradiated by 48Ti
(4.0 MeV/u) and 56Fe (4.0 MeV/u) ions at JINR, Dubna (Moscow) and by ^ L a
(14.6 MeV/u) and 238U (11.4 MeV/u and 5.9 MeV/u) ions at GSI, Darmstadt.
Track depth to diameter ratio is determined for these materials by chemical
etching in suitable reagents. The variation of the aspect ratio with etching time
is studied and a correlation between longitudinal to lateral damage is
established. A comparison is made between aspect ratios of soda-glass and BP-1,
the most sensitive phosphate glass, irradiated by 238U (11.4 MeV/u) at GSI,
Darmstadt.
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Defect Generation and Removal during 50-100 eV Collisions of Noble Gas Ions
with Graphite. An SIM Study.

J. Han and H. Rang
Department of Chemistry, Pohang University of Science and Technology,
Pohang, Kyungbuk, Korea 790-784

Ne+, Ar+, Kr+ and Xe+ beams with impact energy of 50-100 eV are bombarded
onto graphite (0001) surface and the resulting defect structures are examined
by scanning tunneling microscopy (STM). We find that predominant features
are point defects where one to a few carbon atoms are removed from the
surface. The size of defect increases with projectile mass. Noble gas trapping
underneath the first layer of graphite is also indicated from STM image. By
comparing with the classical trajectory simulation result of ion-graphite
collisions, we propose that a majority of Frenkel defects generated during the
collision is spontaneously annihilated by thermal diffusion of the interstitial
carbons. Implications of these findings to the processes of low energy ion
deposition and injection are discussed.
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Anomalous Resistive Transition of Furnace Annealed rf-Sputtering
Films on Si Wafers

jKazuhiro Hatanaka. Takashi Itoh, Masakazu Tatumi and Katuhiro Yokota
Faculty of Engineering, Kansai University, Suita, Osaka, 564 Japan

Predominantly (002) and (031) oriented YBa2Cu3Ox thin films were prepared
on p-type (100) Si wafers by rf-sputtering YBaxCuyOz targets in 0.3 torr Ar.
Temperature of the Si substrate was held to about 200 °C during the sputtering.
The films with a thickness of 3 um was annealed in 1 atm O2 at 500-650 °C for
60-300 min. Resistivities of the film started to decrease at 120-180K and reached
abruptly a very small value at 80-100 K. The films remained about 1-3% Ar
even after the annealing.

On the other hand, the polycrystalline YBa2Cu3Ox thin film was deposited on
the Si substrates heated to 400°C by the rf-sputtering technique and
subsequently were annealed in 1 atom. A steep decrease in the resistivities of
the film occurred at temperatures lower than the Ar doped YBa2Cu3Ox thin
film. The Ar atom, thus, resulted in increase in temperature starting a steeply
decrease in the resistivity of the YBa2Cu3Ox thin film.
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Study of Crystallization of Copper Films on Polymer Substrates prepared by Ion
and Vapor Deposition (IVD) Method

A. Ebe1. Y. Iwamoto1, S. Nishiyama1, O. Imai1, K. Ogata1, Y. Setsuhara2 and S.
Miyake2

!R&D Division Nissin Electric Co.,Ltd. 47 Umezu Takase-cho, Ukyo-ku, Kyoto 615,
Japan
2Welding Research Institute, Osaka University, 11-1 Mihogaoka, Ibaraki, Osaka
567, Japan

We have studied the crystallization of copper thin films on polyimide film
substrates prepared by evaporation of copper metal and simultaneous irradiation
of argon ions with the energy 2.0 keV. The argon ion dose density at the interface
between the copper films and the substrates was changed from 5.0xl014 to 5.0xl016

ions/cm2. The crystallization of copper films was evaluated by the X-ray
diffraction method. The X-ray diffraction pattern showed the peaks due to Cu(lll),
(200) and (220) and the X-ray diffraction intensity in the Cu(lll) plane was
increased with increase of the argon ion dose density.

To study of the relationship between the crystalline growth and the state of
substrate surface, the copper thin films were formed on the polyimide films by
using the vapor deposition after argon ion bombarding to the polyimide film
surface. In the ion irradiating step, an ion irradiation energy and an ion dose
density were controlled, so that the crystal of copper (111) plane was greatly
growth. Therefore it was considered that the state of the polyimide film surface
was changed by argon ion bombardment, which affected the crystalline state of
copper film.
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Ne+ , Ar+ and Xe+ Ion Bombardment Induced and Suppressed
Topography on Si

V. Vishnyakov and G. Carter
Joule Laboratory, Science Research Institute, University of Salford, Manchester,
M5 4WT, U.K.

The topographic evolution of Si irradiated at room temperature with Ne+, Ar+

and Xe+ ions in the energy range 5 - 4 0 keV at 45 degrees to the substrate
normal at high ion fluences has been studied. Other than isolated etch pits no
topography results from Ne+ bombardment at all energies or from Ar+
bombardment at 5 and 10 keV. Ar+ bombardment at 20 keV, however, initially
produces transverse low-amplitude waves which transform, with increasing
erosion, into larger amplitude corrugated and facetted wave-like structures. The
present data do not conform to existing model predictions but do suggest that,
technically, light low energy gas ions can be used to inhibit roughening during
sputtering erosion. Xe+ ion bombardment, on the other hand, produces clearly-
defined transverse wave structures on the surface, which are inimical to sputter-
profiling applications. However, Xe+ bombardment-induced morphology, when
exposed to further Ne+ or 10 keV Ar+ bombardment loses its rippled habit,
indicating that such irradiation can be employed to cure the deleterious
roughening processes as well as inhibit roughening.
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Computer Simulation of the Evolution of the Compound Targets and
Multilayered Structures in the Course of Ion Sputtering

B.J. Ber, V.S. Kharlamov, A.V. Merkulov, Yu.V. Trushin and E.E. Zhurkin
Ioffe Physical-Technical Institute, 194021 St.-Petersburg, Russia

The problem of the restoration of the true in-depth composition profiles of
multilayered and low-dimensional heterostructures from SIMS profiling data
[1] is studied by means of the computer simulation of the ballistical stage of ion
sputtering process. The simulation of the single collisional cascade was done
by means of TRIRS code [2], that permits to generate in non-uniform
multilayered target (up to 8 layers with different composition) in-depth
distribution of the target atoms of different kinds (up to 10 different types of
atoms), radiation-produced interstitials, vacancies and implanted primaries.
The ballistical stage of ion sputtering is simulated by the spatial overlapping of
the subsequent collisional cascades in the disturbed subsurface region, where
atomic volumes of all radiation-produced defects and implanted primaries are
taken into account, as well as different displacement energies and surface
binding energies for different atomic components. The simulation of the
evolution of the partial atomic sputtering yields vs. fluence (that is equivalent
to time/depth of sputtering) for GaAs target plane-doped with the Si atoms with
the concentration about 1012 atoms/cm2 is presented. It is compared with the
results of SIMS in-depth profiling of such structure grown by low-temperature
MBE.

References:
[1] B.J. Ber, A.V. Merkulov, Nauchnoe Priborostroenie (Scientific

Instrumentation), v.2 (1992), No.4, p.31 (in Russian)
[2] E.E. Zhurkin, Materials of the XI Intern. Conf. "Interaction of Ions with

Surfaces", Moskow, 1993, v.3, p. 105 (in Russian)
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Transformation of Nano-Crystalline Oxides by Dense Electronic
Excitations*

E. Doorhvee1. V. Chailley1, C. Dufour2, F. Gourbilleau2, M. Levalois2, G. Nouet2,
E. Paumier2, Ch. Laurent3 and C. Monty4

iCIRIL, rue C. Bloch, BP5133, 14040, CEAN cedex, France
2LERMAT-ISMRa, Cean
3LCMI, Universite P. Sabatier, 31062 Toulouse, France
4Odeillo, France

Preliminary experiments [1,2] have shown that the formation of high energy ion
tracks in polycrystalline materials would depend on the crystallite size.
Backward reflection of ion-emitted electrons on the grain boundaries could cause
some energy confinement, responsible for the transformation of the cyrstallite if
it is sufficiently small.

We report on the current observations by electron microscope of nanocrystalline
SnO2 and Fe-Al2C>3 nanocomposite, irradiated by GeV heavy ions. We describe
the effects on the nano-structure.

[1] K. Izui, J. Phys. Soc. Japan 20 (1962) 1441.
[2] T.S. Noggle, J.O. Stiegler, J. Appl.Phys. 33 (1962) 1726.

*Ion irradiation performed at the GANIL, Caen, France.
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Ion-Beam Modification of the Binary Compound Surfaces

K.Sh. Chokin
Physical Technical Institute of the National Academy of Sciences of the
Republic Kazakstan, 480082, Almaty, 82, Kazakstan
The selective sputtering of CU9AI4 and CdsCus binar compounds has been
investigated by the Auger-electron spectroscopy technique. The composite
atoms have close values of the surface energy in the "pure" state for CU9AI4
and the values differing by three times for CdsCus. The changes of element
composition at the surfaces of the materials due to irradiation by ions of He+,
Ar+, Kr+ and Xe+ have been studied. The ion energy has been varied within
0.5-3 keV, and the incidence angle has been changed within 0-70°. The
experiment has shown that the surface element composition after irradiation
is determined, mainly, by physical properties of a target.

In this work mathematical simulation of the experiment under the normal
angle of incidence has been carried out. The calculation scheme involves the
processes of atomic mixing and subsequent system relaxation into an
equilibrium state after the change of the material local atom density. Spatial
distributions of atoms in irradiated materials have been obtained. Theoretical
values of the surface element composition are in good agreement with data of
the experiment.
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Ions as Useful Tool for Carbon Film Deposition and Modification

J. Ullmannl. P. Heger2, K. Pinker^, U. Falkel and K. Baba2
1Technische Universitat Chemnitz-Zwickau, Institut fur Physik, 09107
Chemnitz, Germany
2Technology Center of Nagasaki, 2-1303-8, Ikeda, Omura, 856 Nagasaki, Japan

The aim of the contribution is to demonstrate the effect of ions on growth and
post-treatment of thin films. Carbon was used as film material. Due to the
unique possible modifications (diamond, graphite, amorphous carbon, carbon
containing materials) carbon films are an actual object in basic research and
application.

The low energy ion assisted evaporation (IAE) method was used for the film
growth. At first our modified computer controlled IAE-system, which also
overcomes the problems during long time carbon sublimation, will be described.
Furthermore, for a better understanding of the growth process, the particle
fluxes on the substrate were studied with respect to charge states, energy, and
cluster effects by quadrupole mass spectroscopy and retarding field analysis. The
effect of additional ion bombardment on the resulting carbon films was studied.
The results will be discussed with respect to ion-solid interaction and possible
growth mechanisms.

Furthermore, thin polycrystalline diamond films were bombarded with low
energy (200... 2000 eV) noble gas ions at various doses. The unbombarded and
bombarded films were investigated by scanning electron microscopy, raman
spectroscopy and auger electron spectroscopy. The results of the ion
bombardment experiments will be discussed in terms of both a possible defined
patterning and shaping of diamond for applications and the possibility to grow
polycrystalline diamond with the IAE method.
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Ion-Surface Interactions as a Tool for Exploration of Very Low Temperature
(<370 °C) Silicon Epitaxy

M.V.R. Murty and H.A. Atwater
California Institute of Technology, Pasadena CA, 91125, U.S.A.

Low temperature epitaxial growth of silicon and other semiconductors is
characterized by a crystal to amorphous transition at a finite epitaxial
thickness. This is a curious result, since a single crystal substrate should not
have a 'wrong site' for adatom incorporation that would lead to a breakdown of
epitaxial growth. In this paper, we discuss recent work in which the crystal to
amorphous transition in Si (001) homoepitaxy is clarified, and an atomistic
mechanism is proposed. Ion-assisted epitaxy experiments are used to
demonstrate the critical role of nanometer-scale surface roughness and
adsorbed hydrogen in the crystal to amorphous transition. Low energy He+ <50
eV ion irradiation can be used to sputter adsorbed hydrogen without damage to
the silicon surface, enabling silicon epitaxy at temperatures as low as 150 °C.
Low energy Ar+ ion irradiation can be used to reduce surface roughness from
several nm to less than 1 nm, enabling an increase in the epitaxial thickness.
Molecular dynamics simulations, which use a Si-H interatomic potential
developed in our lab, indicate a chemically enhanced physical sputtering
mechanism for hydrogen removal. Simulations also indicate that an increase
in the incident particle energy from thermal energies characteristic of
molecular beam epitaxy to a mean energy of 4 eV enables epitaxy on hydrogen
terminated surfaces.
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On the Mechanism of Crystal Growth Orientation of Ion Beam Assisted
Deposited Thin Films

W. Ensinger
Universitat Augsburg, Institut fur Physik, 86159 Augsburg, Germany

The high number of degrees of freedom of the process parameters of ion beam
assisted thin film deposition allows to form thin films with special features.
Among these process parameters are ion energy, ion irradiation intensity, atom
condensation rate and ion impact angle. By contrast to plasma deposition
methods, these parameters are independent of each other and can be selected
over a wide range. By carefully selecting the ratio I/A of condensing atoms to
impacting ions, the ion energy E and the angle © of ion incidence, films with a
high degree of crystallographic orientation can be formed. In special cases
biaxially aligned films with a high degree of in-plane orientation ("single-crystal"
films) can be obtained. To-date several mechanisms for the development of
texture are discussed. The present contribution reviews results from
measurements on ion beam induced texture formation from the literature (e.g.
Cd, Nb, TiN, TaN, CrN, ZrO2) and presents new data on TiN and CrN. Based on
these results, the mechanisms which are envolved in texture formation are
discussed as a function of the IBAD parameters I/A, E and 0. These mechanisms
include surface energetic arguments, kinetic growth control, radiation damage
and stress development. As a result of this discussion, a better understanding of
texture development in the IBAD process is gained.
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Surface Treatment by Low Energy Metal Ion Implantation

T. Weber. J. Verhoeven and F.W. Saris
FOM Institute for Atomic and Molecular Physics, Kruislaan 407, 1098SJ
Amsterdam, The Netherlands

One of the critical issues in thin film deposition is good adhesion of the film
with the underlying substrate. Tayloring of the substrate-film interface on a
small scale is desirable. It has been shown, that pretreatment of steel surfaces
by metal ion implantation improves the adhesion of subsequently deposited
hard coatings. The reason has to be connected with the change of structure
and composition of the pretreated material. In this study, we pre-implant Ti
ions into steel and iron by means of the cathodic arc technique at acceleration
voltages of 1.2 kV or lower. We focus on the compositional and structural
properties of the formed interlayer. Analysis is performed by means of Auger
depth profiling, Rutherford Backscattering (RBS), Particle Induced X-ray
Emmission (PIXE) and Transmission Electron Microscopy. The dependencies
on ion fluence, energy and temperature are investigated as well as dependence
on working gas pressure and impact angle. The results are discussed in terms
of basical processes and with respect to possible applications.
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Surface Modifications by Gas Cluster Ion Beams
I. Yamada1. J. Mastuo2 and M. Akizuki2

1Ion Beam Engineering Experimental Laboratory, Kyoto University, Sakyo,
Kyoto 606, Japan
2Microelectronics Research Center, SANYO Electric Co Ltd, 180 Ohmori,
Anpachi-Gun, Gifu 503-01, Japan

Gas cluster ion beam processing which has recently been developed is a new
surface modification technique. Cluster ion beam has two advantages. One is
that cluster ion provides equivalently a low energy high current ion beam,
because several hundred atoms constituting a cluster with energies of a few
tens keV have only a few hundred eV each. The other is high density energy
deposition, which is due to multiple-collisions of incident atoms and target
atoms.

Our experiments and MD simulations have shown that the impact process of
energetic gas cluster ion on a surface is quite different from that of energetic
monomer ion and offers many unique and new applications for ion beam
processing. High-yield sputtering, surface smoothing effects, film formations
and shallow implantation have been demonstrated.

The most important features in the cluster ion beam processing are lateral
sputtering and high density energy deposition. These cluster-collisional effects
could not be achieved by monomer ion beam processing. The mechanism of
cluster-type effects and applications of cluster beam processing will be
discussed.
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ECR Plasma-Assisted Deposition of MO* and AI2O3

J.C. Barhour. D.M. Follstaedt, R.J. Bourcier, S.M. Myers, B.G. Potter, M.B.
Sinclair, and J.S. Custer
Sandia National Laboratories, Albuquerque, NM 87185-1056, USA.

Electron cyclotron resonance (ECR) 02-plasmas, in conjunction with electron-
beam evaporation of Al, were used to grow thick A1OX films with varying but
controlled composition and microstructure. The ion energy was varied from 30
to 300 eV, and growth temperatures varied from 130 °C to 600 °C. The film
compositions were varied from AIO0.1 to AI2O3 by controlling the plasma
parameters. The Al-rich alloys were compared to high-energy O-implanted Al
in order to assess their strength, while the pure AI2O3 films were examined as
hard coatings and high refractive index waveguides on a low index SiC>2
cladding layer (n=1.45). The Al-rich alloys exhibited a fine-grain (10-80 nm) fee
Al microstructure with Y-AI2O3 precipitates (~1 nm), similar to that found in
gigapascal strength O-implanted Al. Using nanoindentation, the load-depth
response of a 500 nm thick ECR AlOo.25 film o n Al showed a penetration depth
of 80 nm at 0.5 mN load, which is comparable to the 57 nm depth (at 0.5 mN)
for a 500 nm thick 20 at.% O-implanted Al layer and much less than that of
pure Al without a hard coating (= 200 nm). As-deposited stoichiometric AI2O3
films were amorphous, with n=1.62 at a wavelength of 633 nm. These films
crystallized into Y-AI2O3 by annealing to 800 °C. Incorporation of Er during
AI2O3 deposition gave an optically active species whose photoluminescence

intensity and lifetime (t) were compared to Er-implanted AI2O3 (t ~ 2-3 ms).

This work was supported by the US DOE contract DE-AC04- 94AL85000.
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Pulsed Oxygen and Oxygen/Silane Helicon Diffusion Plasmas*

C, Charles1, R.W. Boswell1 and M. Kuwahara2

iPlasma Research Laboratory, RSPhysSE, ANU, ACT 0200, Australia
2Nissin Electric Co. Ltd., Kyoto 615, Japan

Continuous and pulsed oxygen plasmas have been created and partially
modelled in a helicon diffusion reactor used for the deposition of silicon dioxide
films. An energy selective mass spectrometer and a Langmuir probe attached to
the wall of the silica covered aluminum diffusion chamber below the source have
been used to characterize the plasma (Ion Energy Distribution Function (IEDF),
plasma potential, floating potential, plasma density). The ion flux can be
significantly modified by pulsing the discharge. In the continuous case, the IEDF
of the C>2+ ions escaping from the plasma to the sidewalls of the chamber consists
of a single peak at an energy corresponding to the plasma potential in the
chamber (= 32 Volt). In the pulsed case, the IEDF exhibits two additional peaks
at high (= 60 Volt) and low (= 15 Volt) energy as a result of different states of the
plasma during the pulse period: three regimes corresponding to the plasma
breakdown, steady-state and decay have been observed and characterized.
Similar results were obtained for high oxygen/silane ratios and deposition of
silicon dioxide films using pulsed oxygen/silane plasmas has been achieved and
modelled.

*Work partially funded by and carried out on behalf of the Harry Triguboff AM Research
Syndicate.
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Ion Beam Assisted Deposition in the Synthesis and Fracture of Metal-Ceramic
Microlaminates

Gary S. Was1. J. Wayne Jones2 and Christine E. Kalnas2

depar tments of Nuclear Engineering and Materials Science and
Engineering, University of Michigan, Ann Arbor, MI 48109, U.S.A.
2Department of Materials Science and Engineering, University of Michigan,
Ann Arbor, MI 48109, U.S.A.

Multilayer metal-ceramic films have the potential to serve as strong, tough
and environmentally resistant films and coatings for a wide variety of
applications. They derive their properties from the multilayer structure
(architecture), the microstructure of the lamellae and the stress state of the
film. However, in order to realize the potential of microlaminates, these
features - architecture, microstructure and stress - must be controlled. In an
effort to understand how ion beam assisted deposition (IBAD) can control
mechanical properties of films, single trilayer and 5-bilayer metal-ceramic,
AI-AI2O3 films were fabricated on ductile metal substrates using ion beam
assisted deposition over a range of thicknesses, and normalized energies.
Results of bending and tension experiments revealed that the stress state is
critical in determining the fracture strain (ductility) of the film as measured
by the density of surface cracks at high strains. Use of a multilayer structure
reduces the crack density over a monolithic oxide film by increasing the strain
needed to form through - thickness cracks and by increasing the intrinsic
strength of the brittle layers by decreasing their thickness. Ion bombardment
of the metal layers resulted in radiation damage and grain size refinement,
both of which result in a stronger film and a lower crack density. It is shown
that architecture, microstructure and stress are the key ingredients in
microlaminate properties and are uniquely controllable by IBAD.
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High Pressure Phases by Low Energy Ion Implantation

David McKenzie
School of Physics, University of Sydney, NSW 2006, Australia

The energy range between approximately 20 eV and 1 keV produces special
effects in materials processing. These energies are sufficient to cause bond
breakage and the shallow implantation (subplantation) of incoming ions.
Compressive stress arises as a result of the implantation and has a strong
influence on the structures produced. Film growth at these energies has been
found to produce oriented structures which reflect the tendency for the system to
minimise its free energy. Highly anisotropic materials such as sp2 bonded
carbon and hexagonal boron nitride provide good examples of preferred
orientation. If the compressive stress is sufficiently high, high pressure phases
such as diamond and cubic boron nitride are observed to form. Molecular
dynamics simulations provide useful information on the details of the processes
and reproduce experimental observations.
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Cubic Boron Nitride Formation by Deposition of B+ and N+ Low Energy Ions

H.C. Hofsass1. C. Ronning1, U. Griesmeier1, M. Grofl1, S. Reinke2

JFakultat fur Physik, Universitat Konstanz, D-78434 Konstanz, Germany
2Institut fur Technische Physik, Universitat Kassel, D-34109 Kassel, Germany

Cubic boron nitride film formation can be achieved with several deposition
techniques like physical vapour deposition, ion assisted deposition, r.f.
sputtering or chemical vapor deposition. In all these techniques impact of
energetic ions onto the growing BN film occurs. In this paper we study the
formation of cubic boron nitride in thin films grown by exclusive deposition of
low energy B and N ions. We have grown boron nitride thin films by
alternating deposition of mass separated 1 0B+ or 1:LB+ and 14N+ ions with
defined energy in the range 100-800 eV onto Si substrates at temperatures
between 20 °C and 400 °C. Ions from a plasma ion source were accelerated to 30
keV, mass separated and decelerated in a UHV deposition chamber. The film
composition was controlled by the B to N charge ratio and was analyzed by
Auger spectroscopy and RBS. The density of the films were determined bv RBS.
The microstructure of the films was studied by IR-spectroscopy, x-ray
diffraction and SEM. IR-absorption spectra indicate cubic phase formation in
films grown at ion energies around 500 eV and a substrate temperature of
about 350 °C. The effect of different deposition parameters, like ion energy and
substrate temperature, on the film growth and film properties is discussed.
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In-Situ Deposition of Sacrificial Layers During Ion Implantation

Andre Anders. Simone Anders, Ian G. Brown and Kin M. Yu
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720,
U.S.A.

The retained dose of implanted ions is limited by sputtering. It is known (work by
Whitton and others) that a sacrificial layer deposited prior to ion implantation can
lead to an enhanced retained dose. However, a higher ion energy is required to
obtain a similar implantation depth due to the stopping of ions in the sacrificial
layer. It is desirable to have a sacrificial layer of only a few monolayers thickness
which can be renewed after it has been sputtered away (work by Tolopa,
Ryabchikov and others). Metal Plasma Immersion Ion Implantation and
Deposition (PIIID) offers a new elegant way to deposit in-situ a sacrificial layer.
In PIIID, the substrate is immersed in a metal or carbon plasma and a negative
repetitively pulsed bias voltage is applied. An electric sheath is formed around the
substrate, and ions are accelerated through the sheath and implanted into the
substrate while the sacrificial layer suffers sputtering. Low-energy thin film
deposition - repair of the sacrificial layer - occurs between the pulses. No foreign
atoms are incorporated into the substrate since the sacrificial film is made of the
same ion species as used in the implantation phase. We outline the idea of this
method, report about Monte-Carlo simulations and first experiments confirming
this approach.

Work supported by EPRI and the U.S. Department of Energy.
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Creep of a Crystalline Metallic Layer Induced by GeV Heavy Ion Irradiation

A. Benyagoub1, A. Chamberod2, J.C. Dran3, A. Dunlop1, F. Garrido3, S.
Klaumünzer4 and L. Thome3

!LSI, CEA, Ecole Polytechnique, F-9112 Palaiseau, France
2IPN-Lyon, IN2P3-CNRS, F-69622 Villeurbanne Cedex, France
Centre d'Etudes Nucléaires de Grenoble, F-38041 Grenoble, France
3CSNSM, IN2P3-CNRS, F-91405 Orsay Campus, France
4Hahn-Meitner-Institut, D-14109 Berlin, Germany

The atomic transport induced in amorphous systems by ion electronic energy loss
is studied on metallic sandwiches irradiated at liquid nitrogen temperature with
GeV iodine ions. The sandwiches are composed of two amorphous NÍ3B layers of
thickness 1 um and of one crystalline Au or W layer of thickness varying from 20
to 900 nm. Rutherford backscattering experiments using a 3.6 MeV He beam were
performed to determine the modifications of the geometry of the sandwiches due
to irradiation. The results show an unexpected and huge creep phenomenon
experienced by the crystalline layer, with an amplitude decreasing with the layer
thickness. This creep phenomenon is induced by the plastic deformation process
occurring in the surrounding amorphous layers and due to ion electronic energy
loss. A rheological model is developed to quantify the observed effects.
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High-Dose Implantation of Pt Ions into Ni: A Comparison of Al and AI2O3 as
Sacrificial Layer Materials

A. Duffy1, L. Clapham1. J.L. Whitton1, and M.C. Ridgway2

iphysics Department, Queen's University, Kingston, Ontario, Canada
2Dept. of Electronic Materials Engineering, Australian National University,
Canberra, Australia

Previous work by the authors has shown that the sputtering limitation often
associated with high-dose, heavy ion implantation can be overcome by implanting
through a thin 'sacrificial' surface layer of low sputter yield material. Thus far C
and Al have proven to be successful sacrificial layer materials, enabling
retentions of 100% to be achieved in a number of ion/metal target systems. Many
oxides reportedly have low sputtering yields, and therefore have the potential to be
effective sacrificial layer materials. In the present study, the effectiveness of
AI2O3 as a sacrificial layer material was evaluated and compared to that of Al, for
the Pt ion/Ni target system.

Ni targets were coated with layers of AI2O3 or Al varying in thickness from 1100 to
5000 A. These targets were subsequently implanted with 5 MeV Pt ions to doses
ranging from O.lxlO17 to 7x10 ions/cm2. Rutherford Backscattering
Spectrometry was used to determine the resulting concentration profiles, with
implanted ion retention determined to be 100% when either AI2O3 or Al sacrificial
layers were utilized. Sputter yields of 5-6 atoms/ion and 1.1-1.2 molecules /ion
were observed for Al and AI2O3, respectively, implying that a dose of 10 Pt/cm
would remove about 900 A of Al, or 500 A of AI2O3. RUMP simulation techniques
were used to evaluate and compare mixing effects associated with the two types of
sacrificial layer and glancing angle X-ray diffraction was employed to investigate
phase formation in the implanted layer.
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Nitrogen Postimplantation of P-C3N4 Containing Films prepared by
IBAD

A. Kolitsch, W. Mbller and E, Richter
Research Centre Rossendorf Inc., Institute of Ion Beam Physics and Material
Research, P.O. Box 51 01 19, 01314 Dresden, Germany

Hard a-C(N) films were prepared by nitrogen ion beam assisted deposition of
evaporated carbon on silicon wafers at varying ion energy and ion/neutral
transport ratio. The films were modified by 20 keV nitrogen ion beams at
different high fluences ranging from 1x1017 to 6xlO17 nitrogen ions per cm2.

The films were characterized by dynamical ultra-microhardness, RBS, ERDA,
XPS, AES and Raman spectroscopy.

The results demonstrate that high-fluence nitrogen postimplantation is
incapable of increasing the stochiometric nitrogen content of the film for the
formation of the P-C3N4 phase or other N-rich phases, as is the choice of higher
nitrogen to carbon transport ratios during deposition. XPS and Raman
spectroscopy show an a-C like character of the carbon fraction of the films.
Different bonding energies of both nitrogen and carbon are observed in different
C-N phases.
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Effects of Post-Treatment of Amorphous Carbon Films with High
Energy Ion Beams

A. Kolitsch1, E, Righter1. H. Drummer2, U. Roland2 and J. Ullman3

1 Research Centre Rossendorf Inc., Instititute of Ion Beam Physics and Material
Research, PO Box 51 01 19, 01314 Dresden, Germany
2Technical University Dresden, Institute of Analytical Chemistry
3Technical University Chemnitz-Zwickau, Department of Physics

Hard amorphous carbon films prepared by ion beam assisted deposition on
silicon wafers were investigated and modified by 20 keV carbon ion beams of
different fiuences in the range from 1x1013 to 1x1018 carbon ions per cm2. The
characterisation of the as-deposited and post-treated films compares changes of
the microstructure by Raman spectroscopy, changes of mechanical properties
like the dynamical ultra-microhardness, and changes of electrical resistivity. The
results show well correlated fluence-dependent effects both of the Raman
spectroscopy and of the microhardness and resistivity.

Dynamical microhardness and resistivity result in a drastic change of the
properties at a critical fiuences of larger lxlO16 20 keV carbon ions per cm2. The
correlated peak ratios of the Raman "disorder" to "graphite" peaks decrease by
the factor of 5 at this fluence. XPS measurements of the carbon bonding energy
for the as-deposited and post-implanted a-C films give further information about
structural changes by ion implantation.
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Using of Ion Beams for Preparing of Plane Multi-Tip Carbon Field Emission
Cathodes

A.L. Suvorov. E.P. Sheshin, V.V. Protasenko, N.E. Lazarev and V.P. Babayev
Institute of Theoretical and Experimental Physics, B. Cheremushkinskaya 25,
Moscow 117259, Russia

Optimized and realized radiational technology of creating of multi-tip field
emission cathodes proposed by authors [1] for solving of different practical
problems of vacuum microelectronics [2], Material of these cathodes is
pyroelectrical graphyte and high-solid reactor graphyte MPG-6; dimensions of
initial material is 10x10x2 mm.

These materials for cathodes of this type was select because of constant
quantity of emission centres created from these graphytes under intensive ion
bombardment of surface by gas ions in the process or exploitation in technical
vacuum conditions (10"3 - 10~4 Torr). The process of destruction of old emission
centres is accompany by process of creation of new ones.

Irradiation of plane surface of initial materials carried out with the pressure
of 10 5 Torr by ions of Ar+ and Cs+ with the energy of 100 keV. The angle
between the ion beam and surface of initial material is 45°, and the best results
is reached in conditions of slow rotation of initial materials around symmetry
axis (90° to irradiated surface) in the process of irradiation. The optimal flux of
irradiation is 5xlO17 ions/cm2. The quality control of created cathodes carried
out with Scanning Electron Microscope and after that in Scanning Tunnelling
Microscopes.

Volt-Ampere characteristics of cathodes received and showed in this abstract.
Stability and time of their work is analysed. Effectivity or using field emission
cathodes, prepared by this method, in light sources of the new generation is
showed [3].

References
[1] A.L. Suvorov, E.P. Sheshin, V.V. Protasenko, A.F. Bobkov, Yu.N.

Cheblukov, D.E. Dolin, "Micro-Roughed Field Electron Graphyte
Cathodes Prepared Using Radiation Technique", Revue "Le Vide, les
Couches Minces" - Supplement N 271, Mars-Avril 1994, Grenoble,
France, pp 326-329

[2] I. Brodie, C. Spindt, "Vacuum Microelectronics", Adv. Electr. Electr.
Phys. 83 (1992), pp 1-106

[3] E.P. Sheshin, A.L. Suvorov, A.F. Bobkov, D.E. Dolin, "Light Source on
the Basis of Carbon Filed Electron Cathodes: Design and Parameters",
Revue "Le Vide, les Couches Minces" - Supplement N 271, Mars-Avril
1994, Grenoble, France, pp 423-426



07.007 AU9716328

Nitrogen Loss of Thin Metal-Nitride Films due to Heavy Ion Bombardment

J.W. Martini. K.S.A. Butcher2, N. Dytlewski3, D.D. Cohen3, T. Tansley2 and
G.J. Russell1

iUniversity of New South Wales, School of Physics, Sydney, NSW 2052,
Australia
2Macquarie University, School of Physics, Sydney, NSW 2109, Australia
3Australian Nuclear Science and Technology Organisation, PMB 1 Menai,
NSW 2234,Australia

The loss of nitrogen in various metal-nitride films due to heavy ion
bombardment has been studied. Metal-nitride films were grown on a SiC>2
substrate by laser CVD using a 193 nm Ar laser with approximate film
thickness of 1000-2000 A. These films were anaylsed by infrared and UV-visible
analysis, SEM and RBS to examine the condition and stoichiometry of the film.
Heavy ion bombardment was by way of a 66 MeV 127110+ beam from the tandem
accelerator at the Australian Nuclear Science and Technology Organisation.
The beam was incident at 67.5° to the normal, with a current of ~ 10 nA. The
samples were simultaneous analysed using elastic recoil time-of-flight
spectrometry, which shows the relative concentration of nitrogen after certain
periods of ion bombardment. In each case the film was reduced to its metallic
parent after the period of ion bombardment.
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Focussed Ion Beam Lithography using a MeV Proton Beam Microprobe for
Micro Optics Fabrication

L.M. Mason. D.N. Jamieson, A. Roberts and A. Saint
School of Physics, The University of Melbourne, Parkville, Victoria, 3052,
Australia

Micro optics is the miniaturisation of optical components, for example lenses
and prisms. The integration of many small components on to a single
substrate is the goal of integrated optics. A suitable fabrication method needs to
have precise control of all 3 dimensions of the final structure/s. This includes
surface roughness which must be minimised to ensure optical quality.
Conventional lithographic techniques like electron beam lithography produce
essentially planar structures with limited depths of approximately 1 (im. The
LIGA technique has been used to construct micro optic components. However
it uses an X-ray based lithography and thus requires synchrotron radiation.
Ion beams interacting with matter have deep penetration depths and small
lateral straggling and thus meet the requirements for micro optics
construction. This project utilises the University of Melbourne's scanning
proton beam microprobe. It is used to expose the substrate to a focussed micron
sized beam spot of protons at a selected energy. Energies up to 5 MeV are
possible and thus proton ranges in the substrate are in the order of 100 urn.
Eolyinethylmethficrylate (PMMA) is used as a substrate. It has been irradiated
extensively with 2 MeV protons. The dose found at this energy is 15 (iC/cm2 or
4.9 kJ/cm3. At this energy, a trench 10 um wide and 60 um deep has been
developed; it has a 6:1 aspect ratio. Experiments at higher energies, surface
roughness measurements and the effect of 2 different developers on etch rate
are being investigated.
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On the Search for Carbon Nitride Phase Formation by Reactive Ion
Implantation

A. Hoffman1, R. Brener1, M.J. Kenny2, L.S. Wielunski2 and R.A. Clissold2

iChemistry Department and The Solid State Institute, Technion, Haifa 32000,
Israel
2CSIRO Division of Applied Physics, PO Box 218 Lindfield, NSW, 2070,
Australia

The current interest in carbon nitride comes from recent theoretical
predictions that P-C3N4 has a bulk modulus in excess of 420 GPa thus making,
potentially, this nitride phase into one of the hardest known materials. Over
the last few years considerable effort has been made in an attempt to grow thin
films consisting of P-C3N4 phase by employing various deposition techniques.
In the present work the nitridization process of the near surface region of
diamond CVD films and glassy carbon by high energy - high dose nitrogen
implantation has been investigated with particular emphasis on implantation
temperature. The implantations were performed at RT, 200 °C and 500 °C
using 50 keV nitrogen ions up to doses of l-2xlO18 cm"2. The distributions of the
implanted nitrogen ions have been studied by RBS. The effect of implantation
on the glassy carbon and diamond microstructures as well as the possibility of
carbon-nitride phase formation was assessed by Raman measurements and
compared to the case of self implantation at similar conditions. Morphological
changes induced by of the implantation process were examined by Atomic
Force Microscopy.
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Low Temperature Stability of Iron Carbides

L. de Wit, B. Dorren, T. Weber and F.W. Saris
FOM Institute for Atomic and Molecular Physics, Kruislaan 407,1098 SJ
Amsterdam, The Netherlands

Low temperature phase transitions are often restricted by very low atomic
mobility. Ion beams can overcome this problem and were used to investigate
the low temperature stability of two types of iron-carbide layers: cementite and
X-carbide. Cementite is only formed at T > 300 °C, but once formed it is
metastable down to 0 °C also under the ion beam. Irradiating cementite at or
below 0 °C with high energy neon ions results in the transformation of
cementite into e-carbide and an amorphous phase, x-carbide forms at T > 200
°C and remains metastable down to -50 °C. At T < -50 °C x-carbide disappears
under ion irradiation. With x-ray diffraction no other carbide nor an
amorphous phase could be identified. Thus the carbide phases, like the
nitrides in iron, are unstable at the temperatures they are normally applied.
Unlike the nitrides, we cannot exclude the role of defects due to ion irradiation,
in making the carbides unstable.
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Nanosized Thallium Crystals in Ion Implanted Aluminium

H.H. Andersen. A.H. S0rensen, E. Johnson, A. Johansen, K.K. Bourdelle and
L. Sarholt-Kristensen
0rsted Laboratory, Niels Bohr Institute, Universitetsparken 5, DK-2100
Copenhagen 0, Denmark

Ion implantation of 150 keV thallium into aluminium has been used to
produce surface alloy layers on aluminium targets. The implantations lead to
spontaneous phase separation and formation of nanosized thallium inclusions
in the implanted layer. For a fluence of lxlO20 nr2 the average size of the
inclusions increases from about 1-2 nm at room temperature to around 10-15
nm for implantations carried out at 250 °C. The smallest inclusions, less than
around 10 nm in size, have fee structure while larger inclusions are either bee
or less frequently hep. The inclusions grow in topotactical alignment with the
aluminium matrix: fee inclusions have cube-cube orientation relationship, bec
inclusions follow the Kurdjumov-Sachs rule, and hep inclusions have close-
packed planes and directions parallel to the corresponding planes and
directions in the aluminium matrix. The metastable fee thallium structure is
imposed by the surrounding aluminium matrix when the inclusions are
small enough for the interface energy to be significant. Bee and hep inclusions
are then formed in solid state phase transformations from the fee inclusions
when they grow larger. The rather limited occurence of inclusions with the
stable hep structure is related to the relatively high energy of the interfaces
inclined to the close-packed planes.
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Carrier Generation in Insulating Nanocrystal MgIn2O4 by Ion Implantation

H. Hosono1. H. Un'no1, N. Matsunami2, H. Tanoue3, N. Ueda4, and H.
Kawazoe4

iTokyo Institute of Technology, Research Laboratory of Engineering Materials,
Nagatsuta, Midori-ku, Yokohama 227, Japan
2Nagoya University, Energy Eng. & Sci. Nagoya 464-01, Japan
3Electrotechnical Laboratory, Tsukuba 305, Japan
institute of Molecular Science, Okazaki 444, Japan

MgIn2C>4 with spinel-type structure is an electrically insulating material with
a wide band gap of ~ 3.5 eV. Energy band calculations with tight binding
method suggests that mobility of electrons injected in the bottom of the
conduction band is fairly high. We have succeeded in generating electric
carriers by ion implantation of Li+ and H+ ions. Efficiency of carrier
generation was approximately 20% for either Li+ ( 80 keV, lxlO16 cm2 + 160
keV, lxl016cm-2) or H+ ( 50 keV, lxlO16 + 80 keV, lxlO16 in as-implanted states.
Electrical conductivities in RF sputtered films { crystalline size 6 - 8 nm ) were
enhanced over > 8 orders of magnitude after implantation. Two optical bands
located at ~ 2.5 eV and ~ 0.5 eV were induced by the implantation. Upon post
annealing of the as-implanted substrates, the former band faded, whereas
intensities of the latter was increased. Then, a considerable increase in carrier
concentrations was observed. In He-implanted substrates, no significant
changes in conductivities were seen and only the 2.5-eV band was noted.
Therefore, the 0.5 eV-band was attributed to a plasma oscillation originating
form generated electrons.
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Modification of the Electrical Properties of Diamond using MeV-Ion
Implantation and Pulsed Laser Annealing

Russell J. Walker. Steven Prawer and David N. Jamieson
School of Physics, University of Melbourne, Parkville, Victoria, 3052, Australia

It has recently been demonstrated that pulsed lasers can be used to anneal
MeV radiation damage in diamond. The annealing proceeds at very high
temperatures and pressures. In the present work we report on the electrical
properties of diamond which has undergone MeV, P and As ion implantation
followed by pulsed laser annealing. Ion beam channeling experiments show
that a large fraction of the P is substitutional. The I-V characteristics of
Mo/Au contacts deposited on both the implanted and implanted and annealed
portions of the diamond are reported, together with measurements of the
resistance as a function of temperature. The latter was used to determine the
conduction mechanism and the activation energy of the implanted dopants.
Seebeck ("hot point") measurements were used to determine the carrier type. B
implantations were used to produce p-type layers, while As and P
implantations were examined for possible n-type conductivity.
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Annihilation of Ion Induced Damage in Semiconductor Diamond by Hydrogen
Treatment

Akio Hiraki
Department of Electrical Engineering, Osaka University, Suita, Osaka 565, Japan

Synthesized diamond films have recently attracted attentions for high
temperature and radiation resistant semiconductor devices, if impurity doping is
possible. Due to its extremely strong covalent bonding, the. melting point can
simply be estimated to be -4000 °C, although at -1500 °C graphitization of diamond
takes place. So, the thermal diffusion process around -1000 °C applicable to Si
whose melting point is -1400 °C can no more applicable. Because at -1000 °C both
the solubility and diffusivity of possible dopant impurities in diamond are very low
to indicate that diamond process needs -3000 °C which it practically impossible.

Therefore, at a doping process for diamond, ion implantation is only an acceptable
method. Then implantation always needs subsequent thermal treatment to
anneal out the damage induced by the implantation. However, the damaged
diamond easily converts into grahite by conventional annealing by heat treatment,
for example, at 900 °C!!

To avoid this graphitization for the successful annealing, the author's group has
developed hydrogen treatment. At the conference, the details of this treatments
are reported.
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Passivation of Cu Surfaces by Ion Irradiation

A.J. Kelloqk1. J.E.E. Baglin1, U. Dadu2, E.L. Allen2, M.H. Tabacniks1-3

1IBM Almaden Research Center, San Jose, CA, U.S.A.
2Materials Engineering Dept, San Jose State University, San Jose, CA, U.S.A.
3Permanent address: Institute of Physics, University of San Paulo, Brazil

Inhibition of the oxidation of Cu surfaces following ion beam irradiation [1,2,3]
has often been observed, yet the mechanisms and reproducibility of this
phenomenon have not been fully established. The purpose of this study is to
address the following questions : a) Is this a reproducible phenomenon, free from
artifacts? b) What physical mechanisms are responsible? and c) Can the
technique be applied to corrosion protection of other metals?

We have used thin films of Cu deposited onto amorphous C substrates, and
irradiated with Ar, N or He ions in the energy range 20 keV - 2 MeV, in order to
explore the effects of ion range, dose, damage and compositional change.
Subsequent oxidation was carried out in air at 170 °C for times up to 240 hours.
Characterization of the oxidized films was done using RBS, ESCA, SEM, and 4-
point probe. Contribution of stress in the mechanism was also considered.
Optimization of this effect for practical applications will be discussed.

[1] H.M. Naguib, R.J. Kriegler, J.A. Davies, J.B. Mitchell, J. Vac. Sci.
Technol., 13, 396 (1976)

[2] P.J. Ratcliffe, R.A. Collin, Phys. Stat. Sol. A78, 547
[3] P.J. Ding, W.A. Lanford, S. Hymes, S.P. Murarka, J. Appl. Phys. 74, 1331

(1993)
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Study of Surface Modification of Metals and Alloys by High Intensity Pulse
Titanium Ion Implantation

B.N. Mukashev. D.P. Maksimkin, B.D. Melichov, D.H. Sadvakasov, V.F.
Reutov, S.Zh. Tokmoldin and G.I. Zhdan
Physical Technical Institute of the National Academy of Sciences of the
Republic Kazakstan, 480082, Almaty, 82, Kazakstan

High intensity pulse ions large area beams have been used for titanium ions
implantation into molybdenum, stainless steels (12 Ch 18 In 10 Ti, Chl5 Agl4)
and titanium-aluminum alloys. The energy of ions, pulse duration, frequency,
amplitude and beam diameter were equal 50 keV, 250 |isec, 3-25 Hz, up to 0.3 A
and 200 mm, respectively. The structural changes beyond the implanted layers
for all irradiated samples have been observed by TEM, y-ray diffraction and
mechanical property studies.

TEM micrograph of implanted molybdenum shows four distinct regions,
labeled a (amorphous carbon film with the thickness t~5-10 nm), b ("weak"
radiation damaged zone with microdispersion phase of TiC t~5-10 nm), c
("average" radiation damaged zone with dislocation loops and microdispersion
phases of TiC and M02C t~30-50 ran), d ("heavy" radiation damaged zone with
high concentration of dislocations and dislocation loops t>50 nm).

It is found that titanium ions implantation into titanium-aluminum alloys
causes the transition initial two phases (7+012) system to one phase (y) alloys. It
is very interesting effect for the further studies because under usual condition
y-phase transforms to the 0C2 phase during the heating up to 1000 °C. Titanium
ions implantation into stainless steels changes parameters of martensic
transformation and mechanical properties of samples. As a result of this
changing one can observe 6-7% hardness increasing of the samples.
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An STM Study of Atomically-Flat Gold Surfaces Irradiated with
Energetic Helium and Argon Ions

G. Carter,V. Vishnyakov and S.E. Donnelly
Joule Laboratory, Science Research Institute, University of Salford, Manchester
M5 4WT, U.K

The interaction of energetic inert gas ions with solids has been a subject of
investigation in our laboratories and elsewhere for a number of years driven, in
part, by potential problems in nuclear reactor materials and, in part, by the
increasing use of inert gas ions for a range of surface treatment and deposition
processes.

A variety of surface structures including blisters, cones, ripples and pits has
been observed by scanning electron microscopy following ion irradiation but it is
only since the invention of the scanning tunnelling microscope and related
probes that it has been possible to extend such surface studies down to atomic
and near-atomic resolution.

In the present study we contrast the thermally stable structures observed on
gold (111) following irradiations with 3 keV helium ions with the unstable ones
produced by 3 keV argon irradiation of the same material. The inert gas bubbles
present in the gold in the former case appear to be responsible for the stability of
small surface features (<10 nm) whose origins may be dislocation loops punched
out by underlying overpressurized bubbles. Although the precise mechanisms
are not fully understood, interpretations of the observed features will be given in
terms of the effects of strain fields due to near-surface gas bubbles on the surface
properties of gold.
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Use of Ion Implantation for Improvement of Corrosion Resistance of
Aluminium and its Alloys in Neutral Environments

A. Kh. Bairamov. S.A. Kuliev, F. Bairamov, A.S. Mirzabekova, G.M. Tagirov and
E. Aliev
Institute of Inorganic and Physical Chemistry, Azerbaijan Academy of Sciences,
Baku-143

In this work the experimental results of the influence of ion implantation on the
electrochemical and corrosion behaviour of aluminium and its commercial alloys
of different systems (Al-Mn, Al-Cu-Mg, Al-Zn-Mg-Cu) by Mo+, Ta+, B+, P+, Si+

and Co+ is discussed.

The interest in these elements is caused by the fact that they practically do not
form single phased solid solutions with aluminium (except of Si+) at usual
metallurge legiring. A part of species is of interest from the point of view of
inhibiting properties of their compounds at the protection from corrosion of
aluminium and its alloys in water mediums.

Potentiodinamic polarisation measurements in sulphate and chloride solutions
and also corrosion testings in neutral environment have shown that the most
favourable influence on the decrease of corrosion, the number and the maximum
depth of pitts are caused by implantation by Mo+; less influence is caused by the
implantation by Co+, which has been chosen as the element improving the
magnetic properties and selectivity of surface layers on aluminium.

As a rule, on the implanted speciments (the most effective are the doses of
2xlO17 ions/cm2) the breakdown potentials, the pitting propagation potentials
and sometimes the repassivation potentials of pitts shift to more positive values,
depending on the nature of selected species.

It has been shown, that at the implantation by Si+ and P+, the cathodic
processes are slightly inhibited but in the case of Mo+ and Ta+ these processes
are very much intensified.
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Modification of the Thermal Behavior of Nitrides Produced by Ar
Bombardment in a Nitrogen Implanted Iron

C.E. Foerster, L. Amaral and M. Behar
Institute de Fisica, UFRGS, Caixa Postal 15051, 91501-970 Porto Alegre, RS,
Brasil

It is known that nitrides obtained by N implantation into Fe are stable only up
to 400 °C. In the present work we report results where we show that Ar
bombardment of nitrides changes significantly not only the thermal behavior
and retention properties of the nitrides, but also their characteristics. We have
produced the nitrides by N implantation into Fe. Then, we have bombarded the
precipitates with Ar and subsequently submitted the samples to thermal
annealings between 200 and 550 °C. We observed that for increasing Ar
bombarding fluences, there is an increase not only in the amount of retained
nitrides but also in the retention temperature which goes up to 500 °C. In a
second set of experiments we have first N implanted the Fe samples and then
submitted to thermal annealings at 400 °C. At this stage we have obtained y-

precipitates. Then, we have Ar bombarded the nitrides producing a y-
--> e-Fe2+xN transformation. Further sequence of annealings between 200

and 550 °C have produced the following effects: First annealing at 200 °C
induces a partial e-Fe2+xN --> y-Fe4N phase transformation. Second with
increasing annealing temperature there is a direct e-Fe2+xN —> y-Fe4N
transformation without producing the intermediate e-Fe3N phase. Third, the y-
Fe4N precipitates are retained up to temperatures of 550 °C. The results are
discussed in terms of Ar vacancy complexes responsible for the inhibit N
diffusion, and therefore for the nitride retention phenomena.
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Nitrogen Implantation of Ti and Al coated A2 Tool Steel

Chi-Tung Huang and Jenq-Gong Duh
Department of Materials Science and Engineering, National Tsing Hua
University, Hsinchu, Taiwan

Titanium and aluminum thin films were deposited onto A2 steel by r.f.
magnetron sputtering with various deposition times. A carefully designed
target configuration with a specified surface ratio of Al to Ti exhibited various
compositions of deposited films after sputtering. The coated assembly was then
implanted with nitrogen ions under 92 kV and 1 mA. By X-ray diffraction
using grazing-incidence technique, the structure of implanted films were
identified to be a Bl structure analogous to TiN on the outer surface region and
a metallic layer under the Bl structure layer. The binding energy of Ti 2p
pertained to that of TiC>2 on the near surface of implanted films. The Ti 2p
binding was attributed to TiN under the surface and binding energy of metal Ti
showed up for the more inner layer. The elemental depth profile of the
implanted film revealed a nitrogen-rich region near the surface. With the
implantation of nitrogen ions, the surface hardness of the coating assembly
was increased and the color of as-deposited film was changed from metal gray
for as-deposited films to yellow for implanted films.
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Characterization of a Hafnium and Nitrogen Implanted Titanium Alloy

P.M. Riicki. H. Schmidt*, N. Angert*, 0. Yoda2, Y. Aoki2 and H. Naramoto2

iGesellschaft fur Schwerionenforschung mbH (GSI), Darmstadt, Germany
2Japanese Atomic Energy Research (JAERI), Takasaki, Japan

ESCA measurements were performed on Ti-6A1-4V ion implanted with
hafnium (energy 400 keV) and nitrogen (80 keV) successively to determine the
formation of compounds and the concentration of the implanted elements.
Depth analysis was obtained by argon sputtering alternated to ESCA analysis.
80 keV nitrogen ions have a slightly higher penetration depth than 400 keV
hafnium ions. The surface consists of an oxide layer (TiO2 and HfO2). In the
implanted layer the ternary compound (Ti/Hf)N is formed. A mixture of Ti, Hf,
TiO and TiN is observed in the transition region between oxide and nitride
layer.

Ion induced macroscopical changes like increase in hardness and
improvement of wear behaviour are presented and discussed together with the
microstructural observed changes.
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Induced Magnetic Anisotropy in Amorphous Ferromagnetic Alloys by Ion
Beam Irradiations

F. QnoT N. Matsumoto1, H. Maeta1, J.P. Jakubovics2, K. Haruna3 and T. Kato1

Department of Physics, Faculty of Science, Okayama University, 2-1-1
Tsushima-Naka, Okayama 700, Japan
iDept. Material Science and Eng., JAERI, Tokai, Ibaraki 318-11, Japan
2Dept. Materials, Univ. Oxford, Parks Road, Oxford 0X1 3PH, U.K.
3Dept. Electronic Eng., Tamagawa Univ., Machida, Tokyo 194, Japan

Amorphous ferromagnetic alloys, Fe-Cu-Nb-Si-B and Fe-B-Si-C were
irradiated with high energy ion beams, 100 MeV P-ions and 90 MeV B-ions,
and the change of the magnetic properties before and after the irradiation was
investigated by measuring low field magnetic hysteresis loops.

It was found that in the early stage of the irradiation the soft magnetic
properties such as high permeability, low coercivity and high magnetization
were improved. After a long time irradiation, however, the soft magnetic
properties were deteriorated.

The mechanism was clarified by considering the induced magnetic
anisotropy. An ferromagnetic amorphous alloy has an original anisotropy
caused in the process of rapid quenching. Ion beam irradiation induces new
magnetic anisotropy with the easy axis perpendicular to that of the original
anisotropy. In the early stage of the irradiation the net anisotropy decreases,
leading to the improvement of the soft magnetic properties. After a long time
irradiation the induced anisotropy becomes large, making the soft magnetic
properties deteriorated.
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Tracks in Metals by MeV Fullerenes

H. Dammak1, A. Dunlop1. D. Lesueur1, A. Brunelle2, S. Della-Negra2 and Y.
Le Beyec2

1Laboratoire des Solides Irradiés, Commissariat à l'Energie Atomique / Ecole
Polytechnique, 91128 Palaiseau, France
2Institut de Physique Nucléaire, CNRS-IN2P3, 91406 Orsay, France

It is now well accepted that electronic excitation and ionization arising from
the slowing-down of swift heavy ions can lead to structural modifications in
metallic targets as it has been known for a long time in insulators. It is shown
here that new specific effects take place during irradiation of metals with high
energy fullerene beams. Electron microscopy observations were performed at
room temperature on prethinned Ti and Zr samples after irradiations with a
few 10 MeV fullerenes and with GeV Pb and U beams.

After cluster irradiation,the observed damage is quasi-continuous and
confined inside -20 nm diameter cylinders around the projectile paths, which
has to be compared to a discontinuous damage located within an average
diameter of only 5 nm after GeV heavy ion irradiation.

The large extension of the highly damaged zones after cluster irradiations
might be due to the strong localization of the deposited energy during the
slowing down process.
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High Fluence Proton Beam-Induced Hydrogen Depth Profile within Ni-
58 Target as Measured by NERD Method

I.R. Gulamov, O.A. Zhukovski, A.A. Rylov, B.G. Skorodumov. V,G. Ulanov
Institute of Nuclear Physics, Ac. Sc. RUz, 702132 Ulugbek, Tashkent,
Uzbekistan

Hydrogen depth distribution in 58Ni target made as 180 |im layer on Cu water
cooled backing was measured using neutron elastic recoil detection (NERD)
method after 10 days irradiation with 600 |iA 19 MeV inner proton beam at 1.5
m cyclotron during 57Co radionuclide production. The NERD technique based on
direct measurement of a recoil energy spectrum from the sample under 14 MeV
neutrons bombardment which then is recalculated into concentration depth
distribution. The hydrogen content of 10"2 atH/atNi was found in the whole Ni
depth with some concentration growths at both outer surface and Ni/Cu
interface. The comparison such a large amount of hydrogen with integral
irradiation dose (1022 cm2) makes us to conclude that practically all implanted
protons are trapped by nickel layer. Thermodynamic conditions of irradiation
(400 °C, 105 Torr) leading to outdiffusion does not allow hydrogen accumulation
in the target. However, other effects such as radiation damages and surface
kinetic limitations might prevent the hydrogen release. This fact may be a cause
of target embrittlement which sometimes take place in the course of 57Co
production.
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Ion Implantation of Metal and Non-Metal Ions into Vapour Deposited
Coatings

H.-R. Stock. F. Hohl, F. Seidel and P. Mayr
Stiftung Institut fiir Werkstofftechnik, Badgasteiner Str. 3, D-28259 Bremen,
Germany

Chemical and physical vapour deposition of hard coatings onto tool surfaces
are widespread methods to increase the wear resistance of tools. Additional
ion implantation of these coated tools is a promising method to further
enhance the wear resistance.

High speed steel samples were coated with titanium nitride both by chemical
and physical vapour deposition. These coatings were implanted with nitrogen,
carbon and chromium ions with different ion energies and doses (50-190 keV,
lxl017-9xl017 cm2).

With XPS it could be shown that ion implantation does influence the chemical
composition in the outer range of the coating. Simultaneously changes of the
binding energy were detected, indicating that the chemical structure of the
treated coating is changed.

Laboratory tests, using a pin-on-disc machine, showed that ion implantation
reduces the wear of coatings significantly. On the other hand, the coefficient of
friction of chromium implanted coatings against hardened steel as
counterface is increased.
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Tribological Characterization of Ion Implanted PMMA Films

J. Koskinen1. D. Riick2, J.-P. Hirvonen1

lyTT Manufacturing Technology, FIN+02044, Espoo, Finland
2Gesellschaft fur Schwerionenforschung, Darmstadt, Germany

Ion implantation is a powerful method to modify the microstructure and
properties of polymeric films. Numerous investigations have been carried out
to determine the optical, electrical and mechanical properties of the polymeric
material irradiated by ion beams.

By implanting thin polymeric films on the substrate it has been shown that the
mechanical hardness is increased and graphitic and diamond-like
amorphous structures in the irradiated film have been reported. By using the
present day methods it is possible to scale up to an efficient industrial process.
The ion implantation of large objects can be done by using e.g. plamsa
immersion ion implantation methods.

In this work xx nm thick PMMA films were spun on high speed steel samples.
The films were irradiated by 230 keV N+-ions at a fluence of 2.5xlO17 at/cm2.
The polymer films were characterised by ion beams, scanning electron
microscopy, and x-ray photoelectron spectroscopy (XPS).

The tribological properties of the films were tested by using a pin-on-disk test.
The tests were run at normal air (RH 50%) and at dry nitrogen (RH<1%). The
pin material was 100Cr6 steel. Some tests were carried out by using a hard
carbon (DLC) coated pin.



AU9716348
07.027

Electrochemical Study of Titanium Implanted 2011 Aluminium Alloy

sLBL-Cbli1, P J - Evans2 and D.K. Soodl
iRoyal Melbourne Institute of Technology, PO Box 2476, Melbourne VIC, 3001,
Australia
2Australian Nuclear Science and Technology Organisation, Private Mailbag 1,
Menai NSW, 2234, Australia

The effect of Ti ion implantation on electrochemical corrosion of 2011
aluminium alloy in 0.1 M NaCl solution has been investigated. Techniques
used included multi-sweep cyclic voltammetry, Rutherford backscattering
spectrometry and scanning electron microscopy. Anodic polarisation curves
showed that the pitting potential of Ti implanted specimens increased by 50-120
mV compared with unimplanted samples. RBS spectra revealed the oxygen
uptake of electrochemically tested samples was reduced by Ti implantation.
The increase in pitting potential is larger for lower implantation energy,
which is attributed to the higher Ti concentration at the surface under these
conditions.
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Corrosion Behavior of Nitrogen Implanted Aluminum

K.C. Walter1 and M. Nastasi1, R.A. Dodd2 and J.R. Conrad2

1Los Alamos National Laboratory, Los Alamos, NM, 87545 U.S.A.
2University of Wisconsin-Madison, 1500 Johnson Drive, Madison, WI 53706,
U.S.A.

Pure (99.999%) aluminum has been implanted using a plasma source ion
implantation process. A glow discharge plasma and a 50 kV bias was used to
achieve a retained dose of ~1018 N-at/cm2. Some samples were Ar sputter-
cleaned prior to nitrogen implantation. Auger depth profiling and TEM
analysis indicated a stoichiometric AIN layer about 150 nm thick was formed
on the surface as a result of the nitrogen implantation process.
Potentiodynamic corrosion tests performed in 3.5 wt% NaCl solution (sea
water) indicated nitrogen implantation gave pure aluminum improved
corrosion resistance. Without argon sputter cleaning, nitrogen implanted
samples exhibited insulating behavior to the extent of completely suppressing
the corrosion current. Sputter cleaned and nitrogen implanted samples did not
exhibit the insulating behavior, but still provided a reduction in the corrosion
current and a more noble corrosion potential. This work has shown significant
modification of the corrosion resistance of pure aluminum can be
accomplished using a nitrogen plasma source ion implantation process.
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Ion Beam Modification of Materials Program at Chiang Mai University*

L.D. Yu1. D. Suwannakachorn2, S. Intarasiri1, D. Boonyawan2, P.
Vichaisirimongkol1 and T. Vilaithong1-2

1 Institute for Science and Technology Research and Development
2Department of Physics, Chiang Mai University, Chiang Mai 50002,, Thailand

As the base in Thailand developing ion beam techniques, Chiang Mai University
has been equipped with a heavy ion implantation facility consisting of both non-
analyzed and analyzed implanters. At present, an RF ion source producing light
ion species, e.g. nitrogen and boron, and a 45° magnet mass analyzer are
employed in the beam lines. With this facility, research work on ion solid
interaction and its application in materials modification is carried out, firstly
concentrated upon nitrogen ion implantation in commercial steels. Here 28N2+

ions with energy of 90 keV (corresponding to 45 keV for atomic nitrogen ions) are
selectively implanted into samples of 304 stainless steel, 316 stainless steel and
white steel (low carbon) to fluences of 4xlO17 cm2. Some of the implanted
samples are subsequently aged at 200 °C for a few hours, and others remain for
comparison. Tests for hardness, wear resistance and corrosion resistance of the
implanted steels are performed to determine improvements in the mechanical
and chemical properties. The experimental data and results are reported and
further discussed.

*This work has been supported by the National Science and Technology Development Agency,
Thailand, and the National Institute of Metal and Materials Technology, Thailand
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Wear Resistant Low Friction Carbon-Silicon Alloy Bearing Surfaces Enhanced
by Ion Implantation

M.J. Kennv. L.S. Wielunski, M.D. Scott and R.A. Clissold
CSIRO Division of Applied Physics, PO Box 218 Lindfield, NSW, 2070,
Australia

CVD carbon-silicon surfaces which have been implanted with 50 keV nitrogen
ions to a dose of 1016 ions cm2 have been subjected to an extended series of
ball-on-disc wear and friction measurements. A carbon substrate of fine grain
POCO graphite was used. Measurements were made for the material against
itself and against ultra high molecular weight polyethylene (UHMWPE). For
comparison purposes measurements were also made for alumina against
alumina. The ion implanted material against itself had a friction coefficient of
0.06 whereas without implantation the coefficient was > 0.1 and for alumina it
was 0.15. For the implanted material against the UHMWPE ,the coefficient
was as low as 0.02 compared with a value of 0.05 for alumina against
UHMWPE. From a measurement of wear scars, it was concluded that wear in
the case of the implanted alloy was up to nine times lower (dependent on alloy
composition) than that observed for both unimplanted material and alumina.
Currently alumina is a prefered choice for use in orthopaedic devices and this
new carbon material is therefore potentially superior, because of its low wear
and friction properties.



AU9716352
07.031

A Study on the Mechanism of Hardening by High Energy Ion Implantation
Taking Notice of Solid Solubility

M. Kumagail. H. Saito1, K.Yabuta1, K. Higeta2, M. Sato3, Y. Yoshida4, Y.
Motonami5 and M. Satou6

*Kanagawa High-Technology Foundation, #101 IF, East Block Innovation
center Bldg., Kanagawa Science Park ,3-2-1 Sakado .Takatsu -Ku, Kawasaki,
213 Japan
2Chugai Ro Co., Ltd., Osaka, Japan
3Toshiba Tungaloy Co., Ltd., Kawasaki, Japan
4Mitsubishi Electric Corp., Amagasaki, Japan
5Starloy Industries Ltd., Matsubara, Japan
6Osaka National Research Institute, Ikeda, Japan

The variation in crystal structure was examined by using RBS, TEM, etc. with
the aim of elucidating the mechanism causing a change of hardness
distribution by implantation. Ion implantation of C ion into substrate of two
different single crystal, i.e. Ni and Cu, was attempted under an acceleration
energy of 3 MeV.

In Ni which has a limited terminal solid solubility, the significant change of
crystal structure was found above the dose level 3xlO16 ions/cm2 where the
hardness decreased as the dose level increased, whereas no change was
noticeable until the dose level reached 3xlO16 ions/cm2 where the hardness
increased as dose level increased. On the other hand, in Cu which has no
solubility for C, no dependence of crystal structure on the dose level was found.

These results suggest;
(1) Hardening of substrate which can dissolve the implanted atoms as a solid
solution is mainly caused by the formation of the supersaturated solid solution
as far as the dose level is below a certain level which is larger than its
solubility limit. Above that level, the hardening is mainly caused by
recrystallization or formed intermetallic compound.
(2) Hardening of substrate which cannot dissolve the implanted atoms as a
solid solution is mainly caused by continuous formation of the precipitates of
implanted atoms.
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Wear-Resistance Improvement of Steel Surface By Ti+C Ion Implantation

O. Ichiko. K. Hayashi, J. Sasaki, K. Sugiyama, Y. Hashiguchi
Nippon Steel Corp., 5-10-1 Fuchinobe, Sagamihara-shi, Kanagawa 229, Japan

For improving the wear-resistance of steel surface, Ti and C ion implantation
was studied. Titanium ions of 5xlO17 ions/cm2, which is sufficient for forming
ternary amorphous alloy, were implanted followed by carbon ions
implantation until 1.2xlO18 ions/cm2 nearly equal to the saturated dose, into
quench and tempered steel. It brought extreme improvement of the
wear-resistance of the steel. Wear-resistance was evaluated by reciprocal slide
wear test, pin-on-disc wear test and rolling wear test. In each of them, the
wear amount of the Ti+C ion implanted steel specimen significantly decreased
compared to untreated one. Moreover, in the case of the rolling wear test, it
was revealed not only the implanted specimen but also its opposite roll had
small amount of wear. After the investigation of the ion-implanted surface
structure, the presence of carbon rich layer which has particular structure
was found. This layer was proved to have low friction coefficient and high
hardness and it contributes to the superior wear-resistance.



AU9716354
07.033

XPS and XRD Investigations of High Fluence Carbon-Implanted Group IVa to
Via Transition Metals

T. Fujihana1. Y. Okabe2 and M. Iwaki3

1Advanced Technology Inc., Yokohama, Japan
2Saitama Institute of Technology, Saitama, Japan
3The Institute of Physical and Chemical Research, Saitama, Japan

A study has been made of the microscopic characteristics of carbon-implanted
transition metals Ti, Zr, Hf, V, Nb, Ta, Cr, Mo and W, belonging to groups
IVa, Va and Via in the periodic table. Implantation of 12C+ was performed
with a fluence of 1018 ions/cm2 at 100 keV, and at room temperature. XPS
combined with an Ar+-sputtering and grazing angle XRD were used to analyze
the depth dependence of composition, chemical bonding states and crystal
structure of carbon-implanted layers.

A gaussian-like carbon distribution, in which the maximum atomic fraction
was approximately 50%, was observed. Analyses of Cls spectra suggested that
implanted carbon atoms consisted of graphitic carbon having gaussian-like
depth distribution and carbide-like carbon having trapezoidal distribution.
Watching the binding energies (BEs) of core electrons of metals at the
shallower region than the average projected range, they were larger than the
values corresponding to metallic states, being independent of the carbon
content. The larger and constant BEs of metals and the trapezoidal distribution
of carbide-like carbon suggested that the carbide formation at near surface
layers would be caused by the energy deposition during room temperature
carbon implantation. The formation of such metastable mixture of graphitic
carbon and various carbides will be discussed with respect to the assignment
of phase constitution detected by the grazing angle XRD measurements.
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Search for Giant Magnetic Moment in Ion Beam Synthesized a"-

T, Weter1- L. de Wit1, F.W. Saris1 and P. Schaaf2

iFOM Institute for Atomic and Molecular Physics, Kruislaan 407, 10985J
Amsterdam, The Netherlands
2H. Physikalisches Institut, Universitat Gottingen, Bunsenstr. 7-9, 37073
Gottingen, Germany

Since the discovery of its so called giant magnetic moment', the magnetic
properties of the ordered iron nitride a"-Fei6N2 have attracted considerable
interest [1]. However a giant moment seems to be in contrast to band theory,
and several groups have reported magnetic values which are in agreement
with these calculations [2]. One of the key tasks is the production of the phase.
Up to now, it has only been prepared as a majority phase for layers not thicker
than 70 A. Employing ion beam synthesis, we have produced 150 nm Fe-N
films containing up to 75% of cc"-Fei6N2. Quantitative phase analysis was
performed by means of Mofibauer spectroscopy. The magnetic properties were
deduced from magnetization measurements. While the results agree with
previously reported values, the giant moments could not be reproduced.

[1] M. Komuro, Y. Kozono, M. Nanazono and Y. Sugita, J. Appl. Phys. 67
(1990)5126

[2] J.M. Coey, K. O'Donnell, Qi Qinian, E. Touchais and K.H. Jack, J.
Phys.: Cond. Matter 6 (1994) L23
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Boronizing of Steel by Outward Transport of Fe Atoms During Dynamic Ion
Mixing

Tatguya Yasunaga. Yasuaki Sugizaki and Haruo Tomari
Materials Research Laboratory, Kobe Steel Ltd., Takatsukadai, Nishi-ku, Kobe
651-22, Japan

The transport of substrate atoms during ion implantation and dynamic ion
mixing were investigated by Auger electron spectroscopy. Mild steel substrates
were treated by dynamic ion mixing in which B-ion implantation and Ti-
deposition were carried out simultaneously, or by B-ion implantation only.
Before the treatments, some substrates were implanted with C-ions to confirm
the location of original substrate surface.

For the B-ion implantation, a swelling of the implanted layer takes place
followed by an accumulation of B species with increasing the ion fluence. Fe
matrix is separated during the process with outward transport of Fe atoms
caused by the swelling of the implanted B layer.

For the dynamic ion mixing, the sputtered Fe atoms by the B-ion implantation
are thought to react with depositing Ti atoms at steel surface to form Ti-Fe
mixed layer. The outward transport of Fe atoms is enhanced with increasing
ions/atoms arrival ratio, which is thought to be caused by not only the swelling
of the implanted B layer but also the Fe-Ti reaction.
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Dislocation Structure in Coarse-Grained Copper after Ion Implantation

Yu.P. Sharkeev1, A.I. Ryabchikov2, N.V. Girsova3, O.B. Perevalova3, E.V.
Kozlov3,1.G. Brown4 and X.Y. Yao4

1 Institute of Strength Physics and Materials Science of the Russian Academy
of Sciences, Tomsk, Russia 634050
2Nuclear Physics Institute, Tomsk, Russia 634050
3State Architecture and Building Institute, Tomsk, Russia 634050
4Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720,
U.S.A.

We have investigated the dislocation structures formed in the near surface
region of ion implanted coarse-grained copper (grain size 460 u) using
transmission electron microscopy. Ti and Zr ions were implanted into copper
using a vacuum arc ion source. The ion energy was about 100 keV and the
applied (incident) dose was 1x1017 ion/cm2. We find that Ti and Zr ion
implantation produce a developed dislocation structure in the Cu sub-surface
layers. The dislocation structure changes form individual randomly
distributed dislocations at shallow depth to cell-net and cell-dislocation
structures at greater depth. The maximum dislocation density in copper is
6.1xlO9/cm2 for Ti and 11.4xl09 /cm2 for Zr. The thickness of the modified
copper layer with high dislocation density is up to 20 n for Ti and 50 u for Zr.
Microhardness measurements vs. depth and dopant concentration profiles are
presented. The "long-range effect" is explained in terms of a model of static
and dynamic mechanical stresses formed in the implanted surface layer.

Work supported in part by EPRI and the U. S. Department of Energy.
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On the High Temperature Oxidation of Polycrystalline and Single
Crystal Nickel after Ion Implantation

Z. Rap1. J.S. Williams2 and D.K. Sood3

1Department of Applied Physics, Curtin University of Technology, GPO Box
U1987, Perth 6001, Australia
2Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra 0200,
Australia
3Department of Electrical Engineering, Royal Melbourne Institute of
Technology, GPO Box 2476V, Melbourne 3001, Australia

The effects of ion implantation on the high temperature oxidation behaviour of
Ni have been investigated for a number of species using both polycrystalline and
single crystal samples. Kr and Ni have been implanted to study the physical
effects of implantation, while Si and Mg have been chosen to study the chemical
effects. The ion implantations were carried out at 100 keV to a dose of 1x1017

ions/cm2 for all the species and the oxidation experiments were performed at 700
°C in oxygen for various times. The oxidation behaviour of polycrystalline
samples was complicated by the presence of different substrate grains and grain
boundaries. The oxidation of single crystal samples, on the other hand, was a
less complicated case which allows a more detailed study of oxidation
mechanisms. In this latter case, results showed that the presence of a high
concentration Mg and Si may exhibit reactive element effects in blocking the out-
diffusion of Ni cations so as to reduce the oxidation rate and promote the
formation of a two-tier oxide structure in which the inner oxide is oriented with
the underlying nickel crystal.
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Swift Heavy Ion Irradiation* of Fullerenes

A. Loiseau1. A. Dunlop2, R. Ceolin3 and H. Szwarc4

laboratoire de Physique du Solide and LEM/CNRS, ONERA, BP 72, 92322
Chatillon, France
2Laboratoire des solides Irradiés, Commissariat à l'Energie Atomique/Ecole
Polytechnique, 91128 Palaiseau, France
3Laboratoire de Chimie Physique, Faculté de Pharmacie, 2 bis Boulevard
Tonnelé, 37042 Tours, France
4Laboratoire de Chimie Physique des Matériaux Amorphes, Bat 490,
Université Paris-Sud, 91405 Orsay, France

C60 crystal is the new form of crystalline carbon, besides the graphite and
diamond forms. Recently it has been shown that under strong non hydrostatic
pressures, C60 can be transformed into either the diamond structure or an
amorphous phase.

During the slowing down of very high energy ion beams, strong ionisation
occurs and a radial shock wave is generated along the ion path. In this work,
irradiation of the fullerene single crystals with GeV U ion beams at various
fluences (1011 to 1013 ions/cm2) have been performed in order to see whether
such high intensity shock waves were able to induce some structural
transformations.

The irradiated crystals have been examined by transmission electron
microscopy. Although no clear phase transformation has been observed, it is
shown that the crystal lattice is strongly distorted along the ion path. As a
consequence after irradiation at high fluences, the whole crystal volume is
concerned so that the diffraction patterns are modified and are characteristic
of an average distorted cubic lattice.

*Irradiation performed on the GANIL accelerator in Caen, France.
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Nitrogen Ion Implantation into Glassy Carbon and Diamond1

P. Barbara1. S. Prawer1, A. Saint1, D.N. Jamieson1, K.W. Nugent1, S.P.
Dooley1, S.P. Withrow2 and J.M. Williams2

iSchool of Physics, University of Melbourne, Parkville, Victoria 3052, Australia
2Solid State Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
U.S.A.

It has been recently proposed that a solid formed from C and N with the
stoichiometry B-C3N4 and a structure similar to B-Si3N4 would have a bulk
modulus and atomic density that exceeds diamond. Previous attempts at
producing B-C3N4 include Plasma deposition, shock wave compression and
Carbon sputtering within a nitrogen atmosphere, have not achieved the
correct stoichiometry; control of the stoichiometry with these methods is
difficult. On the other hand, ion implantation is an effective technique for
carbon based materials and in principle any stoichiometry can be produced.

High dose implantation of N ions (160 keV) has been made into glassy carbon
substrates held at 77 K. Results on volume changes, nitrogen distribution and
Raman spectrocsopy indicate that a phase transition occurs at doses between 1
and 2xlO18 N/cm2. Atomic force microscopy (AFM) and scanning electron
microscope (SEM) also show unusual surface modifications at these doses.
High dose N implantations (500 keV) has also been made into diamond and
glassy carbon substrates using a focused ion beam. Implantation at these high
energies buries the N ~ 0.7 \im beneath the surface where it is under high
pressure due to spatial confinement. The N concentration was determined by
in situ Rutherford backscattering analysis. The samples have also been
analysed using AFM, SEM and Raman spectroscopy.

Research at Oak Ridge National Laboratory sponsored by the Division of Materials Sciences,
U.S. Department of Energy, under contract DE-AC05-84OR21400 with Martin Marietta Energy
Systems, Inc.
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Production of Carbonaceous Clusters by Irradiation of Polymers with
Energetic Ions and Electrons

P. Fink1. M. Wilhelm1, R. Klett1, W.H. Chung2 and L.T. ChadderW
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Germany
2Dept. of Physics, Pusan National University, Pusan 609-735, Korea
3CSIRO and Institute for Advanced Studies, Australian National University,
P.O.Box 4, Canberra, ACT 2601, Australia

Energetic ion or electron irradiation results in formation of nanometric-sized
carbonaceous clusters which are supposed to be the carriers of electric
conductivity in ion-irradiated polymers. They have been studied by us by UV-
Vis spectrometry and small angle X ray scattering. Both methods yield results
which differ considerably from each other. It has been found that the clusters
result from electronic, and not from collisional energy transfer processes. The
clusters have slightly ellipsoidal shapes and are aligned along the ion tracks.
They are not identical with fullerenes, but rather appear to be carbon-rich
polyhydrocarbons. Cluster growth sets in only above a threshold in transferred
energy density of 10'2 to 10 1 eV/A .̂ For the same transferred energy density,
the cluster production efficiency is lowest for energetic electron, and highest
for energetic heavy ion irradiation. Cluster growth proceeds much slower with
increasing deposited energy density than does the increase in polymer
conductivity.
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Compressive Stress Induced Formation of Preferred Orientation in
Glassy Carbon following High Dose C+ Irradiation

McCulloch1. David McKenzie2, Nigel Marks2 and Steven Prawer3

iElectron Microscope Unit, University of Sydney, NSW 2006, Australia
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It is well established that ion irradiation of glassy carbon with energetic ions
leads to the formation of a dense amorphous surface layer [1]. In the present
work we show using cross-sectional TEM that oriented graphite-like regions are
formed within the implanted layer of glassy carbon implanted with 50 keV C
ions at high doses. The preferred orientation is such that the sp2 bonded
graphite-like sheets lie normal to the implanted surface. Stress measurements of
the implanted material show the presence of a biaxial compressive stress.
Thermodynamic calculations predict that a non hydrostatic stress can result in
preferred orientation in anisotropic materials such as graphite. The preferred
orientation can therefore be explained in terms of the combined effects of the
mobility introduced by the implanted ions and the anisotropic stress field. This
interpretation is supported by molecular dynamics simulations using a two
dimensional analogue of sp2 bonded carbon.

[1] D.G. McCulloch, A. Hoffman and S. Prawer, Phys. Rev. B, (in press 1994).
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Paramagnetic Properties of Diamond Single Crystals Modified by High Energy
Ions

D.P. Erchak2, V.A. Martinovich2, V.S. Varichenko2, N.M. Penina2, V.G.
Efimov2, A.M..Zaijjsey1»2, S.A. Fedotov1-2, W.R. Fahrner1, V.F. Stelmakh2

!LG Bauelemente der Elektrotechnik, Fern Universität Hagen, Haldener Str.
182, 58084 Hagen, Germany
2University of Minsk, 220080 Belarus

The results of EPR investigations of Ha type natural diamonds implanted with
Cu (63 MeV, 5xlO14 cm2), Ne (26.7 MeV, 5xlO14 cm2), and Ni (335 MeV, 5xlO14

cm2) ions are presented. An unusual effect of anisotropy of the EPR spectra
with respect to the direction of the magnetic component Hi of microwave field
is found. The main feature of this effect is the appearance of new additional
lines when the Hi direction coincides with the ion irradiation direction. These
lines are ascribed to resonance modes of anisotropic spin waves excited at
extended defects along the irradiation direction. An explanation of such an
effect is given in terms of formation of a one dimensional atomic structure in
diamond implanted with high energy ions. The observed lines remain after the
post implantation annealing up to 1400 °C, though of a lower intensity, what
demonstrates a very high thermal stability of the one dimensional structure
formed. The results of the depth resolved measurements performed on the Ni
implanted samples using layer per layer ion sputtering technique are
presented too. The maximum effect is observed at a depth of 28 um. This value
is identical to the projected range of 335 MeV Ni ions in diamond calculated by
the TRIM-90 code. The depth distribution of the new line intensities is
characterized by a broad maximum accompanied by long tails backwards to
the irradiated surface and towards the bulk to a depth of 50 urn. The
distribution peculiarities are treated in terms of ion tracks produced by high
energy ions and channelling of a part of ions through the tracks. The results
obtained on the implanted single crystal diamonds are compared with those
gained on polycrystalline diamond films.
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Ion Implantation in Tetrahedral Amorphous Carbon

E.G, Gerstner1. D. McKenzie1, D.G. McCulloch2, S. Prawer3 and R. Kalish4
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Tetrahedral amorphous carbon (ta-C) is a dense form of amorphous carbon with
a structure consisting of highly tetrahedral bonding network [1]. Approximately
20% of the atoms in ta-C are sp2 hybridised and the presence of these sites play
an important role in the electrical and optical properties of the material. In the
present investigation, we use high energy ion implantation to damage the
structure and increase the concentration of sp2 sites in a controlled manner. By
studying the effects of this increased concentration of sp2 sites on the electrical
and optical properties new information of the role of these sites is obtained. The
structure of the ta-C following ion irradiation is monitored using electron
diffraction and electron energy loss spectroscopy. With increasing dose, the
structure is observed to change from an essentially tetrahedral network
containing sp2 sites as defects' to an essentially sp2 bonded structure in which
there is a high degree of in plane disorder combined with a regular stacking of
the planes.

[1] D.R.McKenzie, D.A.Muller and B.A.Pailthorpe, Phys.Rev.Lett., 67, 1286
(1991).
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Correlation between Absorption Edges and Electrical Conductivity in Ion
Irradiated Hydrogenated Amorphous Carbons

G. Compagnini1, U_, Zammjfr2, K.N. Madhusoodanan2 and G. Foti3
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3Dipartimento di Fisica - Universita' di Catania - Corso Italia 57-95129
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The effect of ion irradiation on the optical and electrical properties of
hydrogenated amorphous carbons were investigated by using a Photothermal
Deflection Spectroscopy technique and conventional resistivity measurements.
It was found that the well known hydrogen desorption induced by ion beam
irradiation causes an overall increase of order in the films leading to a
sharpening of the band edge slope in agreement with the tendency of trigonal
carbon to clusterize in ordered graphitic domains. Correspondingly it was
observed a decrease of the optical energy gap from 1.6 to 0.2 eV due to the
formation of weakly bonded n electron states. The room temperature resistivity
of the films changes by about 10 orders of magnitude from the value of the as
prepared sample (p=1010 Q-cm), to p=l Q-cm at ion fluences of 1017 ions/cm2.
Moreover the observed temperature dependence of p(T) can be interpreted with
charge transport due to hopping between isolated, conducting islands and the
results are discussed in terms of the extension of sp2-hybridised areas in the
amorphous network.
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Characterization of Ion Irradiated a-Carbon Films
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Amorphous carbon films prepared by arc discharge method (containing -10%
H) were irradiated with ion beams, and characterized by XPS and Raman
spectroscopy. XPS spectra of C-ls irradiated with 100 keV He+ are decomposed
into three components. It appears that one of the components increases with
the ion dose. The intensity of Raman shift at 1360 cm1 , originating from
Graphite like bond, is also found to increase with the ion dose. These indicate
that amorphous carbon films are transformed into Graphite like carbon by ion
bombardment, supporting the observations of the enhanced stopping cross
section of carbon films by ion irradiation [1].

[1] N. Matsunami, Nucl. Instrum. & Meth. B79 (1993) 549.
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Study of Defects on Ion Irradiated Diamond

P,F. Lai1. S. Prawer1, L.A. Bursill1, A.E.C. Spargo1 and C. Noble2
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2Department of Physics, Monash University, Clayton, Victoria 3168, Australia

It has recently been shown that successful doping of diamond involves
implantation at low temperatures followed by rapid thermal annealing and
that the degree of activation depends on a competition between C
interstitial-vacancy recombination and implanted dopant-vacancy
combination. A knowledge of the defect structures created in the diamond is
therefore crucial for optimizing the doping of diamond by ion irradiation. In
the present work, type Ha diamond has been irradiated with 320 keV Xe ions
at room temperature. For the first time the defect structures induced by the
implantation have been imaged in TEM. It was found that up to a dose of
1x1014 ions/cm2 the diamond remains single crystalline, with no evidence of
graphitization. However, the strain field associated with the implantation can
be imaged using the weak beam technique, even for doses as low as 3xlO13

ions/cm2. The TEM results are supplemented with Electron Energy Loss
Spectroscopy (EELS), Raman, Electron Spin Resonance (ESR) and electrical
conductivity measurements, to provide a comprehensive picture of the defect
structure in the ion implanted layer.
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Ion Beam Promoted Lithium Absorption in Glassy Polymeric Carbon*

R.L. Zimmerman1. D. Ila1, G.M. Jenkins1, H. Maleki1 and D.B. Poker2
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2Solid State Division, Oak Ridge National Laboratory*, Oak Ridge.TN 37831,
U.S.A.
Liquid resol C7H8O2 converts to fully cured phenolic resin C7H6O of specific
gravity 1.25 on heating at 150 °C to 200 °C. This resin further transforms into a
porous but impermeable Glassy Polymeric Carbon (GPC) of specific gravity
1.45 on heating to 1000 °C [1]. We have shown that porous polymeric structure
can be produced by pyrolysis of resol at temperatures below 700 °C and that the
availability of the micropores can be controlled by adjusting the heat treatment
temperature [2]. We have shown that lithium percolates without diffusion into
the open pores of GPC samples immersed in molten lithium salt bath at 700 °C
[2]. Oxygen bombardment of GPC produced around 700 °C increases the total
pore volume available for lithium occupation. The lithium concentration
depth profile is measured using Li (p,oc) nuclear reaction analysis. We will
report on lithium percolation into GPC prepared at temperatures between 500
°C and 1000 °C and activated by MeV oxygen bombardment.

11] G.M. Jenkins and K. Kawamura, Polymeric Carbon - Carbon Fiber, Glass and Char,
(Cambridge University Press, 1976).
[2J D. Ila, G.M. Jenkins, R. L. Zimmerman and A. L. Evelyn, Mat. Res. Soc. Symp. Proc.
Vol. 331,(1994)281.

This project is supported by National Science Foundation Grant No. EHR-9108761 and the
Howard J. Foster Center for Irradiation of Material at Alabama A&M University.
^Research is sponsored by the Division of Materials Sciences, U.S. Department of Energy,
under contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.
The submitted manuscript has been authored by a contractor of the U.S. Government under
contract No DE-AC05-84OR21400. Accordingly, the U.S. Government retains a non-exclusive,
royalty-free license to publish or reproduce the published form of the contribution, or allow
others to do so, for U.S. Government purposes."
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Defect Production in Diamond Implanted with 335 MeV Ni Ions

W.R. Fahrner1. Varichenko2, A.R. Filipp2, A.M. Zaitsev1-2, S.A. Fedotov2, D.
Fink3
'LG Bauelemente der Elektrotechnik, Fern Universität Hagen, Haldener Str.
182, 58084 Hagen, Germany
2University of Minsk, 220080 Belarus
^Hahn-Meitner Institute, Berlin, Germany
Defect production in diamond by high energy ion implantation is studied by the
cathodoluminescence method. la-type natural diamond samples implanted
with 335 MeV Ni ions of doses from 5xlO12 to 5xlO14 c m 2 have been
investigated. The depth resolved measurements have been performed by a
successive thin layer ion sputtering of the implanted area.

The formation processes of intrinsic (the GR1 and TR12 centers), nitrogen
related (the N3, H3, 575 nm, 638 nm centers), as well as new centers with
zero-phonon lines at 707 and 717 nm (the origin of these centers is unknown) in
nitrogen containing diamonds by ions of energy of several MeV/a.m.u. are
considered. The projected range of 335 MeV Ni ions in diamond is measured
experimentally as 28 urn (the TRIM-90 simulation value of Rp is 27.7 (im). An
exclusive role of the ionization defect production mechanisms in creation of the
638 nm cathodoluminescence center in ion implanted diamond is discussed.
The appearance of the H3 center and the new centers in a considerable
concentration far beyond the projected range depth is accounted for by an
impact of a part of the Ni ions subject to channelling through ion tracks.
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Radiation Damages and Conductivity of Ion Implanted Diamond

Q. Yang. B.V. King and R.J. MacDonald
Department of Physics, The University of Newcastle, NSW 2308, Australia

The Monte Carlo code TRIM has been modified to simulate the 3-dimensional
damage distribution in 100 keV C and 320 keV Xe implanted diamond at low
temperature. The output has been used to calculate the changes in the
conductivity of diamond with ion implantation. We also assume annealing of
point defects generated in overlapping cascades. A percolation approach for
hopping conduction is described, which takes into account the depth-dependent
damage concentrations. The conductivity as a function of ion dose has been
calculated using the modified percolation model, and agree well with available
experimental results in diamond.
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Study of Structure Damages and Oxidation Processes in Polymers
Induced by Ion Implantation
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Some polymers, such as CMPS and Mylar, was implanted by several kinds of
ions at different energy and dose. After ion bombardment, XPS and FI-IR
methods were used to study the structure damages and oxidation processes in
these polymers. The experiment results show that (1) with the process of ion
energy deposit, the main-chains and side-chains of the polymers are broken and
then the composition of the polymers changes a lot, even a kind of rich-carbon
polymer is formed at large ion dose; (2) ion implantation can change the
structure of the polymer, for example, C=C bond is formed and the crystallinity
of polymer decreases; (3) the free radicals are produced by ion implantation and
with which oxidation of the polymer is induced. The degree of oxidation increases
with the dose of ion bombardment and the time of the polymer exposure to air;
(4) a series of the changes in polymers is related to ion mass, ion energy and the
structure of the polymers.
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Damage of Poljimide Films by Transmitting an MeV Proton Microbeam

A. Kinomura. Y. Horino, Y. Mokuno, A. Chayahara and K. Fujii
Osaka National Research Institute, AIST, 1-8-31 Midorigaoka, Ikeda, Osaka
563, Japan

Polyimide films have been used as a window material in external-vacuum ion
beam analysis, because the polyimide has high durability to radiation, high
temperature and mechanical stress. Dose and current density in microbeam
systems are two or three orders of magnitude higher than those of unfocused
beam systems. Therefore, it is important to investigate the damage rate of the
polyimide thin film under irradiation of MeV ion microbeams.

The polyimide film with a thickness of 7.5 urn was irradiated by a 1.5 MeV
proton microbeam in a vacuum chamber. Almost all the protons pass through
the film and electronic stopping is a major energy loss process in this case.
Induced damage was evaluated by in-situ RBS (Rutherford backscattering)
analysis using a proton microbeam. Change in the RBS spectrum was hardly
found after the irradiation to a dose of 2x1018 H+/cm2.
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Ion Beam Modification of PMMA - Reconsidering The Optical Properties

A. Schmoldt. D. Fink, G. Schiwietz and J.P. Biersack
Hahn-Meitner-Institute, Glienicker Str. 100, D-12109 Berlin, Germany

PMMA films of several urn thickness were bombarded by various ions at
energies of several 100 MeV. In this way, a nearly uniform ionization density
could be achieved over the full width of the sample foil. Hence, the evalutaion
of the optical properties (refractive index and absorption) could be obtained
unambiguously by standard techniques. With increasing deposition of
ionization energy, an increase of the refractive index by a few percent could be
observed. This increase can be interpreted as the consequence of some
compaction of the material (increased density) and an increasing number of
double bonds due to radiation induced defects in the polymer chains.
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Swift Heavy Ion Irradiation of Organic Matter: Production of
BuckminsterfaUerene and Polycyclic Compound
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We showed recently that energetic ion irradiation of carbonaceous matter may
result in production of both fullerenes and (poly)cyclic compounds. These
examinations have been extended to other organic matter. In order to quantify
the results, soluble materials such as sugar, PMMA, etc. have been selected.
Wheras fullerene production yields of 84 ± 31 C60 molecules per ion and 3 ± 2
C70 molecules per ion were found in 3 GeV U20+ irradiated saccharose
crystals, no fullerene could be detected in GeV-heavy ion irradiated foils of
plexiglas and polypropylene, within a detection limit of 5xlO'n g C60- On the
other side, FTIR examinations of these materials reveal a high production
efficiency of (poly)cyclic compounds upon energetic heavy ion irradiation. It
appears that the production of (poly)cyclic compounds counteracts the
fullerene production production. The clue for this behaviour might be found in
the hydrogen mobility along the latent ion tracks.
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Ion Beam Enhanced Electrical Conductivity in Polymers*
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1Center for Irradiation of Materials, Alabama A&M University, P. O. Box 1447,
Normal, AL 35762-1447 U.S.A.
2Solid State Division, Oak Ridge National Laboratory*, Oak Ridge, TN 37831
U.S.A.

We will report on the application of MeV ions to modify the electrical properties
of various insulating polymers. We have chosen a variety of polymers with
aliphatic molecular chains and with aromatic groupings, both linear and
cross-linked. We used proton, alpha, nitrogen and oxygen particle beams. The
beam energy, from 1 MeV to 8 MeV, and the beam current, from 100 pA to 30
nA, for each ion specie were selected to deliver maximum electronic stopping
power in a predetermined depth and area. TRIM92 computer code was used to
estimate the ion range and electronic stopping power at various depths. We
observed experimentally the compositional and electrical properties of these
polymers at various pyrolysis temperatures from 90 °C to 700 °C, after
bombardment by different ions. Then changes in these properties induced by
pyrolysis at various temperatures were compared with those induced by the
linear energy transferred (LET) per unit length of ion track for different
bombardment parameters. Changes induced by the LET from energetic ions
were found to be similar to those induced by pyrolysis, but were much better
defined spatially.

This project is supported by National Science Foundation Grant No. EHR-9108761 and the
Howard J. Foster Center for Irradiation of Materials at Alabama A&M University.
^Research is sponsored by the Division of Materials Sciences, U.S. Department of Energy,
under contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.
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Ion Beam Modification of the Complex of Polymer-Metal with Fullerene

Jian-Cheng Zhang1, Jia-Dong Hua2, Ke-Jian Zhang2 and Jin-Liang Zhu3

iDepartment of Materials Science and Engineering, Shanghai University of
Science and Technology, Shanghai 201800, China
2Department of Chemistry, Shanghai University of Science and Technology,
Shanghai 201800, China
3Shanghai Applied Radiation Institute, Shanghai University of Science and
Technology, Shanghai 201800, China

Fullerenes, in particular C60 as one of the new materials - has been bonded to
polymer-metal complex for the first time with two methods. C60 is directly
coordinated in the side-group attached to the main chains of polymer to form
PVPy (charm Bracelt)-metal (Cu, Co, Ni ...)-CQO complex or it is, in a anion,
coordinated with the polymers. To gain Pearl Nechleace polymer, some
diamino derivatives of C60 have been synthesized. The complex with C60 c a n °e
coated on some substrates, such as silicon, glass, alumina (AI2O3), to fonn the
film. The polymer-metal-Cgo complex (P-M-C60) can be implanted by H+, P+,
B+, Sb+ or metal ions to modify the complex. The films or materials implanted
have been investigated by means of infrared absorption spectra (IR), nuclear
magnetic resonance (NMR), fast atomic bombardment mass spectra (FAB-
MS). And their performances of resistivity, photo conductivity, magneto-
electrical effects and light-transmissivity to light as well as the structure are
discussed comparing with the complex without irradiation.
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The Electrical Resisitivity and Infrared Study of MeV Ion Irradiation in
Pol^nide

JtL. Zhu>.2.5. L.T. Chadderton2, D. Fink1-3, S.A. CruzM and D.Z. Zhu5

iApplied Radiation Institute, Shanghai Univ. of Sci. and Tech., Shanghai
201800, China
2Division of Applied Physics, CSIRO, and Research School of Physical
Sciences, Australian National University, Canberra, ACT 0200, Australia
3Hahn-Meitner-Institute GmbH, Dep.P-3, Glienickerstr. 100, D-1000 Berlin 39,
Germany
4Departmento de Fisica, Universidad Autonoma Metropolitana-Iztapalapa,
Mexico
5Shanghai Branch, Joint Open Laboratory of Analytical Nuclear Techniques,
Shanghai 201800, China

No successful fabrication of any sophisticated electronic device - a with
environmental stability - has yet been reported. It is basic requirement that a
systematic research be made for a successful combination of particle
projectile, target polymer and overall irradiation conditions.

Lithium, boron, silicon, phosphorous, indium, antimony and gold ion beams
were used, in the energy range 65 keV - 5 MeV, as ionic projectiles for
polyimide targets, and for doses varying from 1011 to 5 x 1016 ions/cm2. Clear
differences in radiation effects on electrical resistivity for heavy and light ion
implantation were observed, and for lower and higher dose bombardments.
There is different slope in the plot of resistance vs electronic energy deposit for
higher doses, comparing lower doses. That is doubtless due to ion energy
deposition mechanisms and/or stopping powers.

FTIR method was used to study the chemical changes and structures. It is
obvious that there is different absorption of the polymer for light ion and heavy
ion bombardment as well as different dose.
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Thermal Diffusion Study of Xe and Cs Implanted into a Polymer Film

J.R. Kaschny and M. Behar
Instituto de Fisica, UFRGS, Caixa Postal 15051, 91501-970, Porto Alegre, RS,
Brasil

A systematic range distribution study of ions (5< Zi <83) implanted into polymer
films show that a majority of the ion species exhibit regular profiles. Exceptions
are the noble gases which in addition to the regular Gaussian shape display a
penetrating tail directed toward the bulk. In order to understand the mechanism
for this diffusional behavior we have implanted Xe at 80 K, into a polymer film,
and then we have performed thermal annealings between 80 K and 573 K. In
addition and for comparison, we have implanted Cs into the same polymer and
studied its diffusional behavior into a 273-573 K temperature range. The
resulting depth profiles were obtained by RBS experiments performed "in situ".
The Xe diffusion follow an Arrhenius behavior with an activation energy of Eb =
100 meV. On the other side the Cs results indicate that, the diffusional process
is characterized by an activation energy Eb = 205 meV. The difference between
Cs and Xe activation energies should be attributed to Cs-photoresist chemical
bonds. It is shown that the diffusion process follows a trapping-detrapping
mechanism, which is responsible for the non-regular Xe profile when implanted
at room temperature. The Xe detrapping energy is Et = 230 meV and the Cs is Et
= 340 meV. All these facts indicate that the Cs-photoresist bonds play an
important role in the thermal diffusional process.
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Quantum-Theoretical Modelling and Interpretation of the Beam Damage in
Ion Implanted PMMA

R. Kallwejt1, P.K. Bischof2, H. Strack3
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The semi-empirical MO method ami was used for calculating the structures
and molecular characterists of virgin PMMA (in a composition of syndiotactic
and atactic components) and the results were compared with those of other
semi-empirical approaches. The results obtained allow the beam damages
caused by the bombardment to be explained as consequence of the energy
density deposited in the material. As a result, the chain scisson mechanism is
set up and the influence on the refractive index is discussed.
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Ion Beam Modification of Intrinsically Conducting Polymers

S. Schiestel, P. Bannizza and G.K. Wolf
Phys. Chem Inst., University of Heidelberg, INF 500, 69120 Heidelberg

Conducting polymers offer many applications because of their interesting
properties. Ion implantation in polymers changes their structure, physical,
chemical and electrical properties. Especially the resistivity of conducting
polymers can be varied by several orders of magnitude. These changes can be
used for lateral structuring in the \im range.

In this contribution ion implantation in Polypyrrole (PPY) using a micro ion
beam is described. The lateral resistivity differences were investigated by SEM,
the correlating local changes of the chemical structure by XPS imaging.

Conducting polymers can be electrochemically oxidized or reduced. The
electrochemical features of the following systems were compared by cyclic
voltammetry: PPY, PPY implanted, PPY platinized and PPY platinized
implanted. Large differences in the behaviour of the different samples are
observed and will be discussed.
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Modification of Polymer-Based Materials to Improve their Resistance to
Space Environment

Z.A. Iskanderova1. J. Kleiman1, R.C. Tennyson1, W.D. Morison1, Yu.
Gudimenko1, G. Cool1 and T. Laursen2

1University of Toronto Institute for Aerospace Studies, 4925 Dufferin Street,
Downsview, Ontario, M3H 5T6, Canada
2Queen's University, Department of Physics, Kingston, Ontario, K7L 3N6
Canada

This study involves the modification of polymeric materials frequently used in
space applications to create chemically modified top surface layers with
considerably improved erosion resistance to low Earth orbit environment,
especially hyperthermal atomic oxygen (HAO), by ion-beam implantation, and
subsequent stabilization of the surface by various oxidative treatments.

The experiments were conducted on Kapton H, Teflon FEP, and epoxy resin
films widely used in space and modern terrestrial industries. Silicon, boron,
aluminum or rare earth metals in the energy range 30-100 keV have been
implanted with fluences (1016 - 1017) cm2.

The original and the modified surfaces are investigated by testing them in the
HAO beam testing facility and by characterizing them using X-ray
photospectroscopy, scanning electron microscopy combined with energy
dispersive X-ray microanalysis and advanced contact angle measurements.
Where appropriate, the mechanical properties of the modified surfaces have been
investigated.

Results are reported on the formation of stable, graded, chemically bonded oxide-
based or self-healing glassy-like highly protective surface layers by exposing the
modified surfaces to hyperthermal atomic oxygen. Such materials also have
increased resistance to various terrestrial environmental factors that cause the
photo-oxidative degradation of polymers.
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Magnetic Properties of the Silicon-Neon Clathrate Compound Induced by Neon
Beam in Super High Doses Irradiated Silicon

A.F. Khokhlov, A.A. Ezhevskii. A.I. Mashin and D.A. Khokhlov
Lobachevsky State University of Nizhni Novgorod, 603600, N. Novgorod, Russia

Experiments on the diffraction of electrons, effusion of neon and Auger-electron
spectra have shown the formation of the silicon-neon lattice clathrate compound
during the ion irradiation of the monocrystalline silicon with Ne+ ions at super
high doses. Formation and accumulation of the vacancy type defects at the
irradiation leads to the amorphization of silicon and than induces the formation
of stable lattice clathrate compound SixNey by filling the voids in amorphous
phase of silicon with neon atoms. It has been suggested from the EPR
measurements, that the existence of the two levels of saturation on the NS(D)
curve is due to two different phases: amorphous phase of silicon and SixNey
compound. On the basis of this model, transition to the ferromagnetic ordering of
spins of the silicon broken-bonds at a super high dose of irradiation has been
discussed. Parameters of magnetic dependence of the EPR line intensity at the
inhomogeneously distributed spin density.
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Implantation of Tl and N into Soda lime Glass to Minimize Solar Load and IR
Transmission

Gary S. Was1. Victor Rotberg1, Dennis Platts2 and John Bomback2

iDepartment of Nuclear Engineering, University of Michigan, Ann Arbor, MI
48109, U.S.A.
2Glass Division, Ford Motor Company, Dearborn, MI 48121, U.S.A.

Implantation of selected ions into glass is known to affect optical properties in
selected wavelength regimes such as reflection or transmission of visible, UV
or infrared radiation. This is of great practical importance in, for instance,
solar load control. In an effort to reduce solar load and IR transmission, soda
lime glass was implanted sequentially with Ti+ and N+ to doses greater than 2
x 1017 cm2. Analysis of the implant distributions were made using RBS and
XPS and revealed profiles which closely followed each other as designed by the
selection of implant energies. Analysis of optical properties showed that even
the lowest dose resulted in an increase in the fraction of IR reflected by more
than a factor of 4, vs. 1.7 for the visible regime. The percentage of the total solar
radiation rejected exceeded 60% at the lowest dose, indicating that the buried
layer is highly effective in reducing solar load. In an effort to minimize solar
load and IR transmission while maintaining high visible light transmission,
implantations were conducted over a dose range from 2 to 6 x 1017 cm 2 and
over two energy regimes. This paper will focus on the roles of implantation
parameters, composition profiles and phase structure in minimizing solar
load and IR transmission in glass.
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Role of Ion Implantation on the Storage and Dissipation of Polarisation Energy
in Alumina

J. Bigarre1, g,...Faye.nrile1. D. Treheux1, K.H. Oh2, C. Legressus3

1Ecole Centrale de Lyon, France
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3CEA, France

The Miror Method recently developed to characterize the property of a material
to trap or not electrical charges in its lattice has been applied to analyse the
behaviour of alumina implanted with zirconium or titanium ions at an energy
of 170 keV and for doses ranging from 7xlO15 to 2xlO17 ions cm2 . The
microstructure of the implanted layers has been studied by grazing incidence
X-ray diffraction. The miror method giving the capacity of charging has been
performed at various temperatures.

It is shown that electron trapping depends on the treatment conditions. After
high dose implantation (> 2xlO16 Zr), charging does not occur on the contrary
of what happens for low doses or after annealing. The energy of charge
trapping is deduced from the charging curves plotted as a function of
temperature.

The amount of trapped charges is discussed in term of secondary electron
emission and is related to the microstructure of the implanted layers (presence
of ZrC>2, of Al-Ti compounds, stresses ...). Discussion based on the space
charge physics is made to correlate this amount with the capacity of storage
and dissipation of energy in the dielectrical material. Correlations with
mechanical and electrical properties are proposed.
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Damage of Baryum Hexaferrites Induced by GeV-Heavy Ion Irradiations

J.M. Costantini1. F. Brisard1, A. Meftah2, M. Toulemonde2 and F. Studer3
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2CIRIL, Rue Claude Bloch, 14040 Caen Cedex, France
3CRISMAT, ISMRA, Bd Maréchal Juin, 14050 Caen Cedex, France

The damage induced in single crystals of baryum hexaferrites(BaFei2Oi9) by,
3.8 GeV 129Xe and 6.0 GeV 208pD i o n irradiations has been monitored by Fe
Mössbauer spectrometry at room temperature (RT). The damage cross
sections, i.e. the cross sections of the amorphous track cores, are deduced from
the former data and compared with our previous data on sintered samples.
The effects of the strain field in the crystalline track haloes are also discussed
in both cases. Moreover, the effects of amorphous track formation on the RT ac
magnetic permeability and ac/dc conductivity are studied. The damage cross
sections deduced from the former data are discussed and compared with that
of Mössbauer data. A comparison is also made with our previous results on
other (ferri)magnetic insulators, like yttrium iron garnet (Y3FesOi2),
regarding the effects of disorder and track-induced strain field on the
magnetic and transport properties.
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Structural Stability of MgO-3Al2O3 Spinel Single Crystals under High-
Fluence Ion-Irradiation

Kurt E. Sickafus. Ning Yu and Michael Nastasi
Materials Science and Technology Division, Los Alamos National Laboratory,
Los Alamos, NM 87545, U.S.A.

Non-stoichiometric single crystal spinel samples with composition MgO-3Al2O3
were irradiated near (001) orientation with 400 keV Xe++ ions at 100 K to a peak
damage level of 25 displacements per atom (dpa). Damage accumulation in the
irradiated surface was assessed by ion channeling and cross-sectional trans-
mission electron microscopy. At the maximum dose of 1x1016 Xe/cm2, a
continuous crystalline layer of about 150 nm was observed in the implanted
region. The layer is oriented with the underlying substrate, but is highly
defected and possesses a symmetry different than that of the bulk. This change
in symmetry is revealed by the absence of intensity at the spinel <220>
reciprocal lattice positions in micro-diffraction patterns obtained from the
irradiated layer. In this presentation, we contrast this micro structure to our
observations on stoichiometric (001) MgOAl2O3 single crystals irradiated with
400 keV Xe++ ions to the same dose and at the same temperature as above. In
the latter case, we observed a 130 nm thick amorphous layer as well as a narrow
transition layer of crystalline material with the new symmetry. We will present
an account for the resistance of the non-stoichiometric spinel to the amorphous
transformation.
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A Comparative Study on Ion Beam Induced Effects in Materials with the
Spinel Structure

L.M. Wang. W.L. Gong, N. Bordes and R.C. Ewing
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Albuquerque, NM 87131, U.S.A.

MgAl2C>4 is known to be resistant to irradiation induced amorphization and
the fact has been mainly attributed to the isometric spinel structure. However,
it is questionable that the structure-type is the main criterion considering that
many cubic intermetallic compounds have been amorphized by ion beam
irradiation at moderate conditions. In this study, several materials with the
spinel structure have been irradiated with 1.5 MeV Kr+ ions using the HVEM-
Tandem Facility at Argonne National Laboratory with in-situ TEM
observation. While dislocation loops and cation disordering were observed in
MgAl2O4 during irradiation, the material never became amorphous even at
near liquid helium temperature (15 K) with doses up to 1016 ions/cm2.
However, y-SiFe2O4, a spinel structure type formed under high pressure, was
easily amorphized at low dose (1014 ions/cm2) below 870 K. Above 870 K, the
amorphous phase recrystallized into a-Fe2SiO4, which has the olivine
structure. Thus, the structure-type criterion alone is not determinative for
predicting whether radiation-induced amorphization will occur. In addition,
FeCr2O4, a naturally-occurring phase with the spinel structure has also been
irradiated at various temperatures. The ion irradiation effects in these spinel
phases are compared and explained with the results of thermodynamical and
topological analyses.
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Optical Property Changes of Sapphire Induced by Ion Implantation
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Optical flat sapphire samples were implanted with 1 to 3 MeV C and Si at the
dose of lxlO15 to 4x1017 ions/cm2, and the changes of optical properties were
measured by a UV-IR spectrophotometer and a fluorophotometer. After the
implantation, the absorption at 200-230 nm increases and other absorption
bands appear at 260 nm for C and Si implantation and 300 nm for Si
implantation. These absorption bands increase with the increase of the dose.
Fluorescence band is observed at about 320 nm for the excitation light of 210 to
280 nm with the peaks of around 230 and 260 nm for the implantation of lxlO1^
C or Si /cm2. The fluorescence decrease with the increase of the dose especially
for the excitation light shorter than 240 nm. On the energy dependency, the
absorption is not affected so much, but the fluorescence tends to increase with
the increase of the energy. In the double implantation of C and Si, the order of
the implantation, that is C+Si or Si+C, has the influence on both of absorption
and fluorescence. Temperature of the sample in implantation also affects the
optical properties and the distributions of implanted ions which were measured
by SIMS.
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The Study on Variation of Boron Nitride Crystalline State Phase by Ion Beam
Implantation
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The effect of ion beam irradiation on the variation of boron nitride crystalline
state phase was studied by low and high energy ion irradiation to the boron
nitride films. Nitrogen, inert gas and metal ions were used for the ion species,
that were accelerated in the energy range of 2-20 keV and 1-3 MeV,
respectively. Hexagonal boron nitride films formed on silicon (100) wafers by
plasma CVD were used for the substrate, and the variation of crystalline phase
occurred by irradiation to those films was evaluated by infrared absorption
spectra, Raman-scattering patterns and X-ray diffraction measurement.

The spectra indicated that the crystalline state was varied depending on the
ion species, irradiation energy and dose of ions, and those results showed that
the growth of a cubic boron nitride crystalline phase could be caused in the
specimen of hexagonal phase by preparation of ion irradiation with optimum
conditions.
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No Heat Assistance Crystallinity Improvement of Epitaxial CeO^Si by High
Energy Ion Irradiation

M. Satoh1. Y. Sone1, Y. Yamamoto1, T. Inoue2 and H. Kudo3
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3University of Tsukuba, Tukuba, Ibaraki 305, Japan

The crystalline quality of epitaxial CeO2 insulating films on Si substrates,
mounted on a sample stage kept at 25 °C, is improved by irradiation of 4 MeV
B3+ ions (lxlO14 ~ lxlO16 ions/cm2) or 56 MeV O8+ ions (4xlO15 ions/cm2).
RBS/channeling measurements for a sample irradiated with 4 MeV, 5xlO15

B3+ ions/cm2 exhibit the decrease of normalized minimum yield (Xmin) from
4.5 to 2.5% at the surface and from 30.9 to 20.8% at the interface. The Xmin
values of irradiated samples decrease with increasing ion dose within the
present experimental condition. The similar decrease in Xmin value is also
observed in the irradiation of 56 MeV O8+ ions. The mechanism involved in the
crystallinity improvement by heavy ion bombardment in CeO2 films is different
from that in the damage recovery in the implanted Si, since the thermal
enhancement of vacancy migration, playing a principal role in the latter case,
is not expected. The energy and dose dependencies are presented.
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Ion Beam Induced Epitaxial Recrystallization of Alumina Thin Films
Deposited on Sapphire

Ning Yu and Michael Nastasi
Division of Materials Science and Technology, Los Alamos National
Laboratory, Los Alamos, NM 87545, U.S.A.

Ion beam induced epitaxial recrystallization (IBIER) of alumina thin films
deposited on sapphire substrates has been investigated. Amorphous alumina
films with thicknesses of 60-70 nm, doped with Fe cations to cation
concentrations of 0-2.5 at.% were deposited onto single crystal sapphire
substrates with a [0001] orientation using electron-beam evaporation. We have
observed that epitaxial regrowth can be induced by ion beams of a few hundred
keV with ion species of O, Ne, and Ar at substrate temperatures of 400 °C or
above. The study of ion beam annealing kinetics have indicated that the
activation energy associated with the IBIER is one order of magnitude lower
than that found from thermal regrowth of deposited alumina thin films. The
amount and the quality of epitaxial regrowth were determined by Rutherford
backscattering and ion channeling of a 2 MeV He ion beam. The
microstructure and phase formation in the regrown films were characterized
by cross-sectional transmission electron microscopy. A comparison of IBIER
with thermal recrystallization in alumina will be given. The influence of Fe
cations on the regrowth will also be discussed.
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In-Situ Ion-Beam Analysis and Modification of Sol-Gel Zirconia Thin Films

Timothy E. Levine1. Ning Yu2, Padma Kodali2, Kevin C. Walter2, Michael
Nastasi2, Joseph Tesmer2, Carl Maggiore2 and James W. Mayer3
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We report the investigation of ion-beam-induced densification of sol-gel
zirconia thin films via in situ Rutherford backscattering spectrometry. We
have demonstrated in prior work that energetic ions in the 100 keV energy
range densify sol-gel zirconia thin films as characterized by chemical and
physical changes in the films. The observed densification has been attributed
to a combination of nuclear and electronic energy loss modes of the impinging
ions in the films, which we further clarify here. Specifically we have
implanted four inert gases into different regions of the same sample. For each
gas, a series of implantation/analysis steps were performed using an
interconnected 3.5 MV tandem accelerator. The technique offers the advantage
of minimizing the variation of experimental parameters and sequentially
monitoring the densification phenomenon with increasing ion dose.
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Stress-Induced Fragmentation in Ion Beam Modified Brittle Solids
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Recent studies have demonstrated that ion implantation can considerably
modify the fracture behaviour and thermal stress resistance of magnesium
oxide, lithium fluoride and glass. The present work provides a further
quantitative study of the fragmentation and microcrack toughening effect
which ion implantation can activate in these materials and aluminium oxide
crystals. The samples were implanted with 70 keV Si ions at room
temperature to doses ranging from 5xlO14 cm-2 to 5xlO16 cm"2. Using thermal
stress testing the fracture and deformation characteristics of the samples was
determined. In contrast with magnesium oxide and lithium fluoride crystals
the maximum of the fragmentation curve in sapphire was shown to be almost
unaffected by ion implantation. However, at doses above which amorphization
in the near surface layer of sapphire crystals takes place, the crack density
curve is considerably displaced towards lower temperatures. This results in a
ten-fold increase in the crack density and a three-fold decrease in the degree of
fracture damage near the threshold of fracture. The data suggest that under
applied stress the near-surface implanted layer generates a high density of
crack nucleating sites. It appears that the toughening effect observed in the
materials is mainly related to the lattice disorder introduced by ion
implantation.
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Ion Beam Annealing of Sapphire Implanted with Zr Ions

W. Zhoul and D.K. Sood2
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Ion beam induced epitaxial crystallisation of amorphous AI2O3 was
established in our previous study*. Ion beam induced annealing of a damaged
but crystalline region or of a buried amorphous layer in c-axis AI2O3 is now
reported. The samples were implanted at room temperature by 360 keV Zr
ions, with doses ranging from 0.5xl016 to 8xlO16 Zr+/cm2. At lower doses ion
damage consists of a surface damage peak and a buried crystalline damage
region. At higher doses, a buried amorphous layer is produced. Ion beam
annealing was subsequently achieved with 1.5 MeV Si ion irradiation at 400
°C. At such a temperature, the rate of thermally induced recrystallisation is
negligible. The extent of crystallisation, the redistribution of Zr atoms and the
probable phase formation of zirconia during ion beam annealing are studied in
detail. The results indicate that ion beam annealing can (1) successfully
anneal crystalline damage, (2) anneal buried amorphous layers starting from
the surface, as well.

*W. Zhou, D.K Sood, R.G. Elliman and M.C. Ridgway, Nucl. Instr. and Meth. B80/81 (1993)
1104.
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Effect of Compositional Changes of Glass Surfaces on Contact Angle of Water
by Nitrogen, Oxygen and Argon Ion Irradiation

Yoshio Okabe
Saitama Institute of Technology, Okabe-machi, Osato-gun, Saitama 369-02,
Japan

Dose dependence of contact angles of water for nitrogen, oxygen and argon ion
irradiated quartz glass, slide glass and nesa glass surfaces without mass
analyses were measured to investigate the process of the improvement of the
glass surface property. The doses and acceleration voltage of the ions were 0.1
to 8 mC cm 2 and 80 kV, respectively. Contact angles of water for the surface
induced by nitrogen and oxygen irradiation showed higher value such as about
80° than that for the un-irradiated glass specimens. On the other hand, argon
irradiation induced the surface with lower contact angle such as 15-25° in the
doses ranging 2 to 5 mC cm 2 in comparison with un-irradiation. Quantitative
X-ray photoelectron spectroscopic analyses on the surface compositional
changes of the irradiated glasses showed carbon richness for the surface with
such higher contact angle as about 80°. These results indicate that it is an
important factor to learn the process of surface compositional changes for
controlling contact angle of glass surface.
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Preparation and Electrochemical Stability of Thin A1NX Layers
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A1NX layers of thicknesses between 10 nm and 300 nm have been prepared by
ion implantation of N2+ into aluminium. The formation of aluminium nitride
and the theoretically estimated layer thicknesses were confirmed using XPS.
The insulating behaviour of bulk A1N was found in UPS investigations for the
prepared layers, too. The layers, in contrast to PVD and CVD layers, were
almost oxygen free (<1%) thus supplying a convenient, in-situ prepared
reference system for surface analysis.

In neutral and acidic electrolytes even 10 nm thick A1N layers provided
protection against anodic oxidation of aluminium surfaces up to potentials of
1.8 V (SHE). Only above this critical potential the electric field is high enough
to allow ion migration through the thin nitride layer. According to surface
analytical and electrochemical measurements the nitride layer is
subsequently oxidised completely. AI/AI2O3/AIN as well as AI/AIN/AI2O3
structures were prepared.

According to the Al-N phase diagram phase separation should occur for A1NX
with x<l as A1N and Al are immiscible. Samples were therefore heated up to
300 °C in an UHV chamber to enhance the separation of metastable phases.
The effects were investigated with integral and locally resolved surface
analysis.
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In-Situ Study of Creation and Relaxation of Mechanical Stress in Silica During
0.2-4 MeV Ion Irradiation

E. Snoeks and A. Polman
FOM Institute for Atomic and Molecular Physics, Kruislaan 407. Amsterdam,
The Netherlands

Using in-situ wafer bending measurements during keV and MeV ion
irradiation of silica, we find three effects: densification, an anisotropic
deformation effect, and radiation enhanced viscous flow. By variation of ion
mass and irradiation energy, we determined that the defects causing radiation
enhanced flow of S1O2 are caused mainly by nuclear stopping, and annihilate
via a unimolecular process.

For 4.0 MeV Xe irradiation, the damaged layer expands ani so tropically in the
plane perpendicular to the ion beam, whereas for lower irradiation energy the
opposite occurs: the layer expands in the direction of the beam and contracts in
the perpendicular plane. Both effects are explained by a local heating effect in
the vicinity of the ion track. The difference is ascribed to an increased role of
the surface for low energy irradiation.

We also studied irradiation of an alkali borosilicate glass. The three effects that
we observed in pure SiC>2 are also seen here. In addition, we find evidence for
the generation of volume occupying defects. Annealing of these defects is
governed by a spectrum of activation energies and takes place at room
temperature for at least several days.

The deformation effects cause dramatic deformation of silica implantation
masks during high energy irradiation, and macroscopic roughening of planar
silica surfaces.
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XPS Study of Cell Adhesion Controlled Polymer Modified by Ion Implantation

A. Nakao1. M. Kaibara1, M. Iwaki1, Y. Suzuki2 and M. Kusakabe2

lrThe Institute of Physical and Chemical Research(RIKEN), Wako, Saitama
351-01 Japan
2Research Center, Sony Corp., Tokyo, 141 Japan

XPS (X-ray photoelectron spectroscopy) study of ion implanted polymer has
been made in order to analyze the cause of cell adhesion control of polymer.
Substrates used were polystyrene (PS), oxygen plasma treated polystyrene (PS-
O) and polypropylene (PP). Ne+ ion implantations into PS, PS-0 and PP were
performed at an energy of 150 keV with a fluence between 1 x 1014 and 1 x 1015

ions/cm2. The surface chemical bond states were investigated by XPS. Cell
adhesion controlled polymer was produced by ion implantation. PS and PP
exhibit higher adhesion and spreading of Hela cell by ion implantation with a
fluence of 1 x 1015 ions/cm2. On the contrary, ion implanted PS-0 is found to
inhibit Hela cell adhesion. XPS results shows that ion implantation destroyed
the original chemical bonds and consequently produced new functional
groups. It is considered that the drastic change of surface chemical bond
states bring the exhibition and inhibition of Hela cell adhesion.
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Application of TAMEK Vacuum Arc Ion Sources for Material Modification

Alexander M. Tolopa1 and Pan Tamek2

applied Physics Institute, Ukraine Academy of Science, P.O. Box 561, Sumy,
244024, Ukraine
213 Partizansky Prospekt, Vladivostok, 690002, Russia

A versatile vacuum arc source operated in the pulsed mode is capable of
generating large spot size 500 cm2 metal ion flows for ion implantation or
deposition. The TAMEK design permits the realization of any of the above-
mentioned regimes within one pulse or a series of pulsed (f=50 Hz, t=300 us,
Ej<200 keV, dDi=1016 ion/cm2/min for implantation and dH=50-200 nm/min for
deposition). If desired, ion implantation, deposition, IBAD can be performed
without switching off the source. The experimental data demonstrate the
possibility of obtaining mixed alloyed layers 3 \im thick in 15 min at low surface
temperature, with the improved structure (microhardness) of metal inner
layer of thickness up to 50 |im. This report presents a review of the TAMEK
source applications for improving the properties of surface layers of tools,
construction materials, electrical contacts and electrodes, ceramics, glasses,
polymers, dielectric materials, etc.

Ref: Rev.Sci.Instrum., 65, 1322 (1994); Nucl.Instrum.Meth., B 52, 25 (1990);
Nucl.Instrum.Meth. B 85,2 64 (1994); A.M. Tolopa, Rev.Sci.Instrum., October
(1994) in press.
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High Energy Ion Beam Technology of Nanoelectronics on Super Hard
Semiconductors

A.M. Zaitsev1.2. W.R. Fahrner2, V.S. Varichenko1, A.A. Melnikov1, A.V.
Denisenko1-2, S.A. Fedotov1.2, B. Burchard2 and D. Fink3

1 University of Minsk, Belarus
2LG Bauelemente der Elektrotechnik, Fern Uni Hagen, Haldener Str. 182,
58084 Germany
3Hahn-Meitner Institute, Berlin, Germany

The miniaturisation in electronics has come somewhat to stagnation in the 0.1
îm range. This is essentially caused by the inherent disadvantage of ion

implantation with energies in the tens and hundreds keV region related to
spatial straggling of implants, as well as by the difficulties in producing masks of
that size. To overcome these problems a new concept is proposed for developing
superdense electronic circuits on the basis of impurity doped high energy ion
tracks in super hard semiconductors. The experimental data obtained by now on
diamond and cubic boron nitride, irradiated with high energy heavy ions confirm
the appearance of thin stretched damaged zones with cross-sections of a few
nanometers along each individual ion path - the ion tracks. The internal
structure of continuous ion tracks in super hard semiconductors are believed to
be qualitatively different from that of the regular crystalline matrix. Features of
this structure are a lower atom density and a one dimensional ordering along the
ion path direction. For diamond the formation of fullerene like molecules inside
the tracks appears to be feasible. The ion tracks enable dopant mobility at
relatively low temperatures. In contrast, diffusion in undamaged regular crystals
of super hard semiconductors are extremely low. Thus doped rod-like
semiconducting thin units surrounded with an insulating intrinsic crystal
medium appear in the irradiated layer of thickness of several micrometers
(about Rp value). It is also shown that an electronic structure comprising two
semiconductive areas separated by an intrinsic insulating gap (s-i-s structure)
can act as an active electronic (diode, transistor) or optoelectronic (light emitter)
device. The feasibility of fabrication of s-i-s nano size electronic structures on the
base of ion tracks is discussed. Methods of a controlled positioning of ion tracks
are proposed.
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Species Retention in Multi-Element Ion Implantation

Alexander Ryabchikov1 and Ian Brown2

institute of Nuclear Physics, Tomsk, Russia 634050
2Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720,
U.S.A.

We describe some experimental investigations of repetitively pulsed titanium
and zirconium implantations into Si, Al and Cu, for the cases when the
implantations of the two species were carried out sequentially (first one species
in toto followed by the other species in toto) and when the Ti and Zr
implantations were "interleaved" (species switched either pulse by pulse or in
packets of pulses). The experiments were carried out using the vacuum-arc-
based high current metal ion implantation facilities at Tomsk and at Berkeley,
and the results of these independent experiments are brought together and
reported here. The results indicate that multi-element ion implantation with
pulse-to-pulse switching between species (ie, "interleaved" mode of
implantation) has significant advantages compared to sequential
implantation. The interleaved mode of operation, with dose per packet less
than about 1 x lO1^ cm'2, results in a retained dose ratio equal to the irradiation
dose ratio, maintaining the relationship between the different dopants.
Sequential irradiation can result in significant sputtering of the
previously-implanted species as well as changing its spatial distribution.

Work supported in part by EPRI and the U.S. Department of Energy.
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Phosphorus Doping and Passivation Processes for Poly and Monocrystalline
Silicon by using Ion Plasma Source

B.N. Mukashev. M.F. Tamendarov, T.B. Tashenov and A.M. Muchitdinov
Physical Technical Institute of the National Academy of Sciences of the
Republic Kazakstan. 480082, Almaty, 82, Kazakstan

Poly (EFG) and monocrystalline silicon samples were doped with phosphorus
and hydrogen by low energy large area accelerated beam of ions from RF (13.56
MHz) discharge in a magnetic field, which produced a plasma from
phosphine gas containing helium or from hydrogen gas.

Charge carrier and phosphoprus atom distributions with depth in implanted
layers were studied after annealing of samples at 850 and 930 °C during 10 sec
by using pulse xenon lamp. It should be noted that SIMS phosphorus atom
distribution is very similar to the charge carrier dependence with depth.
Computer simulation of phosphorus diffusion processes has been performed
by using the model of interaction phosphorus atom with silicon self
interstitials. Diffusion coefficient (D) depends from the rate of increasing
temperature and from annealing time. D for the pulse lamp annealed samples
are approximately by a factor of 10-100 greater than for furnace annealed
samples.

Effective carrier life-time has been increased and the electrical properties of p-
n junction have been remarkably improved by hydrogen passivation of the
surface, deleterious impurities and grain boundaries. Traps of grain
boundaries completely passivated by hydrogen at 310 °C. As a result the
efficiency of the polycrystalline solar cells has been reached -9.5% (without
antireflection coating). This value comparable with corresponding efficiency of
monocrystalline solar grade silicon solar cells.
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Improvement of Hardness, Wear and Corrosion Behaviour of Magnesium by
Ion Implantation

E. Richter1. Th. Chudoba1, R. Giinzel1 and M. Schneider2

iForschungszentrum Rossendorf e.V., Institut fur Ionenstrahlphysik und
Materialforschung, Postfach 510119 D-01314 Dresden, Germany
2Technische Universitat Dresden, Institut fiir Werkstoffwissenschaft,
Helmholtzstrafle 7, D-01609 Dresden, Germany

Magnesium and its alloys are very interesting materials for engineering in
future. The formation of finely dispersed nitride or oxide precipitates in the
surface region by ion implantation has been seen as a possible way to improve
the mechanical properties of these materials and the implantation of metal
ions can change the corrosion resistance.

In this paper implantation of O+ as well as N+ was studied for improving the
mechanical properties using ion energies in the range up to 300 keV. The
implanted fluence were in the range between 1017 to 1018 ions/cm2. Depth
profiles, microhardness and the wear behaviour were investigated. The
results of beamline implantation were compared with results of plasma
immersion implantation experiments.

The corrosion behaviour after implantation of O+, Cr+ and Ti+ under equal
implantation conditions were characterized by potentiostatic measurements.
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Plasma Immersion Ion Implantation of Germanium into Silicon

Harold Persing1. R.W. Boswell1, John M. Glasko1 and M.A. Lieberman2

1Research School of Physical Sciences and Engineering, The Australian National
University, Canberra, A.C.T., Australia
2Department of Electrical Engineering and Computer Sciences, University of
California, Berkeley, California, U.S.A.

The process of surrounding an object with a plasma and then implanting the
plasma's constituent positive ions into the object with negative voltage pulses is
known alternatively as "Plasma Source Ion Implantation" or "Plasma Immersion
Ion Implantation". Herein, we demonstrate a novel way of doing this type of
implantation, i.e., using solid germanium evaporated through a low pressure,
Helicon-generated argon plasma (nj = 2X1011 cm"̂  ) as the partial source of the
implanted ions. Low energy voltage pulses (-20 kV, 50 usec duration, modulated
at 100 Hz) applied to a 100 mm silicon wafer implant argon ions and germanium
into the silicon. Initial Rutherford Backscattering Spectroscopy (RBS)
investigations show implanted germanium doses of 3xlO16 cm2 to a depth of
roughly 100 A. These results are consistent with the cascade mixing of the
germanium enriched surface layer into the silicon substrate by argon ions.
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Ion Beam Lithography vs. Electron Beam Lithography - a Theoretical
Study

J.P. Biersack
Hahn-Meitner-Institute, Glienicker Str. 100, D-14109 Berlin, Germany

Computer codes of the TRIM cascade type are applied to study the transport
properties of ions and electrons in photoresists and other polymers. In order to
obtain a realistic picture of the full electronic energy deposition, one has to follow
not only the original projectiles, but also the recoiling target atoms and the
cascades of secondary electrons. The calculations are based on quantum-
mechanically correct potentials and electron densities and energies. For the
transport part, Monte-Carlo methods are applied in the binary encounter
approximation.

The same codes may be applied to high energy ions travelling in various
materials. In this case the radial extension of the ionization around the ion
trajectories can be studied, and the radius of etchable tracks could be estimated
by following the primary and secondary electrons moving out of the track center.
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MEWA Ion-Implantation High Tc Superconductors

J.W. Martin1, D.D. Cohen2, G.J. Russell1, N. Dytlewski2 and P.J. Evans2

1 School of Physics, University of New South Wales, Sydney,NSW 2052
Australia
2Australian Nuclear Science & Technology Organisation, Private Mail Bag 1,
Menai, NSW 2234, Australia

Metallised vapour vacuum arc (MEWA) ion-implnatation has been used to
implant transition metal ions into high quality superconductor materials. The
resulting samples were then annealed in an oxygen atmosphere for 108 hours
at 550 °C. Analysis of the samples was by the relatively new technique of heavy
ion elastic recoil time-of-flight spectroscopy (HIERTOFS), employing a 77 MeV
127J10+ beam, along with X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), and ac susceptibility. The HIERTOFS technique is ideally
suited to samples of this nature, providing individual depth profiles for each
element within the matrix. The results were found to be implant-ion species
dependent, with ions such as Ni and Co having opposing effects to that of Fe.
Results also show the formation of an oxide within the lattice that has effected
both the diffusion rate and transition temperatures of the samples.
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Plasma Immersion Ion Implantation System for the Surface Treatment of
Metal Components

K.T. Short. G.A. Collins, J. Tendys and C.H. Van Der Valk
Australian Nuclear Science and Technology Organisation (ANSTO), Private
Mail Bag 1, Menai, NSW 2234, Australia

Plasma Immersion Ion Implantation (PI3) is emerging as a viable alternative
to conventional ion implantation for specific applications such as implantation
of non-planar components and in hybrid treatments such as high energy ion
assisted deposition and energetic ion nitriding. It is particularly suitable for
the treatment of metal components requiring improvement in surface
hardness and wear resistance such as shafts, gears, dies and tools. ANSTO
has developed a prototype of a commercial PI3 ™ system, aimed at treating
metal components up to a few hundred cm2 in surface area with a hybrid
implantation/diffusion process. The system is based on a low pressure rf
plasma in which immersed components can be negatively biased by short
pulses (-100 (is) of up to -50 kV. Heating is provided by the HV ion
bombardment. Full process control and monitoring enables control of all
treatment parameters such as component temperature, ion dose, HV pulse
monitoring and arc suppression. We will describe the system, its operating
capabilities and reliability in a process environment. We will also present
several examples of treatment applications showing the applicability of the
technique to metal components of austenitic stainless steel, Ti and Al alloys
and various low alloy and tool steels.
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Local Material Removal by Focused Ion Beam Milling and Etching

LJEmx1, S. Lipp2, E. DemmS, S. Petersen2, and H. Ryssel1.2
1 Lehrstuhl für Elektronische Bauelemente, Universität Erlangen-Nürnberg
Cauerstraße 6, 91058 Erlangen, Germany
2Fraunhofer-Institut für Integrierte Schaltungen, Bauelementetechnologie
Schottkystraße 10, 91058 Erlangen, Germany
3Siemens AG, Bereich Halbleiter, Balanstraße 73, 81541 München, Germany

Focused ion beams (FIB) have drawn considerable interest as a tool for
micromachining in the sub-micrometer regime with major applications in failure
analysis and circuit repair. With shrinking dimensions, the demands on the
precision of FIB-machining are increasing. In this paper, focused ion beam
milling and ion beam induced etching of Si and SÍO2 have been investigated.
Iodine was used as etchant which increases the removal rate of silicon by a
factor of 20 compared to sputter erosion. The influence of current density, dwell
time, loop time etc., on the characteristics of the generated structures will be
discussed. For both, sputter erosion and ion beam induced etching, removal rate,
surface roughness of sidewalls and crater bottoms, and maximum slopes of cuts
have been measured by atomic force microscopy. Average surface roughness of
less than 1 nm for sidewalls and bottoms of trenches and a slope of 88° was
achieved. Both approaches will also be compared with respect to redeposition of
material and the impact of implanted Ga-ions which cause damage to a depth of
about 40 nm. Finally, the application of this technique to the formation of thin
lamellas for TEM inspection will be shown.
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Localized Damage after Focused Au Implantation in GaAs

T. Kistumoto and M. Takai
Faculty of Engineering Science and Research Center for Extreme Materials,
Osaka University, Toyonaka, Osaka 560, Japan

Focused ion beams (FIBs) at energies from 30 keV to 100 keV have extensively
been used to fabricate miniaturized structured in semiconductor materials
such as Si and GaAs. The applications of FIBs were localized implantation,
providing localized doping and damage formation for delineating miniaturized
structured required for mesoscopic physics such as quantum wires and anti-
dots.

Damage induced by FIBs after annealing or secondary defects have been
investigated using cross sectional TEM or electrical measurements. However,
localized damage just after FIB implantation has not been measured, since the
implanted areas ranged from a few micrometers down to sub-micrometers.

In the previous work, channeling contrast microscopy (CCM) and micro RBS
using nuclear microprobes have been used to measure implantation induced
damage by focused Ga ion beams. Strong flux dependence was found to take
place in GaAs at a dose of 3.7 x 1013/cm2, in which the high dose rate, realized
by FIBs, reduced implantation damage.

In this work, localized damage just after focused Au ion implantation have
been measured using Be ion microprobes. After Au ions emitted from liquid
metal ion source (LMIS), i.e., AuSiBe, have implanted into GaAs by FIBs,
CCM and micro RBS have been measured using Be ion microprobes. The
results were also compared with FIB Ga ion implantation in GaAs.
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Iodine Induced Damage in Semiconductor Materials during Heavy Ion
Recoil Spectrometry Analysis

Scott R. Walker1. Peter N. Johnston1, Ian F. Bubb1, Warren Stannard1, David
N. Jamieson2, Sean P. Dooley2, David D. Cohen3, Nick Dytlewski3 and Jarrod W.
Martin4

iDepartment of Applied Physics, Royal Melbourne Institute of Technology, GPO
Box 2476V, Melbourne 3001, Australia
2School of Physics, University of Melbourne, Parkville 3052, Australia
3Australian Nuclear Science and Technology Organisation, PMB 1, Menai 2234,
Australia
4School of Physics, University of New South Wales, Sydney 2033, Australia

Mass and Energy Dispersive Recoil Spectrometry is a developing analytical
technique which has found application in the study of various semiconductor
systems, particularly III-V compounds. The technique involves the use of a high
energy heavy ion analysing beam to knock constituent nuclei from the target
material and a time of flight and energy (ToF-E) detector system to measure
mass and depth of origin information from these recoiling nuclei. The present
work examines the sample damage induced in GaAs, Si and InP by an 127I
anaysing beam of varying energy (54-98 MeV) and dose under typical analysis
conditions.
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Scanning Tunneling Microscopy Observation of Damages on HOPG
Surface Induced by H+ and Other Light Ion

Wang Yugang1, Kang Yixiu1, Yan Sha1, Zhao Weijiang1. Xie Youchang2, Tang
Wei2, Tang Xiaowei3 and Zhai Pengji3

1 Institute of Heavy Ion Physics, Peking University, Beijing 100871, P.R.
China
2Department of Chemistry, Peking University, Beijing 100871, P.R. China
3Institute of High Energy Physics, Beijing 100081, P.R. China

Light MeV ion, such as H+, He+, B+ and C+, was used to bombard HOPG (Highly
Oriented Pyrolitic Graphite), our STM study shows that after bombardment
there are hillock-like damages on the HOPG surface which average size is about
10 A - 50 A and which number density is about lxlO4 of ion dose (for H+) to
lxlO"1 (for C+). Our experiment also shows the hillock-like surface damages
induced by MeV light ions are some different from those damages by heavy ions
in our previous STM result. In some case, this damage is consist of many smaller
protrudings which only revolve several atoms. The energy losses in the surface
calculated by TRIM code are below twenty eV, especially for H+, being about
several eV, and are much lower than the displacement energy. In this paper, the
possible mechanism of the phenomenon is also discussed.
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Corrosive Properties of AJ/Fe Implanted by the N2+ and Ar*

Xue Jianming, Zhao Weijiang. Wang Yugang and Yan Sha
Institute of Heavy Ion Physics , Peking University, Beijing 100871, China

Aluminium coatings of different thickness (110 nm-220 nm) were formed on the
polished surfaces of 45# steel by Physical Vapor Deposition method (PVD) and
bombarded by N2+ ions (with doses in the range of 5xl06-2xl017/cm2) and Ar+

(5xl016 ions/cm2). Potentiodynamic curves for those Al/Fe specimens were
measured in CH3COONa + 0.1M CH3COOH solution (pH=5.6). After the
bombarded by the N2+ ions, the corrosion current was greatly reduced, and its
time for the corrosion current reaching 1 mA/cm2 was much longer than that of
pure 45# steel and those with coatings but not implanted by N2+. The corrosive
resistance quality of Al/Fe system is affected greatly by the thicknesses of the Al-
coating, and also affected by the N2+ doses used in the implantation. In the same
condition, Ar+ implantation also reduced the Al/Fe specimen's corrosion current
and improved its anti-corrosion ability, but compared with the N2+ implantation,
this improvement is very slightly. XPS experiment had been carried out to study
the mixing result and SEM experiment to detect the micro-structure features of
the coatings .
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Erbium Ion Implantation into KTiOPC>4 • Single Crystals

T. Bachmann1 and M. Rottschalk2

1Institut fiir Festkorperphysik, Friedrich-Schiller-Universitat Jena,
Max-Wien-Platz 1, D-07743 Jena, Germany
2Institut fur Angewandte Physik

Z-cut KTiOPO4-crystals were implanted with 300 keV Er+-ions in the dose range
of lxlO12 up to 8xlO16 cm"2. The damage evolution as well as the annealing
behavior of the implanted layers were studied by means of Rutherford
backscattering spectrometry. The investigations show that amorphous layers are
produced for ion fluences of > lxlO13 cm2. Potassium depletion at the sample
surface is detected for high dose implants of >, 3xlO15 cm2. The amount of
remaining damage after annealing depends directly on the thickness of the
as-implanted amorphous layers. Erbium can be incorporated in the crystal
lattice with concentrations around GxlO1^ atoms/cm if annealing is performed
at 850 °C. The annealed layers were K <--> Rb ion exchanged. The properties of
the resulting waveguides are discussed.
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Measurement of the Gd2C>2S:Eu Fluorescence Half Brightness Dose
using Various Ion Beams

William A, HoHgi-man, Daryush Ila, Jonathan H. Fisher, Lawrence R. Holland,
Gwyn M. Jenkins, Hossein Maleki and Robert L. Zimmerman
Alabama A&M University, Normal, Alabama 35762, U.S.A.

The usual goal for any ion beam modification effort is to significantly change a
selected material property, such as conductivity, resistivity, or strength, to make
it more useful for a chosen application. In general however, the interaction of
ions with materials causes undesired damage is some proportion to the incident
fluence or dose. This bombardment usually results in a degradation of physical
material properties. Since 1989, the authors have been studying degradation of
visible light output from a selection of yttrium and gadolinium fluors due to 3
MeV and 45 MeV proton bombardment. The main goal of these measurements
was to determine the proton dose required to reduce the relative fluorescence
light output to half its original value. This quantity is defined as the half
brightness dose. In the fall of 1994, an additional series of ion beam
measurements was completed to determine the half brightness dose for
gadolinium oxysulfide doped with europium (Gd2O2S:Eu) when irradiated with a
beam of 1.5 MeV hydrogen, helium, and nitrogen ions. The target fluor paint
contained approximately 30% Gd2C>2S:Eu and 70% polysiloxane (glass resin
flake) by mass. A selected target substrate was sprayed with the paint mixture
to achieve a uniform thickness; it was be subsequently heated at 16C r 3 to
crosslink the polymer. The Gd2C>2S:Eu fluor glows bright orange when irradiated
with an ion beam. Results from this experiment indicate that Gd2O2S:Eu has the
potential to be used as the active element in an accelerator-based beam
positioning or alignment system.
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Incorporation and Stability of Erbium in the Aluminium Sublattice of Sapphire
by Ion Implantation

E. Alves1, M.F. da Silva , G. van den Hoven2, A. Polman2, A.A. Melo3 and J.C.
Soares3

iDepartamento de Fisica ICEN/INETI, Estrada National, 10 P-2685, Sacavem,
Portugal
2FOM - Institute for Atomic and Molecular Physics, Kruislaan 407,1098 SJ,
Amsterdam, the Netherlands
3Centro de Fisica Nuclear da Universidade de Lisboa, Av. Prof. Gama Pinto,
2 P-1699, Lisboa, Portugal

The lattice site location of Er implanted in a - AI2O3 was studied using the
Rutherford backscattering/channeling technique. The Er ions were implanted
into c-cut samples at room and liquid nitrogen temperatures at 800 keV to
fluences between 1014 and 1016 ions/cm2. While at the liquid nitrogen
temperature the fluence of 1014 cnr2 is enough to amorphize the AI2O3
crystals, a fluence higher than 10*6 cnr2 is needed to prepare an amorphous
layer at room temperature. The annealing of the damage presents two
characteristic behaviours: first a narrowing of the Er profile for annealing
temperatures higher than 850 °C in the room implanted samples indicating
that Er precipitates; at temperatures of the order of 1400 °C the Er
concentration at the surface increases as a result of segregation during
recrystallization of the amorphous layer. The as implanted sapphire (3xlO14

cnr2 at room temperature) shows a maximum substitutional fraction of Er in
the aluminium sublattice of around 70%. Further studies are in progress to
optimize the incorporation of Er by controlling the annealing parameters and
the temperature of the substrate during implantation.



07.095
AU9716416

Correlation of Size and Photoluminescence for Ion-Implanted Ge Nanocxystals
in SiO2: Implications for Luminescence Mechanisms

H.A. Atwater1. K.V. Shcheglov1, CM. Yang1, A. Polman2 and M.
Brongersma2

iCalifornia Institute of Technology, Pasadena CA, 91125, U.S.A.
2FOM Institute for Atomic and Molecular Physics, Kruislaan 407, 1098 SJ
Amsterdam, the Netherlands

Synthesis and size-dependent photoluminescence has been performed for Ge
nanocrystals in SiC>2 matrices with narrow size distributions and average
diameters between 2 nm and 9 nm, formed by room temperature ion
implantation into SiC>2 followed by precipitation during vacuum thermal
anneals. Nanocrystal size distributions obtained from high-resolution electron
microscopy were used in conjunction with a two-level quantum-confined
exciton model to generate quantitative predictions of photoluminescence
spectral features, which were compared with experimental spectra.
Agreement between calculated and observed spectra could be obtained when:
(i) the nonradiative and radiative carrier recombination rates were
approximately equal for sizes corresponding to visible emission at 700 nm, (ii)
the spatial extent of the nanocrystal confinement potential is assumed to be
slightly smaller than the measured size of the nanocrystal, and (iii)
coalescence of individual nanocrystals during nucleation produces confined
electronic states equivalent to a single nanocrystal of large volume.
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Formation of Metallic Colloids in Silica by High-Energy Ion-Beam
Mixing

J. -C. Dran1. F. Garrido1.2, A. Miotello3, L.
iCSNSM, IN2P3-CNRS, 91405, Orsay Campus, Orsay, France
2INFN Laboratori Nazionali di Legnaro, 35020, Legnaro (PD), Italy
3Dipartimento di Fisica Universita di Trento, Povo Trento, Italy

Metallic clusters imbedded in silica provide interesting optical properties with
potential applications to non linear optics and optoelectronics. Generation of
such clusters by direct ion implantation has been extensively investigated but
suffers the inherent limitations of ion implantation in terms of amount of
incorporated metal and thickness of altered material. High-energy ion beam
mixing has been implemented to overcome these drawbacks. Multilayered silica-
silver systems consisting of alternate layers of 100 nm of silica and 10 nm of
silver, were bombarded at room temperature with 4.5-MeV Au ions with doses
increasing up to 1016 ions/cm2. In-situ RBS analysis with 2.4-MeV He ions was
performed after each irradiation step to measure the extent of mixing. Optical
measurements show evidence of the formation of silver clusters up to a depth
largely exceeding that obtainable by ion implantation.
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Room-Temperature Visible Electroluminescent Nanocrystal Ge Device
Formed by Ion Implantation

K.V. Shcheglov, CM. Yang and H.A. Atwater
California Institute of Technology, Pasadena CA, 91125, U.S.A.

Electroluminescent devices were fabricated in SiC>2 films containing Ge
nanocrystals by ion implantation and precipitation during annealing at 900 °C,
and the visible room-temperature photoluminescence and
electroluminescence were found to exhibit similar broad visible luminescence
spectral features. The devices utilize a pin structure with a p+ polysilicon
emitter, an n+ base, and an intrinsic region of Ge-implanted SiC>2, which is
annealed to precipitate Ge nanocrystals with uniform density in the oxide.
Cross-sectional transmission electron microscopy reveals some end of range
defects and a GexSii_x layer near the bottom Si-SiO2 interface. The
electroluminescent devices have an onset for emission in reverse bias of
approximately -10V, and are stable for periods of hours. The mechanisms for
electronic transport via extended state avalanche breakdown and localized
state phonon-assisted tunneling will be discussed. Significantly, these devices
were fabricated using only tools, process temperatures and procedures similar
to those found in present ULSI semiconductor fabrication facilities. Potential
applications of these devices in high-resolution flat panel electroluminescent
displays is also discussed.
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Photorefractive Waveguides Produced by Ion Implantation of Fused
Silica

J.L. Brebner1. M. Verhaegen1, L.B. Allard1, M. Essid1 and J. Albert2

iGroupe des Couches Minces, University de Montreal, Montreal, Canada, H3C
3J7
2Communications Research Centre, Ottawa, Canada, K2H 8S2

Optical waveguides approximately 4 [im thick are formed near the surface of
synthetic fused silica plates by silicon ion implantation at 5 MeV. The refractive
index profile of the guide is closely related to the damage and compaction
induced by the implantation. The index change at visible wavelengths is of the
order of 1%. The waveguides are photorefractive due to the presence of colour
centres at 244 and 212 nm created during implantation and which can be
bleached by illumination from excimer lasers. An increase in absorption,
additional to that of the colour centres, appears at 190 nm. The optical
absorption, refractive index changes and photoluminescence associated with the
colour centres have been measured as a function of laser fluence for samples
implanted with doses ranging from 1013 to 1017 ions cm2. Comparison is made
between the results obtained by irradiation with excimer laser light of 193 and
248 ran. Preliminary results indicate that the 193 nm light is more efficient at
bleaching the absorption produced by implantation than that at 248 nm.



07.099
AU9716420

Fabrication of Buried Channel Waveguides using Focussed MeV Proton
Irradiation

A. Roberts. M.L. von Bibra and J. N. Walford
School of Physics, University of Melbourne, Parkville, Victoria, 3052

It has long been known that planar optical waveguides can be fabricated by
irradiating various dielectric materials with protons. In this paper we report
recent work on the fabrication and characterisation of buried channel optical
waveguides fabricated using focussed MeV proton implantation. The use of a
focussed beam eliminates the need for a mask and, with a combination of
beam and sample scanning, offers the potential of direct write implanted
waveguides and waveguide devices. We describe the fabrication of single-mode
and multi-mode waveguides in fused silica using different current and
beam-shape parameters. We also describe the reconstruction of the refractive
index profile of these waveguides using precise maps of the modal intensity
distribution. This has been performed using conventional 'near-field'
techniques and also using Scanning Near-field Optical Microscopy. The latter
technique is capable of providing intensity maps with a resolution of better
than 100 nm. Since the mode field is generally a weak function of the refractive
index profile, such precision is invaluable.
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Photorefractive Nature of Ion-Implanted S1O2 and SiO2: Ge Glasses

H. Hosono1. K. Kawamura1, S. Fujitsu2 and H. Kawazoe1

1Tokyo Institute of Technology, Research Laboratory of Engineering Materials,
Nagatsuta, Midori-ku, Yokohama 227, Japan
2Shonan Institute of Technology, Tsujido, Fujisawa 251, Japan

Photoinduced refractive index gratings encoded in SiO2 : Ge glass fibers have
attracted attention because of various applications such as in-fiber mirrors
and fiber sensors. In 1992 we reported a model (Phys. Rev. B) that
photochemical conversion of a neutral oxygen-vacancy coordinated by 2 Ge4+

ions (NOMV) into Ge E' center is the structural origin of the uv-induced
refractive index changes. According to this model, enhancement of the NOMV
concentrations should result in increase in the encoding efficiency. In this
paper we show that ion implantation is quite powerful technique to drastically
enhance the concentrations of the NOMV in SiO2 : Ge and even in Ge-free S1O2
glasses. Intensities of uv-bleachable 5 eV band due to NOMV in implanted SiO2
: Ge were increased by 2 orders of magnitude than the substrate before
implantation of implants with electropositive nature. It is also shown that sign
of photorefractive index changes is controllable by choosing implants.



0 7 1 0 1 AU9716422
Waveguides Fabricated in Fused Silica by Germanium Ion Implantation

Patrick W. Leech1. Peter C. Kemeny1, Marcella Faith1, Mark C. Ridgway2 and
Robert G. Elliman2

iTelecom Research Laboratories, Clayton, Victoria, 3168, Australia
2Australian National University, Canberra, ACT, 0200, Australia

Ion implantation of silica glass is known to produce a surface layer of
increased refractive index which can act as the core of an optical waveguide.
We have demonstrated, for the first time, the fabrication of Ge implanted
waveguides in fused silica. The use of MeV Ge ions may induce doping effects
in addition to those of ion damage. The waveguides were formed in synthetic
fused silica by implantation with 5 MeV Ge3+ ions. TRIM simulations have
shown that this treatment created a layer of maximum concentration at a
depth of ~3 fim. An increase in the refractive index in the implanted layer of
0.016-0.017 was measured by prism coupling. The induced change in index
was independent of dose in the 1 x 1014 to 1 x 1016 ions/cm2 range. Both rib and
channel waveguides have been fabricated using implantation at doses of
between 1 x 1014 ions/cm2 and 1 x 1016 ions/cm2. The fabrication of the channel
waveguides has required the development of a photolithographic process for
the definition of fine lines in the 4 um thick masking layers of Au. The value of
attenuation loss (a) for as-implanted rib waveguides was -7.3 dB/cm with a
coupling loss of 0.8 dB/facet at a wavelength of 1.3 |im. The effects of annealing
and other processing variables on the properties of the waveguides have also
been evaluated.
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The Influence of Proton Radiation on Optical Properties of the Quartz
Glasses

SiS._SjjlaniQyg and E.M. Gasanov
Institute of Nucler Physics, p.Ulugbek, 702132 Tashkent, Uzbekistan

Optical absorbtion and luminescence of the quartz glasses irradiated by proton
beams with energies from 10 to 20 MeV and fluences from 1011 to lO1^ cm~2 and
role of ionisation energy losses and elastic collisions in radiation-induced defect
formation along the proton track and at the different proton energies were
studied. Formation of the color and luminescence centers by means of recharge
of the initial defects due to the ionisation energy losses prevails at the proton
energies Ep > 15 MeV and in samples with a thickness less than the proton
track length. Lowering of the proton energy (Ep < 15 MeV) leads to prevalence of
the defect formation by means of the elastic collisions and the centers
transformation, due to substitution processes, dominating at the end of the
proton track. The generation of the [Si-O...Na Al] - centers absorbing at 550 nm
was shown to be due to the ionisation energy losses and its rate depends on the
proton energy. At energies of Ep > 15 MeV and in the samples with a thickness
less than the proton track length the formation of these centers prevails and
intensities of the absorbtion band at 550 nm and the thermoluminescence peak
at 360 °C and a band at 460 nm rise. The proton energy decrease leads to
reduction of these centers generation rate that apparently is due to an increase
in the effectiveness of substitution of Na+ ion by proton at the end of the proton
track and as a result the [Si - O..Na Al] - centers transform into the [Si - O - H
Al] - centers, not absorbing at 550 nm. Intensive generation of the E'-centers,
absorbing at 215 nm, both at the initial defects (prevailing at Ep > 15 MeV) and
at the new arising defects, due to the proton - oxygen elastic collisions at the end
of the proton track (prevailing atEp < 15 MeV) was established.
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Formation of Multilayer Waveguides in LiNbOa by MeV Light Ion
Bombardment*

E.K. Williams**1. D. Ha, S. Sarkisov1 and D.B. Poker2
Center for Irradiation of Materials, Alabama A&M University, P.O. Box 1447,
Normal, AL, 35762, U.S.A.
2Solid State Division, Oak Ridge National Laboratory*, Oak Ridge, TN, 37831,
U.S.A.
Using protons and alpha particles we have created regions of decreased
refractive index at the end of the ion's range in crystalline lithium niobate
which act as barrier regions to form multilayer, multimode planar optical
waveguides. The ion energy determines the depth and the fluence determines
the magnitude of index change. The energy of these ions was selected such
that the deepest barrier was formed by protons at 20 mm and intermediate
depth barriers were formed by alpha particles. We have created multilayer
waveguides by bombarding LiNbO3 crystals with protons having energies from
1.0 to 1.6 MeV and with alpha particles having energies from 1.5 to 3.0 MeV.
The optical characterization at 633 nm utilized both endfire coupling and direct
loss measurement techniques using a CCD camera. The induced refractive
index change and mode information were measured using prism coupling.
These waveguides are compared with waveguides created by keV and MeV
stoichiometric Ti and O implantation.

Supported in part by Center for Irradiation of Materials of Alabama A&M University
#Research is sponsored by the Division of Materials Sciences, U.S. Department of Energy,
under contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.
••Supported by Alabama DOE/EPSCoR Program
"The submitted manuscript has been authored by a contractor of the U.S. Government under
contract No DE-AC05-84OR21400. Accordingly, the U.S. Government retains a non-exclusive,
royalty-free license to publish or reproduce the published form of the contribution, or allow
others to do so, for U.S. Government purposes."
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Production of Buried Waveguides in PMMA by High Energy Ion Implantation

P.M. Ruck1. S. Brunner1, B. Knodler1, W.F.X. Frank2 and A. Schbsser2

iGesellschaft fur Schwerionenforschung mbH, PF 110552, 64220 Darmstadt,
Germany
2Forschungszentrum Telekom, Am Kavalleriesand 3, 64220 Darmstadt,
Germany

Optical waveguiding structures in PMMA were produced by irradiation with
ions in the dose range of 1010 to 1014 ions/cm2. Waveguides buried in various
depth of the bulk material were generated using ions with different energies
between 100 keV and 180 MeV. Optical devices such as Y-branches, couplers
and Mach-Zehnder interferometers were produced using ion irradiation
through a mask.

The refractive index and beam profile as well as the attenuation of the
waveguides were measured at different wavelength. These measured
properties of the waveguiding structures at different depth of the bulk material
will be discussed.
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Point Defects in MeV Ion-Implanted Silicon studied by Deep Level
Transient Spectroscopy

B.G. Svengson1. C. Jagadish2, J. Lalita1 and A. Hallen3

iRoyal Institute of Technology, Solid State Electronics, P.O. Box E229, S-16440
Kista-Stockholm, Sweden
2Electronic Materials Engineering, Research School of Physical Sciences and
Engineering, Australian National University, Canberra ACT 0200, Australia
•^Department of Radiation Sciences, Uppsala University, P.O. Box 535, S-751 21
Uppsala, Sweden
In this paper we review recent deep level transient spectroscopy (DLTS) work
on electrically active point defects in crystalline silicon implanted with low
doses (107- 1011 cm2) of H, B, C, O, Si, Ge and Sn ions using energies between
0.4 and 8.0 MeV. Different vacancy- and/or impurity-related defects like
vacancy-oxygen and divacancy centers are identified and they have been
studied in detail as a function of ion dose and dose rate, sample depth,
bombardment temperature, and ion mass. Comparison with Monte Carlo
simulations emphasizes a large influence of immediate recombination
between Si self-interstitials and vacancies; the measured total concentration of
stable defects amounts to only a few percent of the initial vacancy
concentration. The experimental data reveal a substantial defect diffusion even
below room temperature, and in particular, the surface is found to act as a
sink for migrating vacancies.
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Defects in Ion Implanted Si Probed with Positrons

Bent Nielsen1 and O.W. Holland2

1Brookhaven National Laboratory, Upton, NY, U.S.A.
2Oak Ridge National Laboratory, Oak Ridge, TN, U.S.A.

Positron beams provide a non-destructive, depth resolved, probe for open
volume defects from atomic size to microvoids. The technique has proven to
provide a powerful tool in the study of defects in Si. Defects produced by a
variety of ions (H, F, O, Si, Ge, As and Sn) implanted in Si have been studied
for various implantation conditions. The results indicate that at low dose
stable defects are predominantly formed along the track produced by the
individually implanted ions, at room as well as at elevated temperature.
Information on small vacancy clusters is intriguing. They are observed in
high concentrations after annealing above 200 °C or at implantations above
this temperature and are apparently not readily observed by other techniques.
It is shown that their presence are correlated to stress and that they
apparently play a key role in the formation of dislocations in high temperature,
high dose implantations.

Work supported by U.S. Department of Energy, Division of Material Science, Office of Basic
Energy Sciences, under contract No. DE-AC02-76CH00016 with Brookhaven National
Laboratory and contract No. AC05-84-OR21400 with Martin Marietta Energy' Systems, Inc.
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Defect Levels in H+ and He+ Bombarded Gallium Arsenide

T..Schmidt and L. Palmetshofer
Institut fur Experimentalphysik, Johannes-Kepler-Universitat, A-4040 Linz,
Austria

The implantation of GaAs with light ions is a convenient technique used in
GaAs device technology to insulate active regions between neighboring devices.
In this work, deep level centers in GaAs implanted with light ions (H+, He+)
and their annealing behavior were studied by a variety of experimental
techniques such as photoluminescence, DLTS, DDLTS and CV carrier
profiling in order to gain a better understanding of the compensation
mechanisms leading to the capture of free carriers. Five different electron
traps with energy positions between 0.13 - 0.75 eV are detected, among them
the famous EL2 defect. Combined DLTS and photoluminescence annealing
studies revealed a strong correlation of a not yet identified defect level at 0.67
eV with the well known donor - carbon acceptor recombination line observed in
photoluminescence spectra at 1.4900 eV. We tentatively ascribe this defect to a
complex involving the As vacancy and a C impurity.

From the evaluated defect production and carrier trapping yields and their
annealing behavior we conclude that each of the observed traps efficiently
contributes to the trapping of free carriers. The EL2 defect is created in too low
concentrations in order to significantly account for the removal of free
carriers.
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Role of Defects during Amorphization and Relaxation Processes in Si

T....M.QtoQka1- Y. Hiroyama1, R. Suzuki2, T. Ohdaira2, Y. Hirano3 and F. Sato3

iDept. of Materials Sci. and Eng., Kyushu University, Fukuoka 812, Japan
2Electrotechnical Laboratory, Tsukuba, Ibaraki 305, Japan
3NHK Science and Technical Research Laboratories, Tokyo 157, Japan

We have investigated roles of defects during ion-beam-induced amorphization
and structural relaxation processes in Si using Raman spectroscopy and
positron lifetime measurements combined with computer simulations. A
model for amorphization processes in ion implanted Si has been developed, in
which a divacancy and diinterstitial (D-D) pair introduced in the crystalline Si
lattice give rise to a local atomic arrangement including five- and seven-
membered rings. Based on the model, radial distribution functions, bond angle
distribution, and phonon densities of states were calculated as a function of the
number of the D-D pairs and it was found that complete amorphization starts
to occur when the number of the D-D pair per atom exceeds -0.2 or
approximately 2 D-D pairs are formed in the fee cubic lattice. From Raman
spectra and positron lifetime analysis, bond angle deviation A8 and sizes of
vacancy-type defects were estimated for ion-beam-induced a-Si (IBa-Si) and
ECR plasma CVD a-Si (ECRa-Si). During 450 °C annealing, A6 decreased
appreciably and only small vacancies with a size less than that of the
divacancy were observed in IBa-Si, while in ECRa-Si large vacancy clusters
were formed and A6 was approximately constant indicating that relaxation
processes are suppressed in ECRa-Si. These results suggest that large
vacancy-type defects can stabilize amorphous structures. Structural stability of
a-Si including various vacancy-type defects is currently analyzed using a
molecular-dynamics simulation.
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Observation of Damage in Low-dose Ion Implanted Silicon by TEM in
Conjunction with the Copper Decoration Technique

Masahito Watanabe. Mitsuhiro Horikawa and Tomohisa Kitano
ULSI Device Development Laboratories, NEC Corporation, 1120 Shimokuzawa,
Sagamihara 229, Japan.

The leakage current of a p-n junction diode formed by ion implantation with
low dose is not sufficiently suppressed after thermal annealing. However,
damage layers in the diode have not been observed with TEM. The present
study shows that damage in a Si wafer implanted with 300 KeV B+ ions and a
dose of less than 4E14 cm2 can be observed by TEM in conjunction with the Cu
decoration technique. This technique can sensitively detect the minute
damage layer in the wafer, because Cu easily precipitates at strain fields and
enhances the virgin strain field. Cu precipitates are observed in the wafer
annealed below 1000 °C. This means that damage still remains. These results
suggest that residual damage observed with this technique causes the excess
leakage current.
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Ion Damage and Diffusion in Si

P,sL E^glesham. P.A. Stolk, H.-J. Gossmann, M. Jaraiz, G. Gilmer and J.M.
Poate
AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, NJ07974, U.S.A.

Ion damage in Si causes one of the critical issues of current Si technology:
transient enhanced diffusion, or TED, of implanted dopants. Although this
problem has been extensively studied, the phenomenon was only qualitatively
understood until recently. In the non-amorphising regime, we show that TED
is caused by the emission of Si self-interstitials from a specific class of defects,
"{311)" or "rod-like" defects, consisting of single planes of hexagonal Si. Using
measurements of {311}'s, we quantify the damage driving TED as a function of
dose, and discuss the validity of the "+1" interstitial model in terms of our
experiments and Monte Carlo simulations of point defect generation,
diffusion, clustering and annihliation We also measure the effects of
impurities such as B, P, 0 and C. This allows us to show which impurities are
traps for interstitials, and how efficient the different traps are. We relate these
measurements to data on interstitial diffusion in the presence of traps. We
then identify the critical traps for different experimental conditions, to solve
the long-standing problem of the self-interstitial diffusivity.
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A Study of Evolution of Type II (end of range) Dislocation Annealing Kinetics
in Si+ Implanted Si

J. Liu, R. Thompson and K.g, Jones
Department of Materials Science & Engineering, University of Florida,
Gainesville, FL 32611-2066, U.S.A.

In an effort to extend our ability to model dopant diffusion in ion implanted
silicon, it is necessary to account for the effect of dislocation loops on the point
defect concentration. This requires a basic knowledge of how implantation
induced dislocation loops evolve under inert conditions through the growth,
coarsening and dissolution stages. It also requires a knowledge of how the
strain field associated with the dislocation loops evolves upon annealing. In
order to investigate this, a combination of TEM and high resolution x-ray
diffraction has been used to study the annealing kinetics of type II (end of
range) dislocation loops for Si+ implanted Si. 50 keV Si+ implants at a dose of
lx lO 1 5 cm"2 have been done into <100> Si. The samples were subsequently
capped with a CVD oxide to reduce any possibility of oxidation. Annealing
studies from 15 minutes to 16 hours were done at temperatures between 700 °C
and 1000 °C. The loop density and loop size distribution as well as trapped
interstitial concentration was measured using plan-view TEM. The results
show that the loop growth rate is a constant at each temperature. It is shown
that the growth of the loops can be modeled by a diffusion limited growth
mechanism, but not by a glide/self climb mechanism. The activation energy
for loop growth was determined to be 1.0 eV ± 0.2 eV consistent with the rate
limiting step being the diffusion of self-interstitials supersaturation. In
addition, it is possible to determine the relative interstitial concentration
necessary to stabilize the loops at each temperature and a single curve is
developed for the loops at all temperatures. The loop size distribution changes
have also been modeled, and the results of this modeling as inserted into the
process simulator FLOOPS is presented. Finally, the correlation between the
evolution of the loops, from TEM studies with the evaluation of the compressive
strain field as measured by HRXRD measurements, will be presented.

Research sponsored by SEMATECH and IBM Corporation.
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Secondary Defect Formation in Self-Ion Irradiated Silicon

g1Dt.,.GQldbergi. T.W. Simpson*, I.V. Mitchell1, P.J. Simpson*, G. Weatherly2
and M. Prikryl2

iDepartment of Physics, The University of Western Ontario, London, Ontario,
Canada, N6A 3K7
2Department of Materials Engineering and Metallurgy, McMaster University,
Hamilton, Ontario, Canada, L8S 4M1

Results of recent investigations have prompted us to make a detailed
experimental study of the evolution of extended/secondary defects which form
during rapid thermal anneals of 0.5 MeV energy self-ion irradiated n- and p-type
silicon. Implant conditions (flux, fluence, temperature) were chosen so that
primary damage levels were well below saturation. TEM, RBS-C and positron
annihilation techniques have been used to allow partial discrimination between
vacancy- and interstitial type defects.

The growth/development of the defect band and of specific types of extended
defects within the band has been followed up to anneal temperatures of 1000 °C
where they are shown to have dissipated. New information has been obtained
concerning the importance of dynamic annealing effects that occur at the time of
implant for the production of extended defects at lower anneal temperatures
(600 °C) and for defect morphology after higher temperature anneals (900 °C). A
previously unobserved vacancy-based defect structure, which forms and
dissipates within a relatively narrow range of anneal temperatures, has been
found within the defect band. In addition, positron annihilation analysis has
allowed for the first time an assessment of the role played by defects lying in
regions appearing defect free by other techniques. The implications of these new
findings to existing models involving secondary defect production will be
discussed.
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Dislocation Formation and B Transient Diffusion in C Co-Implanted Si

A. Cacciato and F.W. Saris
FOM Institute for Atomic and Molecular Physics, Kruislaan 407, 1098 SJ
Amsterdam, The Netherlands

Formation of extended defects and transient diffusion of dopants, like B, are
caused by the supersaturated population of Si self-interstitials created during
annealing of ion-implantation damage. Both may be avoided if supersaturation
of self-interstitials is reduced. For this purpose C co-implantation seems
promising. In the present work we study the effect of C by means of high
resolution X-ray diffraction, photoluminescence spectroscopy and
transmission electron microscopy. It is demonstrated that the absence of
dislocations in C co-implanted Si is caused by the formation of C-Si-interstitial
complexes in the implanted region. As a consequence, nucleation of
dislocations is suppressed. However, it is found that the effect of C is lost if C-
implanted samples are annealed at 900 °C before B implantation. B transient
diffusion in C co-implanted Si is also investigated. B and C concentration
profiles were measured by secondary ion mass spectrometry. It is found that B
transient diffusion is strongly reduced when C and B profiles overlap and the
C dose is about 1 times higher than the B dose. Also in this case, formation of
C-related agglomerates is observed by photoluminescence spectroscopy. Again
it is found that the effect of C on B transient diffusion becomes negligible if a
900 °C anneal for 1 minutes is performed before the B implantation. This is
consistent with the idea that the formation of C-Si clusters is responsible for
both the effects of C to reduce transient diffusion and dislocation formation.
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'Transient' Diffusion of Dopant in Preamorphised Si: the Role of EOR Defects

A. Claverie1. A. Martinez2, L. Laanab1, C. Bonafos1, C. Bergaud2 and D.
Mathiot3

iCEMES-LOE/CNRS, 29 rue J.Marvig, BP 4347, 31055 Toulouse Ce"dex, France
2LAAS/CNRS, 7 avenue du colonel Roche, 31077 Toulouse Ce"dex, France
3CNET (France Telecom), BP 98, 38243 Meylan C6dex, France

In a recent series of articles we have shown that the characteristics of boron
diffusion in preamorphised silicon is due to the interactions of the End-Of-
Range defects with the boron atoms. A good knowledge of these defects was
shown to be a prerequisite condition for the correct understanding of these
phenomena. EOR defects are extrinsic (and faulted) dislocations loops, i.e.,
reservoirs of Si self interstitials stored in an extra (111) planes surrounded by
dislocations. Hence, upon annealing two competiting phenomena take place :
1) boron trapping on the loops that act as gettering centers and 2) enhanced
diffusivity due to the supersaturation of self-interstitials in the vicinity of the
defects. In this paper, we demonstrate that the kinetical behaviour of the EOR
defects upon annealing is responsible for the time-dependence of these
phenomena (so-called "transient" diffusion). Indeed, upon annealing EOR
defects reduce in density while they increase in size through the emission and
capture of self-interstitials. In the mean time, an important amount of self-
interstitials suceeds in escaping the defective zone. As a result, both boron
trapping and enhanced diffusivity decrease with time but with different time
decays. First principles for the physical modeling of the interactions between
EOR defects and dopant are presented and discussed.
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Point Defect Dynamics in Ion Irradiated Crystalline Si

A. Battaglia1, F. Priolo1. S. Coffa2, V. Privitera2 and S. Libertino1

iDipartimento di Fisica, Universita di Catania, Corso Italia 57, 195129
Catania, Italy
2CNR-IMETEM, Stradale Primosole 50,195125, Catania, Italy

In situ conductivity measurements have been used as a sensitive probe for the
defect accumulation in crystalline silicon during ion bombardment and in the
early stages of the dynamical evolution following the irradiation. The
conductivity values of the crystalline layer suddenly decreases as soon as the
beam is turned on as a result of dopant compensation induced by the deep lying
states introduced in the band gap by defect complexes such as divacancies.
When full dopant compensation is achieved the conductivity reaches the
characteristic value of an intrinsic crystalline silicon and then increases
again due to an overcompensation effect. These phenomena can be modelled by
solving the charge balance equation for different values of the total electrically
active defect concentration. From these calculations we can extract, directly
from the conductivity measurements, the concentration of ion generated
defects as a function of the ion fluence and their evolution following
irradiation. In particular, the effect of the substrate temperature on the defect
accumulation dynamics have been investigated in details together with the
defect evolution upon annealing at different temperatures (77-500 K) after
bombardment. In order to investigate the defect distribution in ion irradiated
crystalline silicon, ex-situ analyses (Spreading Resistance and Deep Levels
Transient Spectroscopy) have been also performed on samples irradiated at
different ion fluences helping in identifing the levels introduced by the defects
in the band gap and in determining their depth distribution.
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Vacancy Related Defect Profiles in MeV Cluster-Ion Irradiated Silicon

A. Hall&il. P. Hakansson1, N. Keskitalo1, J. Olsson2, S. Della-Negra3 and Y. Le
Beyec3

iDept. of Radiation Sciences, P.O. Box 535 Uppsala University, S-75121
Uppsala, Sweden
2Dept. of Electronics, P.O. Box 534 Uppsala University, S-75121 Uppsala,
Sweden
Inst. de Physique Nucleair, 91406 Orsay Cedex, France

Silicon samples have been irradiated with cluster ions, 16.2 MeV Au4 and 18
MeV C60> from the Orsay tandem accelerator in France. After the irradiation,
Schottky diodes are formed and the samples are studied with deep level
transient spectroscopy. Majority carrier spectra of bombarded n-type silicon are
dominated by the single charge state of the divacancy (EC-ET = 0.42 eV).
Measured depth distributions of the divacancy suggest that the peak of elastic
energy deposition appears at the same depth for Au4-ions as for monoatomic gold
ions with 1/4 of the energy. Comparison with TRIM simulated vacancy
distributions shows that the deep tail of the divacancy defect distribution is
extended to greater depths. The interpretation is that divacancies are not only
created in direct collisions, but after diffusion and pairing of two vacancies, as
well. The first part of the defect distribution, extending towards the surface, is
strongly reduced due to vacancies moving to the surface, which acts as a perfect
sink.
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DLTS Study of Deep Penetrating Defects in Si after Hot Ion Bombardment

I.V. Antonova. G.A. Kachurin, I.E. Tyschenko and S.S. Shaimeev
Institute of Semiconductor Physics, 630090 Novosibirsk, Russia

Phosphorus doped Cz-Si, n~9 x 1014 cm3 has been implanted with 60-135 keV
Ne + , Ar+ and Xe+ ions within the dose range of 1012-1015 cm 2 at target
temperatures T=600-1000 °C. DLTS measurements provided the control of the
deep level centers from the depth of 1 urn to 3 Jim that is far below the projected
ranges Rp of the ions. The dependences of deep level energy, distribution,
structure and carrier capture cross-sections on ion mass, dose and T have
been investigated. Three specific regions for T have been found. For T<800 °C
the single peak Ec-0.31 eV is observed with the capture cross-sections being
several orders smaller that the cross-section of emission. For T=800-900 °C the
DLTS spectra are dominated by peaks 0.31 eV and 0.50 eV below the conduction
band edge. For T=1000 °C silicon was found to be free of deep levels. Within
T=800-900 °C the defect penetration depth shortens with the growing ion mass
and the concentration of levels decreases with the increase in T. Rather weak
sublinear dose dependence was observed for the defect accumulation. The
obtained results are discussed in terms of small dislocation loops formation
when T>800 °C. Computer simulation and numerical evaluations are made
concerning the penetration and accumulation of mobile point defects far below
Rp during hot ion implantation.
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Passive Damage Detection of Boron and Arsenic Implanted Silicon

J. Lowell1-2, M. Anium3'*. V. Wenner1, M. Kyaw1, A. Stuber1, and S.
Cherekdjian4

iAdvanced Micro Devices, 5204 E. Ben White Blvd., Austin, TX 78741, U.S.A.
2NSF Science & Technology Center, Univ. of Texas, Austin, TX 78712, U.S.A.
3Sematech, 2706 Montopolis Drive, Austin, TX 78741, U.S.A.
*M. Anjum is an assignee from Advanced Micro Devices, Austin, TX, U.S.A.
4Implant Center, 643 River Oaks Parkway, San Jose, CA 95134, U.S.A.

In this paper we report on the application of optical surface photovoltage (SPV)
to both quantify and qualify amorphous layers and/or lattice damage due to ion
implantation into CZ P-type <100> silicon. SPV is primarily a method to
passively determine minority carrier diffusion length from the spectral
dependence of a surface photovoltage on the optical penetration depth. The
standard sum of squares or the R factor has a value >0.98 for unimplanted
material and decreases in the presence of lattice damage. The values of R are
seen to return to those of virgin silicon after an annealing step has been
performed.

Boron was implanted with energies ranging from 5 keV to 40 keV and doses
varying from 4xlO13 to lxlO16 ions/cm2. The arsenic was implanted with
energies ranging from 10 keV to 40 keV and doses ranging from lxlO13 to
lxlO15 ions/cm2.
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Silicon Implanted with MeV 12C and 16O Ions; Temperature Dependence
of Defect Formation at Low Doses

J. Lalita1. C. Jagadish2 and B.G. Svensson1

1 Royal Institute of Technology, Solid State Electronics, P.O. Box E229, S-164 40
Kista-Stockholm, Sweden
2Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, The Australian National University, Canberra, ACT
0200, Australia

Si(100) samples of n-type have been implanted with 3.6 MeV 12C ions or 4.6 MeV
1̂ 0 ions using doses smaller than 10? cm"2 to 5x10^ cm*2. During implantation
the samples were kept at temperatures ranging from -90 °C to 400 °C, and
subsequently, Deep Level Transient Spectroscopy (DLTS) was used for
characterisation of the samples. For implantation temperatures below 300 °C the
DLTS spectra are dominated by the levels normally associated with vacancy-
oxygen centre and the divacancy. The generated concentration of the divacancies
per unit dose stays constant between 0 °C and -200 °C while both at lower and
higher temperatures the generation rate decreases. Above 300 °C the divacancy
ceases to be stable and new energy levels appear. In particular, for doses below
107 cm2 at 400 °C a new dominating peak emerges close to the middle of the
band gap (~ 0.57 eV below the conduction band, Ec). The identity of Ec-0.57 eV
level is not known but its concentration saturates at higher doses (> 108 cm'2)
where the vacancy-oxygen centre becomes the dominating defect.
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Atomic Hydrogen Passivation of Ion Implantation Damage at Si-SiC>2
Interfaces

S. Karl a n d S. Ashok2

1 Indian Institute of Technology, Kanpur -208 016, India
2The Pennsylvania State University, University Park, PA 16802, U.S.A.

This investigation examines how low-energy (<0.5 keV) atomic hydrogen
interacts at room temperature with traps located in the thin oxide, at the
interface and in the bulk Si to passivate, depassivate or generate new defects in
ion-irradiated MOS structures. Oxidized (11.5 nm) Si wafers were implanted
with 16 keV Si ions (dose range 1012 - 1015 cm2) to create displacement
damage, prior to hydrogenation. Admittance-bias-frequency measurements of
MOS capacitors show effective passivation of traps in the oxide as manifested
by reduction of leakage current, removal of hysterisis effect, and modification
of dielectric constant, all caused by the prior Si ion implant damage. In
contrast to this near room-temperature passivation of defects by atomic
hydrogen, H2 anneal at 450 °C is ineffective in restoring the MOS properties.
The passivation of traps in the interfacial region is disclosed by large-scale
reduction (over an order of magnitude) in the state density and increase (over
two orders of magnitude) in capture cross-section. The results also indicate
that traps are generated in the bulk silicon due to depassivation or formation of
new hydrogen-defect complexes. The density of traps in the hydrogenated
samples is on the order of 1012 cm^eV"1 with a characteristic energy -0.35 eV
below Ec. Our results are of importance in assessing passivation/activation of
defects by atomic hydrogen, low temperature techniques for defect
neutralization and the nature of ion irradiation damage.
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Anomalous Surface Damage Production during High Energy Implantation
Analysed by Ellipsometry and RBS

T. Lohner1, M.A. El-Sherbinny1.*, N.Q. Khanh1, M. Fried1, H. Wormeester2

and J. Gyulai1

iResearch Institute for Materials Science, P.O.B. 49, H-1525 Budapest,
Hungary
2Faculty of Applied Physics, University of Twente, P.O.B. 217, 7500 AE
Enschede, The Netherlands
*On leave from Faculty of Science, Al-Azhar University, Cairo, Egypt

The anomalous surface formed in silicon by room temperature Si, Ar and Kr
implantation has been examined using a multilayer optical model. This
unexpected disorder is far from the projected range and it is not predicted by
TRIM calculation. Ion implantations were performed in the range of 200 - 800
keV. For the analysis of ellipsometric data we used the method of assuming an
optical model, applying effective medium approximation and fitting the model
parameters (layer thicknesses and volume fractions of amorphous silicon
component in the layers) by linear regression. The dependence of the thickness
of the damaged surface layer on the implantation parameters was determined.
A comparison was made between spectroscopic ellipsometry and multiple-
angle-of-incidence single wavelength ellipsometry to check their capability to
investigate surface damage. The optical model construction was independently
checked by Rutherford Backscattering Spectrometry. A tentative model is
outlined explaining the formation of anomalous surface disorder.
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Analysis of Defect Profiles in Ion Beam Modified Materials*

Vinita J. Ghosh. Bent Nielsen, and K.G. Lynn
Brookhaven National Laboratory, Upton, New York 11973, U.S.A.

A variable energy positron beam is used to study the distribution of secondary
defects in ion beam modified materials. Positrons are implanted at different
depths by varying the energy of the positron beam and the Doppler broadening
of the annihilation radiation (DBAR) is measured. The DBAR spectrum reflects
the momentum distribution of the annihilating electrons, and therefore yields
site-specific information. By using a coincidence technqiue [1] one can obtain
impurity-defect information not available by the standard DBAE, method. Since
positrons localize at open-volume defects like vacancies, microvoids, and
vacancy-defect complexes, DBAR provides depth-resolved distributions of these
types of defects. The analysis of DBAR experiments is done in two parts. Part 1
is the simulation of positron thermalization or implantation. Part 2 is the
analysis of the diffusion and the subsequent annihilation of the positrons. An
update on the status of the analysis procedures will be provided. New results on
ion implanted metals and semiconductors will be discussed.

[1] K.G. Lynn and A.N. Goland, Sol. St. Commun. 18, 1549 (1976).

Work was supported by the U.S. Department of Energy, Div. of Materials Sciences, Office of
Basic Energy Sciences under Contract No. DE-AC02-76CH00016.
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Defect Production in Silicon Implanted with 118 MeV Xe Ions

W.R. Fahrner1. N.M. Kasyutchits2, A.A. Melnikov2, Varichenko2, A.M.
Zaitsev1'2

!LG Bauelemente der Elektrotechnik, Fern Universitat Hagen, Haldener Str.
182, 58084 Hagen, Germany
2University of Minsk, 220080 Belarus
3Hahn-Meitner Institute, Berlin, Germany

Silicon samples implanted with 118 MeV Xe ions of doses 1013 to 2.8xlO16 cm'2
have been investigated by depth resolved spreading resistance and optical
reflectivity methods.

The projected range of 118 MeV Xe ions in silicon is measured experimentally
as 15 urn (the TRIM-90 simulation value is 12.4 |im). Peculiarities of
accumulation of the radiation damage over the irradiated layer and the
formation of a buried amorphous layer with dose increase are studied.
Complete amorphization of the whole irradiated layer down to a depth of 18 um
is observed at the highest dose used (2.8xlO16 cm2). Particular attention is paid
to the interfaces between the amorphous layer and the adjacent crystalline
areas. The interfaces reveal relatively high electrical conductivity, which is
tentatively ascribed to a hopping conductivity appearing in the highly damaged
but still crystalline silicon. The observed effect of the increased conductivity at
the border of the amorphous area in ion implanted silicon is discussed as to be
independent on ion species and determined mainly by a given concentration of
radiation defects.
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Amorphization of Silicon by Elevated Temperature Ion Irradiation

R.D. Goldberg*. J.S. Williams, and R.G. Elliman
Department of Electronic Materials Engineering, Australian National
University, Canberra, 0200, Australia
*Present Address: Department of Physics, The University of Western Ontario,
London, Ontario, Canada, N6A 3K7

Despite extensive studies into the amorphization of silicon by ion irradiation, a
detailed understanding of the mechanisms associated with the process is still
not available. This is especially true in the case of elevated temperature
irradiations where the increased levels of dynamic annealing can balance
defect production. By controlling the irradiating ion flux (defect production
rate), the temperature at which the amorphous layer first appears had been
determined for a specific fluence of ions, ranging in mass from 12 (C) to 131
amu (Xe), over a matrix of two orders in ion flux and 320 °C in temperature.
The apparent activation energies determined from the data span from 0.7 to 1.7
eV and increase as a function of ion mass and, consequently, temperature.
Previously interpreted as representing processes controlling the crystalline-to-
amorphous phase transition, these values will be discussed in terms of a two
stage nucleation-limited amorphization process. Results will be presented
which indicate that, in the regime where dynamic defect annealing is
significant, the amorphization process is initially limited by the availability of
nucleation sites, supplied by the stable extended defect structures produced by
defect accumulation and, subsequently, by the supply of simple defects to these
sites.
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Picosecond Time Resolved Beam Deflection and Reflectivity Study of Structural
Relaxation in Ion Implanted a-Si

O.B. Wright2, U. Zammit1. M. Marinelli1, F. Scudieri1 and V.E. Gusev3

1Dipartimento di Ingegneria Meccanica, 2° Universita di Roma "Tor Vergata"
- Via della Ricerca Scientifica - 00133, Rome, Italy
2C.N.R., Istituto di Acustica "0. M. Corbino" - Via Cassia 1216 - 00189, Rome,
Italy
international Laser Centre, Moscow State University, 119899 Moscow, Russia

Using an ultrafast optical pump and probe technique, we have studied the
changes occurring in an ion implanted amorphous Si on sapphire film due to
structural relaxation. Two different detection techniques, reflectance and
beam deflection, have been adopted. Reflectance measurements performed
over the picosecond to nanosecond time regime enabled quantitative
investigation of the film thermal properties as well as the carrier
recombination dynamics. The beam deflection measurements were used to
detect acoustic generation in the film.

We have developed models to predict the reflectance variations and acoustic
pulse profiles. Preliminary analysis of the reflectance data shows that
structural relaxation leads to larger values of thermal diffusivity, optical
absorption depth and recombination time. Beam deflection results show that
structural relaxation induces broadening of the generated acoustic pulse,
consistent with the model predictions.
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Amorphous Layer Formation at Room Temperature by Boron Implantation in
Silicon

Jinghong Shi1 '3. Ted Boden1, Lawrence A. Larson1, Joseph F. Kirchhoff2 and
Scott M. Baumann2

iSEMATECH, 2706 Montopolis Drive, Austin, TX 78741, U.S.A.
2Charles Evans & Associates, 301 Chesapeake Dr., Redwood City, CA 94063,
U.S.A.
3On assignment from Texas Instruments Inc.

It has been found that a sufficiently high flux (350 uA/cm2) during room
temperature boron implantation produces a continuous amorphous layer1 in
single crystal silicon.

Ion implantation of 20 keV n B + into 200 mm wafers of <100> silicon at beam
currents from 1 mA to 7.2 mA was performed with a dose of 5xlO15 atoms/cm2.
This dose and dose rate is standard practice for p-type source/drain formation.
In-situ temperature measurements were performed at the low and the high
end of the beam current and showed little temperature increase during the
implants. Before a 900 °C, 20 sec. rapid thermal anneal process, thermawave
measurements were taken. Resistivity measurements were taken after the
RTP. Both RBS and TEM techniques were used to analyze the damage through
the beam current range.

It was found that Thermawave signal increased from 4000 to almost 21000,
while the resistivity decreased from 108 ohms/sq to 58 ohms/sq, with the
increase of beam current/flux. TEM cross section shows that all samples have
amorphous silicon present before anneal, with the degree of amorphization
increasing with the increase of beam current. No well defined transition point
was observed at which a continuous layer of amorphous Si was formed. There
is no sign of any crystallites in the amorphized region (600 A) for the 7.2 mA
implant.

The depth of damage is consistent with both XTEM and RBS techniques. The
depth of damage increases from 400 A with the 2 mA implant to 600 A with the
7.2 mA implant. The defect levels after the 900 °C rapid thermal processing
have been reduced with the increase of the beam current.

[1] R. Simonton, J. Shi, T. Boden, P. Maillot and L. Larson, Mat. Res. Soc.
Symp. Proc. Vol. 316. pl53.
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Ultra High Dose Silicon Implanted Silicon

J.C. McCallum and J.S. Williams
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, The Australian National University, Canberra,
ACT, 0020, Australia

The very high purity of beams produced by the 1.7 MV NEC ion implanter
allows the intrinsic characteristics and annealing behaviour of silicon
implanted silicon to be studied in the ultra high dose regime around ~ 1x1018

cm2 . Such high doses cause substantial expansion of the implanted region
above the surrounding material. Rutherford backscattering spectrometry
measurements of Au markers buried below the implant region have been
combined with surface profilometry measurements of the surface expansion to
study the as-implanted layers. In all cases measured thus far, the degree of
surface expansion observed can be explained by the amount of extra silicon
added by implantation, allowing for the appropriate sputtering coefficient. The
crystallisation behaviour of the very-high dose implanted layers has been
studied and is found to depend very sensitively on the conditions which exist in
the implant chamber. These measurements are expected to yield information
which will be of major importance to the future development of high-dose
implantation processing of silicon.
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Radiation Effects of 20-100 keV Deuterium Ions in Silicon

Yoshihiro Tafifishi
Institute of Physics and Tandem Accelerator Center, University of Tsukuba,
Ibaraki 305, Japan

By detecting protons from the deuteron fusion reaction and partial pressure of
mass number 4, we made for the first time a real-time observation of an
intermittent eruption of deuterium gas from surfaces of the single-crystal Si, Ge,
and GaAs irradiated with 90-keV deuterium ions. As the result, ring-like craters
are formed on the implanted surfaces. The size of the ring-like craters depends
on the beam size on target. However, the critical dose C needed for the formation
of the first central crater did not depend upon the beam size and the C value was
(6±2)xlO7 ions/cm2. In order to investigate why the implanted deuterons erupt
intermittently with ring-like pattern, we examined the implanted surfaces after
annealing. Nothing can be seen on the irradiated surfaces after irradiation under
the critical dose. However, many small gas bubbles can be observed after the
targets are annealed at ~ 500 °C. The density of these bubbles should represent
the density of the irradiated deuterium atoms inside targets. It was found that
the implanted deuterium atoms made a collective motion and condensed to the
ring-like pattern.
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The Residual Electrically Active Damage in Si, Ge and Sn Implanted Silicon

P. Kringhfli*. Shabih Fatima, J.S. Williams and C. Jagadish
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra, ACT
0200, Australia
*Also at: Institute of Physics and Astronomy, University of Aarhus, DK-8000,
Aarhus C, Denmark

The residual damage in Si has been studied after implantation of Si, Ge and Sn
and annealing at elevated temperatures. The residual electrical and
structural damage has been measured with capacitance-voltage, deep level
transient spectroscopy and transmission electron microscopy. A correlation
between the observable structural damage and the electrically active defects
will be presented. A critical dose, below which no structural and electrically
active defects are found, is determined. This is characterised for different
implantation temperatures and therefore as a function of the initial damage
present after implantation. Also discussed is the critical dose as a function of
annealing parameters. The critical dose for the three elements for a given
annealing sequence is found to scale with the ion induced damage which
indicates that the initial number of displaced atoms/vacancies is the key
parameter for producing secondary defects during annealing. The observed
electrical compensation of background carriers is found to be a result of
neutral complexes and deep acceptors.
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Ion-Beam Induced Relaxation of Pseudomorphic GexSii-x Layers:
Microstructure and Thermal Stability

J.M. Glasko and E.G. Elliman
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra, ACT 0200,
Australia

The effects of elevated temperature irradiation and subsequent thermal
annealing on pseudomorphic GexSii.x/Si layers is examined. It is shown that
room temperature (RT) irradiation leads to increased strain in the alloy layers
whereas elevated temperature irradiation causes strain relaxation. Subsequent
thermal annealing of the irradiated layers reduces the beam-induced effect,
decreasing the strain in samples irradiated at RT and increasing it in samples
irradiated at elevated temperatures. The recovery of the initial strain state
during elevated temperature (700 °C) annealing implies that the strain
relaxation induced by elevated temperature irradiation is caused by defects
which can be subsequently removed or altered by annealing. To understand this
process, the temperature and fluence dependence of beam-induced relaxation,
and the thermal stability of this effect are examined and correlated with the
microstructure of the irradiated layers. Samples are examined by Rutherford
backscattering/channelling (RBS-C), double crystal x-ray diffraction (DCXRD),
and transmission electron microscopy (TEM).
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The incorporation of dopants during the SPE regrowth of amorphous layers
created by ion bombardment leads to defect-free regrown layers with
maximum activation. Unfortunately, structural defects called EOR (End-Of-
Range) defects are formed beneath the former c/a interfaces. When EOR
defects are located close or within doping profiles they render the diffusion
"anomalous" by both trapping the dopant and enhancing its diffusivity. On the
other hand, the direct effect of doping on the thermal behaviour of EOR defects
have never been previously suspected and thus not investigated. In this paper,
we report for the first time that the doping level have indeed a drastic effect on
the growth and dissolution kinetics of EOR defects upon annealing. TEM
observations in plan-view were performed on boron doped Si wafers (from 1015

to 1020 cm"3) amorphised with a Ge beam at 150 keV and a dose of 2 x 1015

ions/cm2 and annealed at 1000 °C for 100 s. Below 2 x 1018 at/cm3, the loops
density and the number of Si interstitial atoms bounded to the loops increases
with doping. Above this value, the loops density decreases and for 1020 at/cm3

the loops have completely disappeared. This is interpreted in terms of
extrinsic/intrinsic mechanisms for Si selfdiffusion since at 1000 °C, nj is of the
order of few 1018 at/cm3. When the doping level is above nj the selfdiffusion
coefficient drastically increases and this allows the EOR defects to grow and
dissolve much faster. This behaviour is of prime importance to understand the
enhanced diffusion of boron in the vicinity of EOR defects.
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Correlation between EOR Defects and Electrical Properties of p+/n Junctions
Formed by Boron Implantation into Ge-Preamorphized Substrates

C. Bergaud1, M. Minondo2, A. Martinez1, C. Jaussaud2, L. Laanab3 and A^
Claverie3

1LAAS/CNRS, 7 avenue du colonel Roche, 31077 Toulouse Cedex, France
2LETI (CEA-Technologies AvancSes) DMEL CEN/G - 85X - F38041, Grenoble
C6dex, France
3CEMES-LOE/CNRS, 29 rue J. Marvig, BP 4347, 31055 Toulouse Cedex, France

The Ultra Large Scale Integration (ULSI) requires the reduction of the
dimensions of active and insulating layers. For CMOS technology, the junction
depths have to be less than 100 run. One way to obtain such junctions, is to
implant boron into germanium preamorphized substrates. The purpose of this
paper is to show the correlation between EOR defects (in terms of density and
position with respect to the junction depletion region) and the electrical
properties of preamorphized diodes. This is achieved by measuring the reverse
leakage currents and the diode ideality factors for diodes of various areas and
by determining the depth-positions and the densities of the EOR defects by
TEM. Areal and peripherical leakage current densities were studied as a
function of the germanium energy. Electrical measurements were performed
as a function of temperature (from -100 °C and 100 °C) in order to determine
the conduction process which dominates. Our results show that high-quality
p+/n junctions can be formed using germanium preamorphized substrates
provided the preamorphization conditions are optimized. This requires the
density minimization and the judicious positioning of the EOR defects
relatively to the space charge region of the junction.
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Diffusion and Trapping of Au to Cavities Induced by H Implantation

J, Wong-Leung. J.S. Williams and E. Nygren
Department of Electronic Materials Engineering, Research of Physical
Sciences and Engineering, Australian National University, Canberra, ACT
0200, Australia

Au is widely used for minority carrier lifetime control. Hence, the trapping
and diffusion of Au in Si has been an area of active research in the past
decades. However, the complex behaviour of the diffusion of Au in Si is still not
well understood and an area of strong controversy. This paper addresses the
gettering and diffusion of Au to defects introduced by H-implantation in Si. Cz
Si wafers of (100) orientation were implanted with 50 keV and/or 100 keV H.
The damage layers were then annealed at 850 °C for 1 hr in flowing Ar to drive
the hydrogen out leaving a band of well faceted cavities at depths of 0.5 urn and
1 urn respectively. A known amount of Au was introduced by ion implantation
in the near surface region. The gettering of Au to cavities and the movement of
Au from one cavity to another were studied as a function of time and
temperature. The samples were annealed at 850 °C to drive Au to the cavity
band. The profiles of Au were analysed using Rutherford Backscattering and
Channeling (RBS, RBS-C) and cross-sectional transmission electron
microscopy (XTEM). The Au concentration at cavities was found to be strongly
dependent on annealing time (as a result of complex diffusion and interplay
between Au diffusion and solubility).
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H.F.I. Study of the Decoration of the Internal Wall of Nanosized Voids
by Impurity Probes

Wim Deweerd1, Joris Verheyden1, Shmuel Bukshpan2 and HugoJPattyn1

1K.U.Leuven, Physics Department, Instituut voor Kern- en Stralingsfysika,
Celestijnenlaan 200D, B-3001 Leuven, Belgium
2Soreq Nuclear Research Centre, Yavne, Israel

The subject of selective migration of impurities to cavities has recently attracted
much interest based on the application of gettering of transition metal
impurities in Si. Our goal rather lies in elucidating the nature of the site of the
impurity atom, its local bonding and its vibrational properties, and the evolution
towards multi-atom trapping. We have employed Mossbauer spectroscopy on
implanted 57Co probes in Si, in which a layer of nanosized voids was previously
created. The extreme short range sensitivity of the hyperfine interaction
techniques makes them very attractive for a study of this nature. In Si, we have
ascertained the presence of the nanosized voids, left behind after the desorption
of He from its precipitates, through the use of He desorption measurements and
by T.E.M. measurements. The depth location relative to that of the voids of the
diffused 57Co-activity was followed by measuring the fray absorption and by
precise depth profiling. Two new 'fingerprints' have been observed in the
Mdssbauer spectra which we attribute to 57Fe-sites characteristic for the inner
wall of the nanosized voids. They differ largely in bonding strength. We are now
trying to establish the appropriate implantation temperature for driving the Co
atoms directly, without a post-implantation annealing sequence, towards the
voids.

We also aim to present our latest P.A.C. results on i n C d trapping at bubbles
and cavities created by the precipitation and annealing out of Kr in Al.
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Germanium Implantation into Amorphous Silicon Films

A.V. Ershov, A.A. Ezhevskii. A.F. Khokhlov, D.A. Khokhlov, A.I. Mashin and
N.I. Mashin
Lobachevsky State University of Nizhni Novgorod, 603600, N. Novgorod, Russia

Influence of the Ge+ dose and post implantation annealing on the dc dark-,
photoconductivity and EPR of amorphous silicon films have been investigated.
A-Si thin films have been deposited by evaporation. Doses ranged from 6x10
to 3xlO16 Ge/cm2. With increasing Ge concentration to "critical" value (0.12-0.8
at.%) in a-Si and raising annealing temperature to 300-400 °C, a decrease of
density of localised states (DLS) was observed. It follows from a decrease of
hopping conductivity contribution in dark conductivity as well as increased
photosensitivity CTp̂ oto/adar̂  to 103 (AMI) and minimum-like dose dependence
of spin density. We have found, that B+ and P+ implantation into a-Si films
predoped by 1.6xlO15 Ge/cm2 increased the dark conductivity in 10"9-10"3 Ohm'
cm interval, if the samples were annealed at 400 °C. Fermi level location

varied from (Ev+0.2) to (Ec-0.2) eV for impurity valence respectively. Thus,
amorphous silicon with a critical concentration of germanium is similar to a-
Si:H in its properties. Presented results are discussed using the model of the
dangling bond self-saturation during random network structural relaxation
due to Si and Ge atom size differences.
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Ion Beam Mixing of Si-Ge Multilayer Configurations Using MeV Kr Ions

B. Bhattacharya1, Y.N. Mohapatra1, S. Dhar2, T. Som2 and V.N. Kulkarni2

iMaterials Science Programme, Indian Institute of Technology, Kanpur-
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2Department of Physics, Indian Institute of Technology, Kanpur-208016, India

The Si-Ge system is technologically important because of its use in the
fabrication of heteroj unction bipolar transistors and potential applications in
electronic and optoelectronic devices. There are very few reports of ion beam
mixing of Si-Ge system. The efforts so far have been to understand the basic
mixing processes. From the temperature dependent mixing studies, it has
been shown that there are both athermal and thermal mixing regimes. We
have undertaken the study of Si-Ge multilayer structure in order to explore the
efficacy of synthesis of SixGei-x alloy using MeV ions.

Alternate layers of Si and Ge each having thickness of 100-200 A have been
deposited using e-beam on clean S1O2 and Si substrates under high vacuum of
5xlO6 torr to produce 2000-3000 A thick Si-Ge multilayer structures. Mixing
has been studied using 1-1.5 MeV Kr+ beam at doses in the range of 5xlO15 to
5xlO16 atoms/cm2 using the 2 Mev Van-de-Graaff accelerator at IIT, Kanpur.
Room temperature irradiation at a dose of 2xlO16 atoms/cm2 resulted in the
formation of 2000 A thick layer of SixGei_x (x = 0.6) as revealed by RBS analysis.
The energy, dose and temperature dependence of mixing will be presented
along with the results of optical and electrical characterization of the mixed
layers.
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Defect Evolution in Proton Implanted Silicon

C.E. Ascheron1. J. Wong-Leung, M. Petravic and J.S. Williams
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, The Australian National University, Canberra,
ACT 0200, Australia

This paper addresses the evolution of defects introduced by hydrogen
implantation into Si. Cz wafers of (100) orientation were implanted with
different doses of hydrogen ranging from 2xlO15 cm'2 to 6xlO16 cm2 and
subsequently annealed at different times and temperatures. The evolution of
the damage and its correlation to the hydrogen profile were studied using
Rutherford backscattering and channeling (RBS-C), secondary ions mass
spectroscopy (SIMS), cross-sectional transmission electron microscopy
(XTEM) and scanning electron microscopy (SEM). Cavities were formed at
intermediate doses after anneals at temperatures > 600 °C. Strain fields
around defects at the cavities essentially anneal out in samples subject to
annealing temperatures exceeding 750 °C. At such temperatures, all the
implanted hydrogen diffuses out of the samples leaving a band of faceted
nanocavities in good quality crystalline Si.

1Present address: Ion Beam Engineering Experimental Laboratory, Kyoto
University, Sakyo Kyoto 606, Japan.
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Lattice Position of Displaced Atoms in Boron Implanted Silicon

E, Wendjejl. W. Weschl, U. Zammit2, and M. Marinelli2

1Institut fur Festkorperphysik, Friedrich-Schiller-Universitat Jena, Max-
WienPlatz 1, D-07743 Jena, Germany
2Dipartimento di Ingegneria Meccanica, II. Universita di Roma "Tor
Vergata", Via della Ricerca Scientifica, 1-00173 Roma, Italy
In the present paper the lattice position of displaced Si atoms in B+ implanted
silicon as well as the subgap absorption are studied. Implantations were
simultaneously performed into <100>, <110> and <111> oriented Si substrates
(7° off the main axis) at room temperature. In order to obtain an almost
homogeneously damaged layer about 0.8 [im thick, an energy-dose-program
was used (300 keV B+: ion dose Ni, 150 keV B+: ion dose 0.5Ni, and 50 keV B+:
ion dose 0.46 Ni; dose variation lxlO14 cnv2 < Ni < lxlO16 cm2 ). Rutherford
backscattering (RBS) - channeling measurements at 300 K and 100 K were
carried out. By evaluating the RBS spectra in the framework of the
discontinuous model of the dechanneling the concentration of displaced Si
atoms as well as their displacement distances perpendicular to the <100>,
<110> and <111> axes were calculated.

By means of the Photothermal Deflection Spectroscopy (PDS) the subgap
absorption behaviour was investigated which gives additional information
about the defect concentration, especially of the concentration of di vacancies.
By comparing the results of the temperature dependent RBS and the PDS
measurements an attempt is made to get an idea about the microscopic defect
structure in weakly damaged B+ implanted Si.
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Neutralization of Boron in Si by Hot Ar+ Ion Bombardment

G.A. Kachurin. V.I. Obodnikov, V.Ja. Prinz and I.E. Tyschenko
Institute of Semiconductor Physics, 630090 Novosibirsk, Russia

Gettering of group III and V impurity atoms in Si is hard to realize because of
their low diffusivities at T<900 °C, whereas at T>900 °C the probability for the
impurity atom to be captured is low and even the gettering centers may be
destroyed. Commonly used passivation with H is stable only up to 400-500 °C,
that is far below the temperatures employed in silicon device technology. This
report demonstrates the possibility of gettering and neutralization of B in Si in
a single step by hot Ar+ bombardment. Boron doped Si, p~1019 cm 3 was
irradiated with 135 keV Ar+ ions at T=900 °C within the dose range of 1015-1017

cm2. The aim was twofold - to produce stable defects near Rd as the gettering
centers and to enable migration of boron atoms toward these centers by virtue
of radiation enhanced diffusion. Incremental Hall effect measurements, SIMS
and C-V profiling were used for the investigations. Up-hill diffusion of boron
toward the surface (Rd~0.1 jam) was observed with neutralization of boron
acceptors. For the 0.2-0.3 îm thick near-surface layers with boron
concentration of ~5 x 1019 cm3 hole concentration was found to be less than 5 x
1015 cm 3 . The gettering and neutralization effects were resistive against
subsequent annealing up to 1100 °C.
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Hall Effect and Resistivity Measurements on Semiconductors Implanted
with Radioactive Isotopes

G. Rohrlack and R. Vianden
ISKP, Universitat Bonn, Nupallee 14-16; D-53115 Bonn, Germany

Experimental results of Hall effect and resistivity measurements on
semiconductor samples, which are doped with radioactive isotopes, are
presented. The radioactive decay of the implanted parent nucleus causes an
element conversion. This leads to time dependent, exponential changes of the
carrier concentration and the specific resistivity of the sample (transmutation
doping) due to the half life of the decaying isotope. In comparison with electrical
measurements on semiconductors doped with stable isotopes, the special benefit
of the presented method is that we can get final configurations, which can only
be achieved by ion implantation of radioactive isotopes because of the element
conversion connected with the radioactive decay. This is especially valid for
compound semiconductor material, where the occupied lattice site of the
implanted atoms is mainly responsible for their doping properties. As an
example, measurements on GaAs doped with 67Ga and Ge doped with 111In are
presented. Further on, 71As implanted into GaAs is of special interest. 71As
decays to Ge which in turn decays to Ga. Thus, it should be possible to produce
Ga-antisite defects in a controlled way.
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High-Temperature Boron or Phosphorous Ion Doping of Silicon

G.V. Gadiyak and A.V. Bibik
Institute of Computational Technologies Siberian Division of Russian
Academy of Sciences, Novosibirsk 630090, PR.AK. Lavrentiev 6, Russia

A theoretical model which describes a diffusion process enhanced by ion
bombardment has been suggested and investigated for the case of boron or
phosphorus in silicon. Model takes into account: diffusion of point defects and
pairs, kinetic reactions of formation and dissociation of a pair, kinetic equation
for impurity atoms at the substitutional positions, growth of dislocation
concentration and their size during bombardment and the drain of point
defects and pairs on the dislocations. The model describes well known
experimental data [1-3] for the dependence of impurity atom profiles vs dose
and vs temperature in particular. The dislocation size growth and the drain of
point defects and pairs on the dislocations play the important role in the model.

[1] G.A. Kachurin, I.E. Tyschenko.and A.P. Mazhirin, Nuclear
Instruments and Methods in Physics Research B 43, 1989, 535

[2] G.A. Kachurin, I.E. Tyschenko, L.I. Fedina, Nuclear Instruments and
Methods in Physics Research B 68, 1992, 323

[3] L.N. Aleksandrov, T.V. Bondareva, G.A. Kachurin, I.E. Tyschenko,
Fizika and Technika Poluprovodnikov (sov.) 1991, v.25, N2, p.227
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MeV Implants of Boron, Phosphorous & Arsenic into Silicon

M- Anjum1.*. S. Cherekjian2, N. Pearce3, W. McCommas4, J. Lowell5, W.
Klander1 and W. Schofield1^.
1SEMATECH, 2706 Montopolis Drive, Austin, TX 78741, U.S.A.
2IMPLANT CENTER, 643 River Oaks Parkway, San Jose, CA 95134, U.S.A.
3THERMA-WAVE Inc., 47320 Mission Falls Court, Fremont, CA 94539, U.S.A.
^ADVANCED MICRO DEVICES, P.O. Box 3453, Sunnyvale, CA 94088, U.S.A.
5ADVANCED MICRO DEVICES, 5204 E. Ben White Blvd., Austin, TX 78741,
U.S.A.
* Assignee from AMD in Austin, TX, U.S.A.
"•"Assignee from Intel in Alburquerque, New Mexico, U.S.A.

High energy implants are increasingly important in CMOS technology where
retrograde wells or buried layers are required. Characterization of MeV
implantation is therefore essential to optimize CMOS processes.

This paper investigates the damage and ion distribution of MeV ion
implantation into silicon. Boron, phosphorus and arsenic ions were implanted
into <100> silicon at an angle of 7 degrees. Energies ranged from 0.5 to 3.0 MeV
and atomic doses varied from 4X1011 to 4xlO13 atoms/cm2.

Implantation damage was analyzed using the following techniques; Surface
Photo Voltage (S.P.V.), Thermal Wave (T.W.) modulated reflectance,
Channeled Rutherford Backscattering (C.R.B.S.) and Cross-sectional
Transmission Electron Microscopy (X.T.E.M.). Depth profiling of the damage
was obtained by measuring wedge shaped screen oxide wafers with S.P.V. and
T.W. Additionally, surface roughness was studied by using an Atomic Force
Microscope.

Implanted ion ranges were measured by Secondary Ion Mass Spectroscopy
(S.I.M.S.) and R.B.S. These were compared to annealed electrical profiles
obtained from Differential Hall-effect and S.R.P. data.

The measured damage and ion range profiles are correlated to those predicted
by T.R.I.M. and used to model the results obtained from S.P.V. and T.W.
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Effect of Ge-Related Mechanical Strain on Defect and Impurity
Behaviour in Ion-Implanted Si

Yu. Suprun-Belevich and L. Palmetshofer
Institut fur Experimentalphysik, Johannes Kepler Universitat Linz, A-4040
Linz, Austria

Si crystals were implanted with 320 and 640 keV Ge+ ions at doses up to 3x1016

cm2, corresponding to a Ge peak concentration of ~3 at. %, and annealed at 1050
°C. The mechanical strain produced by Ge atoms in substitutional positions in
the Si crystal lattice was studied by X-ray diffraction. In order to investigate the
influence of the mechanical strain caused by Ge atoms on impurities and
radiation defects the samples were then irradiated with H+ and B+ ions. The
energies were chosen such that the implanted profiles coincide approximately
with the Ge profile. The behaviour of radiation defects and impurity atoms under
the influence of the mechanical strain has been studied by means of deep level
transient spectroscopy and electrical measurements. Radiation defects usually
observed after H+-irradiation of silicon are influenced by the mechanical strain
in the following way: the concentration of the defects is lower, the profiles are
wider and the annealing temperature is lower (about 100 °C), compared to
unstrained samples (containing no Ge). The transition of implanted B atoms into
substitutional lattice sites during annealing is promoted in the strained samples
(weakening of the reverse annealing stage). In addition, the diffusion of B
impurities during annealing is lowered in Ge-containing samples resulting in
smaller B profiles.
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The Effect of Elevated Temperature Ge Implantation and Subsequent
Thermal Annealing on the Synthesis of GeSi Strained Layers in Si

W.C. Wont* and R.G. Elliman
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra, ACT 0200,
Australia

High dose Ge implantation at temperatures less than -200 °C produces an
amorphous layer whereas implantation at temperatures above -250 °C produces
a highly defective crystalline layer with a dense band of defects around the
projected range of the Ge ions. The crystalline layers resulting from high
temperature implantation are not strained due to the high concentration of
defects, however, these defects are shown to grow and anneal during subsequent
high temperature (1000 °C) annealing resulting in a strained Si/SiGe/Si
heterostructure. This behaviour is examined as a function of implant fluence and
temperature, and as a function of annealing temperature. The evolution of the
defects and the lattice strain are studied by Rutherford backscattering/
channeling (RBS-C), double crystal x-ray diffraction (DCXRD), and transmission
electron microscopy (TEM).
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Optical Absorption Study of Ion Implanted Si Films

U. Zammit1. K.N. Madhusoodanan1, M. Marinelli1, F. Scudieri1, F. Mercuri1,
E. Wendler2 and W. Wesch2

iDipartimento di Ingegneria Meccanica, 2° Universita di Roma "Tor
Vergata"- Via della Ricerca Scientifica, 00133 Rome, Italy
2Friedrich-Schiller-Universität Jena, Institut für Festkörperphysik, Max-
Wien-Platz 1, D-07743 Jena, Germany

In this work we present an optical absorption study of ion-implantation
damage in films of Si on sapphire. The absorption spectra were obtained by
photothermal deflection spectroscopy, a highly sensitive technique, which
enabled the extension of the spectra from ~ 2.8 eV down to an energy far into
the sub gap region of Si (~ 0.35 eV). The various stages of formation and
quenching of divacancies were monitored as a function of implantation
conditions and annealing cycles through their 0.68 eV (1.8 p.m) absorption
band. It was found that divacancies increased with dose up to a concentration
of ~ 1020 cm 3 and then progressively became quenched with further dose
increase. Moreover, in the band edge region, the inverse logarithmic slope
value closely correlated with the divacancy concentration, indicating that
divacancies strongly affect the population of band tail states. This was also
confirmed in the studies carried out during annealing, where it was found
that divacancies anneal out over a narrow temperature range around ~ 230 °C.
In ion-implanted amorphous material the evolution of the values of the optical
gap and inverse logarithmic slope during annealing revealed that structural
relaxation is associated with strain reduction in the material, whereas
analysis of the sub gap features indicated that it is also accompanied by a
reduction in defect concentration.
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A Study of Thin Layer Properties for RTP Silicon Implanted with Silicon and
Boron

Ji-Cheng Zhou1, Jin-Liang Zhu2 and Xing-Yuan Jian2

depar tment of Electronic Engineering, Changsha Railway University,
Changsha, Hunan 410075, China
2Applied Radiation Institute, Shanghai University of Science and Technology,
Shanghai 201800, China
Amorphized silicon by Si+ implantation prior to boron implant and then RTP
(rapid thermal processing) results in a thin P+ layer with good electrical
properties. Both RTP and pre-amorphization are required to form thin layers.
N-type (100) silicon wafers were implanted with 50 keV or 100 keV Si+ to form
amorphous layers and then 30 keV B+ implantation to doses of 1.0 x 1014 - 1.0 x
1015 ions/cm2. The samples underwent rapid isochronous processing at
temperature from 800 °C to 1150 °C for 20 seconds or rapid isothermal
processing at 1100 °C for 5 - 60 seconds. The analytical techniques of FPP (four
point probe), SRP (spreading resistance profile), RBS/ion channelling and
TEM were used to measure electrical and structural properties of the samples.
The thinnest P+ layer was formed by the pre-amorphized silicon wafers with
100 keV Si+ implantation to a doses of 4.0 x 1015 /cm2, with a P+ layer of 0.22 urn
deep and a sheet resistance of 76 li.cra. RBS/ion channelling results and TEM
micrographs show that a little residual damage remains after RTP. The
diodes fabricated by dual implant and RTP show excellent I-V characteristics,
with reverse-bias leakage current density of 2.1 nA/cm2 at -1.4 V.
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Plasma Ion Implantation - Niche Applications for Semiconductor Fabrication

Chung Chan. Shu Qin and James Bernstein
Plasma Science and Microelectronics Laboratory, Department of Electrical
and Computer Engineering, Northeastern University, Boston, MA 02115,
U.S.A.

Plasma ion implantation(PII)1-5 has been utilized as a low cost high dose
implant method for applications in large area electronics such as flat panel
displays.

Two Plasma ion implantation (PII) doping experiments will be discussed. In
our first experiment, both Diborane B2H6 diluted in helium as well as BF3 were
used as the gas source to dope silicon substrate with boron. Silicon devices
including diodes, MOS capacitors, and PMOS transistors were fabricated by
this PII doping technique. The implanted Boron profile and the contamination
levels of various impurities were evaluated by SIMS (Secondary Ion Mass
Spectrometry) measurements.

In our second experiment, PII is used for the hydrogenation of Poly-silicon
thin film transistors (TFTs) which were fabricated on quartz substrates. TFTs
were hydrogenated in our PII system with various hydrogen dose, processing
time, wafer temperature and pulse potential. Using PII as a high throughput
hydrogenation process, the performance of NMOS as well as PMOS transistors
were studied. Marked improvements in threshold voltage, the subthreshold
swing and carrier mobilities were observed.

A collisional dynamic sheath model67 for our PII experiments has also been
developed in order to optimize the system design and predict the doping
results. Good agreement between this model and the measurements has been
demonstrated.

1. J.R. Conrad and C. Forest, IEEE International Conference on Plasma
Science,
Saskatoon, Canada, May 19-21, 1986

2. S. Qin and C. Chan, J. Vac. Sci. Technol. B 12, Mar/Apr (1994)
3. S. Qin, N. McGruer, C. CHan and K. Warner, IEEE Trans, on Electron

Devices 39, 2354 (1992)
4. N.W. Cheung, Nucl. Instr. Meth. Phys. Res. B 55, 811 (1991)
5. S. Qin, C. Chan, N. Mcgruer, J. Browning and K. Warner, IEEE Trans.

Plasma Science 19, 1272 (1991)
6. S. Qin and C. Chan, IEEE Trans. Plasma Science 20, 569 (1992)
7. S. Qin, C. Chan and N. McGruer, Plasma Sources Science and Technology

1,1 (1992)
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The Use of Ion Beam Synthesised GeSi Strained-Layers for Improving
the Performance of MOSFETs

H. Jiang1, P. Kringh0j2, W.C. Wong and R.G. Elliman
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, The Australian National University, Canberra, ACT
0200, Australia
Permanent address: Microelectronics Research Centre, NJIT, Newark, NJ
07102, U.S.A.
2Permanent address: University of Aarhus, DK-8000, Aarhus, Denmark

Surface- and buried-channel MOSFETs were fabricated with GexSii_x strained-
layer channels synthesised by high fluence Ge implantation. Surface channel
devices were fabricated with 30 keV Ge implants in the fluence range from 0.5 to
4.0xl016cm2, giving peak Ge concentrations in the range from x = 0.04 to 0.22,
whilst buried channel devices were fabricated with 90 keV Ge implants in the
fluence range from 1.0 to 6.0xl016 cm2, giving peak Ge concentrations in the
range from x = 0.03 to 0.16. For Ge concentrations below a critical value, solid
phase epitaxy produced GeSi strained layers in the implanted channel region of
the MOSFETs. The electrical performance of these devices was compared with
conventional Si devices and was found to be significantly better. In particular,
the Ge implanted devices showed an increases in hole mobility and linear
transconductance of up to 18+3%. A similar increase in maximum operating
frequency is also anticipated.
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Ion Mass Dependence of Normalized Regrowth Rates in MeV Ion Beam Induced
Epitaxial Crystallization

A. Kinomura. A. Chayahara, Y. Horino, Y. Mokuno and K. Fujii
Osaka National Research Institute, AIST, 1-8-31 Midorigaoka, Ikeda, Osaka 563,
Japan

Proportionality between regrowth rates and nuclear energy deposition in ion
beam induced epitaxial crystallization (IBIEC) has been reported for several
hundreds keV ion beams. However, Ionization effect and cascade distribution
must be taken into account for MeV ion beams because an energy loss process of
high energy ions is different from that of medium or low energy ions. In this
study, ion mass dependence of regrowth rates normalized by nuclear energy
deposition was investigated in case of MeV IBIEC in Si.

Amorphous layers formed by 200 keV Ge+ implantation in Si were recrystallized
at 350 °C by irradiating ion beams at 1.5 or 5.6 MeV. Normalized regrowth rates
were estimated from regrown thickness measured by 1.5 MeV He+ channeling
and nuclear energy deposition calculated by the TRIM code. Light ions provided
higher regrowth rates than heavy ions for both 1.5 and 5.6 MeV beams.
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Use Bole of Subcascades Geometry on Ion Beam Induced Crystallization

C. Spinella, A. Battaglia and S.U. Campisano
Istituto di Metodologie e Tecnologie per la Microelettronica del C.N.R. Stradale
Primosole 50,195121 Catania, Italy

Ion beam induced crystallization has been usually well described by using
average parameters of the energy transfer process and the details of the
cascade geometry has never been considered. In the present work we report
experimental results on the role of cascade geometry on the amorphous to
crystal transition under heavy and light ion irradiation. Silicon amorphous
layers have been implanted with Si, Pt, Kr, Ar or Ne ions at various values of
the energy and dose rates, with the substrates held at 500 °C. The process of
nucleation and growth has been followed by transmission electron microscopy
and the data can be accounted for by assuming the amorphization of a volume
fraction of the crystallized material as due to the presence of the highly
energetic sub-cascades in each ion track. The grain growth kinetics increases
by increasing ion mass, i.e. the average concentration of defects promoting
crystallization. On the contrary larger ion masses correspond to a denser sub-
cascade structures which depress nucleation rate. A model description fits
well the experimental data in a wide range of ion beam parameters.
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Ion Beam Induced Epitaxial Regrowth and Layer by Layer Amorphization of
Compound Semiconductors During MeV Ion Implantation

E. Glaser. T. Bachmann, R. Schulz, S. Schippel and U. Richter
Institut fur Festkorperphysik, Friedrich-Schiller-Universitat Jena, Max-Wien-
Platz 1, D-07743 Jena, Germany

Ion beam induced crystallization (IBIEC) and interfacial amorphization
(IBIIA) are investigated in preamorphized GaAs, InAs, GaP and InP during
irradiation with high energy ions (N+, Ar+, Kr+) at substrate temperatures
varied from 300 K to 470 K and at different dose rates. RBS/C and cross
sectional TEM are used to characterize the IBIEC/IBIIA processes and the
structure of the layers formed. In the materials considered the amorphous
layers crystallize at sharp interfaces with suppression of twin formation. But,
if a critical nuclear energy deposition is exceeded IBIEC becomes stopped
caused by competing ion induced nucleation processes in the amorphous
layers. In this paper it is demonstrated that despite of this fact also thicker (~
250 nm) amorphous layers can be crystallized completely by means of IBIEC.
Transitions IBIEC <--> IBIIA at critical temperatures (or dose rates) were
observed in GaAs and InAs. The existence of critical transition temperatures
also is proven for GaP and InP. The transition temperatures are correlated
with critical temperatures for defect formation during ion implantation in
these materials.



10038 AU9716473

Ion-, Electron-beam and Thermally Induced Crystallization of Silicon:
Analogies and Differences

G.A. Kachurin
Institute of Semiconductor Physics, 630090 Novosibirsk, Russia

The experimental dependences of ion-beam induced crystallization (IBIC) of Si
on the the conditions and location of the nuclear losses release regarding the a-
c boundary have been analyzed. The data have been compared with the known
materials on purely thermal, pressure-enhanced and electron-beam induced
crystallization (EBIC). The following conclusions are drawn, (i) The
mechanisms of IBIC and EBIC are analogous based on the rearrangement of
peculiar to a-Si faulted atomic rings into energetically more favourable 6-
membered rings of c-Si under influence on non-equilibrium mobile point
defects approaching the a-c boundary, (ii) This transformation is facilitated by
the defects coming both from a- and c-Si with the diffusion length being
considerably higher in c-Si. The induced crystallization proceeds at low
temperatures with the near zero activation AE providing the point defect
supply corresponds to the existing crystallization rate without overflow. For
EBIC this is the case even at electron fluxes of more than 100 A/cm2, (iii) The
differences between IBIC and EBIC result from excessively high local (not
average!) defects concentrations created near a-c boundary by the
displacement spikes of ions. This leads to interaction of the point defects with
occurrence of IBIC dependences on ion mass, dose rate, temperature (AE-0.2-
0.3 eV) and of the possibility for amorphization. (iv) Contrary to IBIC and EBIC
pure thermal crystallization does not require the obligatory approach of the
defects to the a-c boundary and consists in temperature activated boundary
rearrangements with AE=2.7 eV. That is why the thermal growth is more
influenced by doping and orientation than IBIC and EBIC.
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Properties of Ion-Beam-Induced Epitaxial Crystallization (IBIEC) of SiGeC
Layers on Si Fabricated by Ge and C Ion Implantation

Naoto Kobavashi. Masataka Hasegawa, Nobuyuki Hayashi, Hisao Tanoue,
Hajime Shibata and Yunosuke Makita
Electrotechnical Laboratory, 1-1 Umezono, Tsukuba, Ibaraki 305 Japan

Properties of IBIEC have been investigated for Sii-x-yGexCy layers on Si (100),
which is one of attractive electronic and optoelectronic materials owing to the
strain compensation by C atom incorporation in SiGe. Amorphous SiGeC
layers on Si (100) wafers with thickness of about 80 nm (Peak concentrations of
Ge and C atoms are x=0.1 3 and y=0.014) were fabricated by implantations of 80
keV Ge ions and 17 keV C ions at RT. IBIEC experiments using 400 keV Ge
and Ar ions have induced epitaxial crystallization up to the surface around 350
°C. Structural properties of the surface layers were analyzed and compared to
those of SiGe on Si, which are fabricated under the same conditions, by RBS,
12C(d, p)13C NRA and X-ray diffraction method (XRD).

C atoms in SiGeC were observed to locate in the lattice sites by NRA using
1.25 MeV d beam for the samples grown below 350 °C and not fully in the lattice
sites for those grown at 400 °C. Although strain relaxation was not observed in
SiGe samples due to lattice mismatch or partly observed in SiGeC samples
grown at 400 °C probably due to SiC precipitation, clear strain compensation by
incorporation of C atoms was confirmed by four-crystal XRD for the SiGeC
samples grown below 350 °C. Growth rate in SiGeC was larger than in SiGe
for growths at 350 °C, which should be due to the strain relaxation, whereas it
is slightly smaller than that in SiGe for growths at 400 °C. Present results
revealed full ion beam synthesis of SiGeC and a suitable condition for IBIEC.
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Solid Phase Epitaxial Regrowth Measurements of Ion Implantation
Doped Amorphous Germanium

P. Gorfrmaker and J.C. McCallum
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, The Australian National University, Canberra, ACT
0020, Australia

The solid phase epitaxial growth (SPEG) rate of amorphous germanium layers
produced by self-ion implantation have been measured over the temperature
range 300-540 °C using time resolved optical reflectivity (TRR). The substrates
were implanted with Ge ions at multiple energies to produce amorphous layers
of approximately 2 um in thickness. Both n-type and p-type substrates were
studied. The effects of dopants on SPE rates in germanium were studied by
implanting arsenic or aluminium ions at multiple energies into pre-amorphised
substrates to create constant dopant concentration profiles over the depth ranges
of 2500-6500 A and 5300-9400 A respectively. Also, impurity compensation was
studied by implanting a sample with partially overlapping equal concentrations
of arsenic and aluminium. Activation energies for each system were determined
by assuming an Arrhenius-type dependence on temperature.
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Temperature Dependence of the Ion Beam Induced RecrystaUization of SiC

R. Kogler. V. Heera, D. Panknin and W. Skorupa
Research Center Rossendorf Inc., P.O.B. 510119, D-01314 Dresden, Germany

SiC is a promising semiconductor material for high temperature, high power
and high speed electronic applications.

However, a basic problem of this material is the annealing of radiation
damage formed during ion implantation. In particular, ion beam amorphized
SiC is known to be very stable against thermal annealing. One method to
overcome this problem seems to be the ion beam induced epitaxial
crystallization (IBIEC). Recently, first results have been published concerning
IBIEC of SiC [1]. The results show a recrystallization effect already at 480 °C
with a rate of 1.5 nm/1016 cm2. This has to be compared with a temperature of
1500 °C necessary for the thermal recrystallization of SiC.

The present paper reports results on the temperature dependency of IBIEC
and compares the influence of different implants in SiC on the crystallization
rate and the crystallization range.

[1] V. Heera, R. Kbgler, W. Skorupa and E. Glaser, Mat. Res. Soc. Symp.
Proc.Vol 316 (1994) 229



10.042 AU9716477

Ion Beam Induced Interfacial Amorphization of Silicon below Room
Temperature

Th. Henkel, V. Heera, R. Kogler and W. Skorupa
Research Center Rossendorf Inc., P.O.B. 510119, D-01314 Dresden, Germany

Ion implantation into crystalline silicon produces radiation damage which
may accumulate to an amorphous layer located around the maximum of the
nuclear energy deposition profile. This so-called bulk amorphization process
has been succesfully described in terms of the critical energy or defect density
models [1]. Recently it has been shown, that in the case of a pre-existing
amorphous layer, ion beam irradiation through this layer can induce epitaxial
crystallization (IBIEC) or interfacial amorphization in dependence on
temperature [2]. Ion beam induced interfacial amorphization (IBIIA) cannot
be explained by the critical energy density model because it occurs also when
the damage energy at the amorphous/crystalline interface is well below the
amorphization threshold. Until now the kinetics of the IBIIA process in
silicon have been investigated only in the narrow range between room
temperature and the threshold temperature for the IBIIA/IBIEC-transition
[2,3,4]. New results on the IBIIA process in silicon at lower temperatures are
presented.

[1] G. Carter and W.A. Grant, Nucl. Instr. Meth. 199,17(1982)
[2] F. Priolo and E. Rimini, Mater. Sci. Rep. 5, 319 (1990)
[3] R.D. Goldberg, R.G. Elliman and J.S. Williams, Nucl. Instr. Meth.

B8CV81,596 (1993)
[4] A. Battaglia and S. U. Campisano, J. Appl. Phys. 74, 6058 (1993)
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Oscillations in the Depth Distribution of Point Defects Induced by High Energy
Ion Implantation

A.V. Dvurechenskii1. R. Grotzschel2, A.A. Karanovich1, R. Kogler2 and A.V.
Rybin1

ilnstitute of Semiconductor Physics, 630090 Novosibirsk, Russia
2Research Center Rossendorf, Inc., D-01314 Dresden, Germany

The high energy ion implantation was found recently to show a distinguishing
feature in the damage depth distribution [1]. The aim of the present report is
the comparison of the point defect depth distributions for two different
temperatures of the high energy ion implantation into Si. (001)Si wafers of 500
Ohm-cm resistivity were irradiated with N+ ions of 16 Mev and Si+ ions of 26
MeV at the substrate temperature of 175 and 300 K. The irradiation doses were
(4-8)xlO15 cm2, the particle current densities were from 10 to 30 nA/cm2. We
have studied with ESR technique the depth distribution of the tetravacancies,
pentavacancies, and centers connected with amorphous phase. Two types of
experiments have been performed. In the first one we have used equal doses
and in the second experiment we have taken the equal numbers of the
amorphous phase centers for two temperatures of substrates at ion
implantation. In the last case we ought to use a double dose for room
temperature implantation as compared with low one. The oscillations of
tetravacancies and pentavacancies concentration vs the depth were found by
us in the samples implanted at room temperature. There were no oscillations
in the depth profiles for low temperature of implantation. The room
temperature of implantation was found to lead to broadening of the amorphous
phase centers depth distribution.

[1] A.V. Dvurechenskii, R. Grotzschel, F. Herrman, A.A. Karanovich, R.
Kogler, A.V. Rybin, Abstracts of "Ion Implantation Technology",
Catania, P-3.86, 1994.
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Effects of MeV Ion Irradiation on Crystallization of Amoiphous Ge Films

S. Nakao. K. Saitoh, M. Ikeyama, H. Niwa, S. Tanemura, Y. Miyagawa and S.
Miyagawa
National Industrial Research Institute of Nagoya, 1-1 Hirate-cho, kita-ku,
Nagoya 462 Japan

Hetero epitaxial crystallization of amorphous films induced by ion beam
irradiation is an attractive phenomenon for technological application. In this
study, amorphous Ge (a-Ge) films deposited on CaF2 (111) substrate are
irradiated with 1.8 MeV Si ion beams in <lll>-aligned and random directions
and their structural changes are examined as a function of ion dose and ion
current intensity. The degree of the crystallization of the films is monitored by
Rutherford backscattering spectrometry (RBS) combined with channeling
technique and the microstructure of the films is observed by transmission
electron microscopy (TEM). When the ion dose is increased until about lxlO17

ions/cm2, the crystallization of the films, i.e., the decrease in the aligned yield
from Ge in RBS spectra, proceeds gradually. With the further increase in the
ion dose, the crystallization tends to be saturated. When the ion current
intensity is changed in the range of 2 to 6 [lA/cm2, the degree of the
crystallization becomes large with decreasing ion current intensity.
Furthermore, the irradiation in random direction is more effective for the
crystallization than that in aligned direction. TEM observation shows that the
irradiated films are composed of (111)- and non- oriented crystal grains and
residual amorphous phase.
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The Temperature Dependence of Ion-Beam-Induced Amorphization in IJ-SiC

W.J. Weber* and L.M. Wang2
iPacific Northwest Laboratory, P.O. Box 999, Richland, WA 99352, U.S.A.
2Department of Earth and Planetary Sciences, University of New Mexico,
Albuquerque, NM 87131, U.S.A.

The ion-beam induced crystalline-to-amorphous transition in C-SiC prepared
by chemical vapor deposition has been studied as a function of irradiation
temperature using the HVEM-Tandem Facility at Argonne National
Laboratory. Specimens were prepared as TEM disks and irradiated with 1.5
MeV Xe+ ions over the temperature range from 40 to 550 K, and the evolution of
the amorphous state was followed in-situ using the HVEM. At temperatures
below 200 K, the dose for complete amorphization in the CVD J3-SiC is nearly
constant with a value of -0.3 dpa. Above 200 K, the dose for complete
amorphization increases rapidly with temperature up to ~550 K, above which
amorphization could not be induced. For temperatures below 200 K, the dose
for complete amorphization and temperature dependence are similar to that
observed previously for 2 MeV electron irradiated ct-SiC and B-SiC single
crystals (Inui et al., 1990 and 1992). The critical temperature (550 K) for
amorphization under 1.5 MeV Xe+ irradiation is much higher than that
observed (300 to 340 K) under 2 MeV electron irradiation. The temperature
dependence of amorphization has been modeled, and the activation energy for
the recovery/recrystallization processes under 1.5 MeV Xe+ irradiation is -0.1
eV, which is similar to that determined by applying the same model to the
electron irradiation results of Inui et al. (1990 and 1992).
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Oscillating Distribution of Implanted N in Buried in Si Layers due to
Competition of Sinks

G.A. Kachurin1. G.V. Gadiak2, I.E. Tyschenko1 and S.A. Tijs1

Institute of Semiconductor Physics, 630090 Novosibirsk, Russia
institute of Computation Technologies, 633090 Novosibirsk, Russia

Formation of SOI structures by sub-stoichiometric implantations of O+ of N+

ions has been the subject of considerable investigations during the last years.
The necessity to reduce the ion doses as well as the demand to obtain very thin
SOI structures for high speed electronics are the reasons for this. However the
annealing after sub-stoichiometric implantations does not result in the
formation of a single continuous buried layer. Complex redistribution of O and
N takes place usually with the occurrence of several peaks in profiles. Thus the
problems to be solved are the understanding of mechanism for profile
evolutions and to find a means for stimulation the growth of a single buried
layer. In this work layer-by-layer Auger spectroscopy is used to examine the
distributions of N implanted in Si at E=135 keV with the dose of 2 x 1017 cm"2 at
T=1000 °C. The samples were preimplanted with 3 x 1013-1016 cnr2 135 keV Ar+

ions T=800 °C to provide for the stimulated nitride precipitation due to induced
sinks-small dislocation loops. Formation of profiles with one, two ar three
peaks was found with their number and position depending on the dose of Ar+

preimplantation. The results are explained by the presence of competing sinks
for decomposing supersaturated solutions of mobile nitrogen atoms and point
defects. Computer simulation of the proposed model has been made which
confirmed the expected development of the precipitation process.
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Formation of Electrical Centers while Preparation of SOI Structures by MeV
N Ion Implantation

I.E. Tvschenko. G.A. Kachurin and T.A. Belykh
Institute for Semiconductor Physics, 630090 Novosibirsk, Russia
Ural Polytechnical Institute, 620002 Ekaterinburg, Mira 19, Russia

p-Si (100) with p=0.3 Q.cm was implanted with the high doses of 11 MeV N+

ions. The dose rate was about 0.1 uA/cm^. Post-bombardment isochronal
annealings were performed in dry nitrogen within the temperature range of
500-1100 °C. Incremental sheet resistance and Hall effect measurements were
used for the investigations. The following has been obtained. Hole sheet
concentration in the top silicon layer after N+ implantation and annealing up
to 900 °C was found to be increased. Anodic oxide stripping had revealed from
~1018 cm3 to ~1017 cm"3 excess acceptors distributed from the surface down to
the depth of 2-4 um. The latter depended inversely on the ion dose. On the other
hand, at the depth of the projected ion range Rp, ripening of ~1018 cm'3 donors
has been observed after the same annealing up to 900 °C. Donors were
distributed within the depth range of 6-9 |j.m with one or two concentration
peaks. The nature of the new acceptors and donors is discussed. It may be said
with certainty that donor formation is related to the microprecipitation of
nitride, whereas the origin of the new acceptors is not completely clear and
additional targeted experiments are now in progress.
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Suppression of Excess Carriers by Buried Recombination Layers
Formed by High Energy Oxygen or Carbon Implantation into Silicon

L. grey2- M. Herden2, S. Bogen1, and H. Ryssel1-2

1Fraunhofer Ins t i tu t fur Integrierte Schaltungen, Bereich
Bauelementetechnologie, Schottkystrasse 10, 91058 Erlangen, Germany
2Lehrstuhl fur Elektronische Bauelemente, Universitat Erlangen-Niirnberg,
Cauerstrasse 6, 91058 Erlangen, Germany

The recombination of charge carriers in buried carbon or oxygen implanted
layers in silicon can be used to suppress soft errors and parasitic effects in
CMOS-structures. In this paper, n and p-type (5 Qcm) CZ silicon wafers were
implanted either with oxygen or carbon at an energy of 5 and 4 MeV. The
implantation dose was 5x10*5 cm2. Annealing of the implanted layers was
provided for during processing of CMOS-devices following the implantation.
Characterization of the recombination layers was done by spreading resistance
measurements and by measurements of the well diode current voltage
characteristics. Current voltage characteristics of p-well diodes showed that
reverse currents were reduced by about 50% by carbon implantation compared to
the non-implanted samples, which is probably due to proximity gettering.
Spreading resistance measurements of the implanted p-substrate showed that
both oxygen and carbon implantations produced an n-doped layer resulting in an
n-p-n-p structure in the case of n-wells. To investigate the capability of these
layers for suppression of soft errors and excess charge carriers, charge carriers
were generated by illumination of the back side of the wafers. These excess
carriers were effectively suppressed in the implanted layers, reducing the
reverse current by one to more than three orders of magnitude for oxygen and
carbon implantation.
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Strain Profiles in Phosphorus Implanted (lOO)-Silicon

L.Frey1. M. Remmler1, Z. Horvath2, L. Gong1 and H. Ryssel1*3

1Lehrstuhl fur Elektronische Bauelemente, Universitat Erlangen-Nurnberg,
Cauerstrasse 6, 91058 Erlangen, Germany
2Central Research Institute for Physics, P.O. Box 49, 1525 Budapest, Hungary
3Fraunhofer Inst i tu t fur Integrierte Schaltungen, Bereich
Bauelementetechnologie, Schottkystrasse 10, 91058 Erlangen, Germany

Strain depth profiles of phosphorus implanted (100) silicon wafers have been
investigated by high resolution X-ray diffractometry. The phosphorus implants
were carried out at energies of 80 keV, 570 keV, and 1 MeV with doses ranging
from 2.5xlO14 cnr2 to 3.5xlO15 cm2. The samples were annealed at
temperatures ranging from 650 °C to 1100 °C. Rocking curves of both as
implanted and annealed samples were measured for the (400) Bragg reflection.
From the rocking curves, strain profiles were determined by simulation with the
semi-kinematic diffraction theory. The strain profiles were compared to XTEM
investigations. The residual strain after annealing shows a minimum at an
annealing temperature of about 1000 °C and increases again due to the
formation of dislocation loops at higher annealing temperatures. The maximun
strain e=Ad/d increases with dose from 3xlO3 for a dose of lxlO15 cm"2 to 1.8xlO5

for a dose of 5x1015 cm-2.
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Morphology and Structure of SiO2 Precipitates Induced by a Laser Treatment
in Hydrogen Implanted Silicon

P. Zheng and R.G. Saint-Jacques
INRS-Energie et mat6riaux, University du Quebec, Varennes, Qc, Canada,
J3X1S2

We have investigated structural and morphological modifications of 5-30%
hydrogen implanted silicon during a laser treatment. Studies of transmission
electron microscopy (TEM) in conjunction with atomic force microscopy (AFM)
indicate that the laser treatment lead to the formation of SiC>2 and SiC
precipitates at the same time as H is desorbed at high temperature up to the
melting point on the 108 sec time-scale. The precipitation phenomenon means
that carbon and oxygen have diffused into the silicon. The orientation
relationships between the two S1O2 hexagonal phases and the matrix revealed
that the S1O2 precipitates can grow epitaxially with the Si substrate. This study
suggests that an ultrathin S1O2 crystalline layer could be realised by laser
treatment of H implanted Si surface.
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Optical Effects of Doped Top Layers in SOI Structures Formed by Ion
Implantation

Yu Yuehui1. Lin Chenglu1, Zou Shichang1 and P.H.F. Hemment2

ilon Beam Laboratory, Shanghai Institute of Metallurgy, Chinese Acadamy of
Science, Shanghai 200050, China
2Department of Electronic and Electrical Engineering, University of Surrey,
Guildford, Surrey GU2 5XH, U.K.

Arsenic ions have been implanted into SOI (Silicon-on-Insulator) structures at
an incident energy of 100 keV to a dose of 2x1015 cnr2. Conductive top layers
have been formed in SOI structures after annealing at 1200 °C for 20 s.
Infrared (IR) reflection spectra in the wavenumber range of 1500-5000 cm'1

were measured and interference fringes related to free-carrier plasma effects
were observed. By detailed theoretical analysis and computer simulation of IR
reflection spectra, the carrier concentration, the carrier mobility and the
carrier activation efficiency were obtained. The physical interpretation of the
results and a critical discussion of the sensitivity of data fitted to variation in
parameters were given.
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A New Siliridation Technique by Metal Vapor Vacuum Arc Ion Implantation

D.H. Zhu, Y.G. Chen and B.X. Liu
Department of Materials Science and Engineering, Tsinghua University,
Beijing, 100084, P.R. China

Using Metal Vapor Vacuum Arc (MEWA) ion source, high current density
metal ion implantation was conducted to synthesize metal-silicides. The stable
phase of C54-TiSi2, NbSi2, TaSi2, fi-FeSi2, CoSi2, and NiSi2 were formed directly
by MEWA implantation of respective metal ions into single crystalline Si (c-
Si) wafers, or through a deposited metal film on c-Si wafers. By increasing the
current density and the implanting dose, the equilibrium phases or tetragonal
MoSi2, \VSi2, and a-FeSi2 were also formed through phase transformation
from their respective counterparts stable at lower temperatures.

By solving the differential thermal conduction equation, the temperature rise
upon implantation with various experimental parameters was calculated, and
the results confirmed that the simultaneous thermal annealing effect resulted
from high current density implantation was responsible for the formation and
evolution of the studied metal silicides. Besides, post annealing of some
implanted wafers also supported the above argument and in some cases
improved the electrical properties as well.
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Ion Beam Synthesis of CoSi2 - Microstructures by means of a High
Current Focused Ion Beam

L. Bischoff, J. Teichert, E. Hesse, D. Panknin and W. Skorupa
Research Center Rossendorf Inc., Institute for Ion Beam Physics and Material
Research P.O.Box 510119, D-01314 Dresden, Germany

Maskless writing ion implantation as a modern patterning technique is one of
the most attractive applications of focussed ion beams (FIB) today. The
advantages of this process are the high resolution, the possibility to vary dose,
energy and pattern design on one chip as well as the simplification of the
fabrication process especially during the R&D phase. Continuous CoSi2' films
may be obtained by high dose Co-implantation into a heated substrate and
subsequent annealing (ion beam synthesis) [1]. To substitute the conventional
broad beam technique the Rossendorf focussed ion beam IMSA-100 [2] was used.
The fabrication of CoSi2' wires by stoichiometric implantation of Co+ and Co++

ions and a subsequent two step annealing (600 °C, 60 min; 1000 °C, 30 min in
N2) is demonstrated. The dose dependence as well as the influence of the
substrate temperature (RT to 400 °C) on the ion beam sysnthesis process was
studied. The quality of the silicide microstructures were investigated by SEM,
EDX and electrical measurements.

[1] A.E. White et al., Appl. Phys. Lett. 50, 95 (1987)
[2] L. Bischoff et al., Microelectronic Engineering 21, 197 (1993)
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Ion Beam-Induced Ostwald Ripening and Silicide Growth in Silicon

M.-O. Ruaultl. J. Clayton1, C. Hardit1, 0. Kaitasov1, H. Bernas1, S. Reiss2 and
K.H. Heinig2

1CSNSM-IN2P3, 91405-Orsay, France
2Institut fur Ionenstralhphysik und Materialforschung, D-O-8501 Dresden,
P.O.Box 19, Germany

A study of the initial stages of precipitate formation, growth and coalescence is
essential to the understanding and control of buried silicide layer formation. In
order to separate diffusion-limited precipitate growth, coalescence and Ostwald
ripening, we have performed in-situ transmission electron micoscopy studies of
the influence of ion flux and sample temperature on CoSi2 precipitate formation
and growth in Si during 50 keV-Co implantation. The ion flux was taken
between 1 to 10x10 H Co.cm^s"1 and the implantation temperatures ranged from
400 to 650 °C. This is the temperature range in which significant Ostwald
ripening sets in. We have analyzed the size distribution evolution and the
density variation for increasing fluences. The precipitate size distribution and its
evolution allow the first detailed study of ion-induced Ostwald ripening. Taking
into account both Ostwald ripening and diffusion limited growth, a molecular
dynamics modelling of these results is underway. We also demonstrate the
coexistence of Ostwald ripening and coalescence.
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Formation of Metal Germanides by Ion Implantation

N. Dvtlewski and P.J. Evans
Australian Nuclear Science and Technology Organisation, Lucas Heights,
NSW, Australia

Metal ion implantation into silicon can form metal-silicides, as the
compound system formed is relatively hard and resistant to sputtering,
which permits the large dose implantations necessary to reach the required
stoichiometric ratios. Little work has been done on the formation of metal
germanides by ion implantation, and so the question arises as to whether a
hard compound phase formation will dominate over the sputtering effects
in the short ion implantation range (~ 500 A) in Ge. We present results of
ion implantation of Ti, Cu and Pd ions into Ge using a MEWA implanter,
to form thin surface layers of TiGe2, C^Ge and PdGe.
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Structural & Optical Properties of Ternary CoxFey Siz layers Formed in
Silicon by Ion Beam Synthesis

M.A. Harry, M.S. Finney, K.J. Reeson. G. Curello, Z. Yang, R.M. Gwilliam and
B.J. Sealy
Dept Electronic & Electrical Engineering, University of Surrey, Guildford,
England
Ternary silicide layers were fabricated by the implantation of 200 keV Fe+ and
Co+ ions. Two sets of samples with different iron to cobalt ratios were prepared.
In the first set of samples cobalt was im- planted first followed by iron, in the
second set the implant order was reversed. In all cases a total Fe + Co dose of
5x10 cm"2 was used. When Fe is implanted first (for doses 1.5x10 Fe cm2)
the layers are polycrystalline and remain so, during annealing. However, when
Co is implanted first (for doses 1.5xlO17 Co cm2) epitaxial layers are produced,
after implantation, and the crystal quality of these layers improves with
increasing annealing temperature. For samples with cobalt doses > 2.5x1017 Co
cm'2 (where Co was implanted first) segregation of the iron and cobalt within the
synthesised layer is observed. Grazing incidence X-ray diffraction results using
Synchotron radiation suggest the presence of a ternary CoxFeySiz phase.

For Co doses < 1x1016 Co cm2 a photoluminescence signal is observed after
annealing at 900 °C, optical absorption measurements from these samples
indicate a direct band gap of 0.87 eV. For Co doses = lxlO16 Co cnr2 a second
band gap is observed, which we attribute to the presence of a ternary CoxFeySiz
phase. For Co doses > lxlO16 Co cnr2 no PL signal is observed.
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Temperature and Dose Dependence of Damage Production in Si+ and Se+

Implanted InP

E. Wendler. P. Muller, W. Wesch, and T. Opfermann
Institut fur Festkbrperphysik, Friedrich-Schiller-UniverstSt Jena, Max-Wien-
Platz 1, D-07743 Jena, Germany

The damage production during ion implantation at room temperature in
various III-V-compounds shows remarkable differences: The results for GaAs
and InAs indicate a strong influence of defect rearrangement and defect
annealing during the implantation, whereas in GaP and InP the primarily
produced defect clusters seem to be almost stable. This might be related to the
fact that the mobility of defects (probably of the group-III-vacancy) starts for
instance in GaAs at 250 K but in InP only at 350 K. If this idea is correct,
during implantation in InP at about 400 K a similar behaviour is to be expected
as during implantation in GaAs at 300 K. To study this in detail, we have
performed a systematic investigation of the damage production in the
temperature range between 60 °C and 120 °C. 300 keV Si+ and 600 keV Se+ ions
were implanted into <100> InP with ion fluences up to 1 xlO16 cm2 for each
temperature. The resulting damage was analyzed by means of Rutherford
backscattering spectrometry in combination with the channeling technique.
Different defect-production models were applied to represent the experimental
data.
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Channeling and TEM Analysis of Radiation Damage in Ion Implanted and
Pulse Electron Beam Annealed InP

H.W. Alberts. I.J. Bredell and T. Hauser
Department of Physics, University of Pretoria, Pretoria 0002, South Africa

InP single crystals were implanted at room temperature with 150 keV Xe+ ions
at doses of 5xlO13 and lxlO14 ions/cm2. At these fluences an amorphous
surface layer was formed. The recrystallization process was studied for
various crystals subjected to pulsed electron beam annealing (PEBA) at
variable energy densities up to 0.7 J/cm2. The damaged and recrystallized
crystals were analyzed with backscattering and channeling of 2.0 MeV a-
particles. The channeling results obtained for different annealing steps were
correlated with the more qualitative results obtained from corresponding TEM
investigations.
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The Influence of Implantation-Induced Non-Stoichiometry on Solid-Phase
Epitaxial Growth of GaAs

K. Belay and M.C. Ridgway
Department of Electronic Materials Engineering, Research School of Physical
Sciences, Australian National University, Canberra, ACT 0200, Australia

The influence of implantation-induced non-stoichiometry on the Solid Phase
Epitaxial Growth of GaAs has been investigated. Implantation of Ga and/or As
ions was used to produce an amorphous layer in the near-surface region of
semi-insulated GaAs samples. During subsequent annealing in air at a
temperature of 260 °C, in situ Time-Resolved-Reflectivity was used to calculate
the epitaxial growth rate of the recrystallised layer. Samples were also
characterised with Rutherford Back scattering Spectroscopy and Transmission
Electron Microscopy. In general the recrystallised material consists of a thin,
single crystal layer bordered by a thicker twinned layer. Non-stoichiometry
results in a roughening of the amorphous/crystalline interface and the
transformation from planar to non-planar regrowth. The onset of the
transformation and the rate thereof increases as non-stoichiometry increases
with Ga- and As-rich samples exhibiting relatively similar behaviour. The
influence of strain on the transformation is being characterised with Double
Crystal X-Ray Diffraction. Non-stoichiometry can be achieved on a
macroscopic scale via Ga or As implants or on a microscopic scale via Ga and
As implants. The influence of the former is greater than the latter.
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Measurement of Damage in keV Ion Implanted GaAs by Differential
Reflectance Spectrosoopy

P. Kraisin^decha1. M. Gal1, H.H. Tan2 and C. Jagadish2

1School of Physics, University of New South Wales, Kensington, NSW 2033,
Australia
2Department of Electronic Materials Engineering, Research School of Physical
Sciences & Engineering, Australian National University, Canberra, ACT 0200,
Australia

Measurement of low levels of damage in ion implanted GaAs is of
technological interest. Rutherford Backscattering Spectrometry-Channeling
(RBS-C) and Transmission Electron Microscopy (TEM) are widely used to
measure high levels of damage whereas photoluminescence (PL) and deep
level transient spectroscopy (DLTS) are employed to measure low levels of
damage. In this study, a novel optical technique based on differential
reflectance (DR) is used to measure damage distributions in ion implanted
GaAs.

A large number of samples of GaAs were implanted with keV energies of H,
He, Si and As ions at doses in the range of 109 - 1014 cm2. One half of the
samples were masked during implantation to retain reference sample with
respect to which DR has been measured. In order to obtain damage profiles,
DR was measured and a thin layer of 100 A was chemically etched and
measurements were repeated. The area under the DR signal measured at
successive steps is plotted as a function of depth. At low doses a close
agreement between the damage profile measured by DR and the displaced
atom distribution calculated by using TRIM. At high doses, DR signal is found
to be saturated. In summary, we have shown the sensitivity and quantitative
nature of DR for the measurement of low levels of damage in ion implanted
GaAs.
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Electrical Characterization of Defects Introduced by High Energy
Carbon Implantation in n-GaAs

S. A. Goodman1. F. D. Auret1, G. Myburg1 and S. Mills2

department of Physics, University of Pretoria, Pretoria 0002, South Africa
2National Accelerator Centre, P. O. Box 72r Faure 7131, South Africa

Epitaxially grown n- and p-GaAs layers were implanted with 100-175 MeV
carbon- (C) ions in a separated-sector cyclotron. Using deep level transient
spectroscopy (DLTS) in conjunction with Schottky barrier diodes (SBDs), several
electron and hole defects were detected. A comparison of the DLTS "signatures"
of C-ion implantation induced defects with those of defects introduced by
electron- and alpha-particle irradiation indicated that C-ion implantation
introduced simple point defects as well as more more complex defects. One of
these (presumably) more complex defects, EC3, exhibited a metastable behavior
and has the same electronic properties as the Ea3 metastable defect introduced
by alpha-particle irradiation. Annealing in an argon athmosphere showed that
whereas some defects could be removed at and below 250 °C, others were stable
at temperatures of as high as 400 °C.
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Crystalline Structures of Implanted Layer and Photoluminescence of MeV-Yb
Ions Doped InP

S. Uekusa1, H. Sai1. H. Katsumata1 and M. Kumagai2

department of Electrical Engineering, School of Science and Technology,
Meiji University, 1 Higasimita, Tamaku, Kawasaki, Kanagawa 214, Japan
2Kanagawa High-Technology Foundation, 3-2-1 Sakado Takatsu-ku,
Kawasaki, Kanagawa 213, Japan

The crystalline structures of implantation layer of InP:Yb and the Yb3+-4f-
emission in the defective region were investigated. Ytterbium-ions of high
energy (2 MeV) were implanted into InP substrates with a dose of lxlO13 cm2.
Subsequently InP:Yb was annealed for 15 min at 450 °C - 750 °C [1]. Then it
was etched for various depth in order to study the crystalline structure and
optical activity of Yb3+ of the layer using Raman scattering spectroscopy and
photoluminescence methods. Characteristic Yb3+-4f-emission in PL spectra
and a LO phonon peak in Raman scattering spectra were observed,
respectively. The Yb3+-4f-emission from etched surfaces quenched in the
defective region, in this defective region LO phonon peak shifts to low
frequency. Both feature of PLE spectra depending on the depth and the relation
between Yb concentration and intensity of Yb3+-4f-emission were clarified. For
clarification of this point, we utilized that Yb concentration depended on etched
depth, because the depth profile of Yb concentration was Gaussian
distribution. Rutherford Backscattering measurement, as well as the results
of Raman scattering measurement indicated the residual defects in implanted
region after thermal annealing. Morever, we'll discuss the change of
luminescent properties due to the difference of Yb concentrations.

[1] S. Uekusa, A. Majima, H. Katsumata and Y. Noyori, Mater. Rec. Soc.
Symp. Proc. 301, 201 (1993).



10.063
AU9716498

Ion Implantation Damage of InP and InGaAs

U.G. Akanp and I.V. Mitchell
Department of Physics, University of Western Ontario, London, Ontario,
Canada, N6A 3K7

The damage accumulation and damage annealing processes in ion bombarded
InP and InGaAs have been studied. Epitaxial InP and InGaAs layers on (100)
oriented InP were implanted with O, Fe or In ions to produce a Rp of 0.5 am in
each material for ion doses from 1012 to 1016 cm2, implant temperature from 80
to 423 K, and beam flux of 0.01 to 2 uA cm2. The retained displacement damage
following implantation, and following RTA at 623-1073 K, was analyzed by the
Rutherford backscattering/channeling technique. The results show that for both
InP and InGaAs implanted at T < 295 K, the diplaced atom density scales
roughly with the energy deposited into elastic collisions by each ion type. The
transition from the crystalline to the amorphous state is influenced significantly
by the implantation temperature being more pronounced in InGaAs than in InP.
At a given implant temperature > 295 K, the displaced atom density, Nd,
exhibits a power-law dependence (Nd = aJn) on the beam flux J. The Fe chemical
profile in selected Fe-implanted samples were determined using SIMS. The
annealing characteristics of the damage, and the role of the implant conditions
on the redistribution of Fe following RTA will also be discussed.
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Amorpbization, Recrystallization and Topography of InP and GaAs by Ion
Bombardment at Room Temperature

W,H. Gries1. K. Miethe1 and O. Hoinkis2

iResearch Center, FTZ Telekom, P.O. Box 10 00 03, 64276 Darmstadt, Germany
2Werkstoffe der Elektrotechnik (E. Kubalek), University Duisburg, 47057
Duisburg, Germany

Beam-induced amorphization, recrystallization and topography development
are important modifications of ion-bombarded semiconductor materials.
Among these materials, InP stands out for the extreme topography
development in the wake of room-temperature beam-induced recrystallization.
The latter has been shown [1,2,3] to be initiated at the amorphous/crystalline
interface and to lead to cone growth on the surface, which, in competition with
sputtering, gives rise to the observed topography. Room-temperature
beam-induced modifications of GaAs are similar to those of InP, but without
giving rise to on-surface cone growth. Oblique beam incidence causes the
development of a characteristic ripple structure on an originally mirror-like
surface of GaAs. There is evidence that the ripple structure is
recrystallization-affected [4]. Damage investigation by infrared luminescence
microscopy (IRLM, optimized at the Telekom Research Center) has helped in
shaping the present picture of the mechanisms behind the processes of beam-
induced amorphization and recrystallization in InP, GaAs and similar
semiconductors. Results from IRLM and other investigations are to be
presented.
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[4] W.H. Gries, in Secondary Ion Mass Spectrometry SIMS VIII (Proc. 8th

Int. Conf., eds. Benninghoven/Janssen/Tumpner/Werner, Wiley,
Chichester, 1992), pp. 323.
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Dose Rate Effects during Room Temperature Implantation in GaAs

W. Wesch. E. Wendler, T. Bachmann and O. Herre
Institut fur Festkorperphysik, Friedrich-Schiller-Universitat Jena, Max-Wien-
Platz 1, D-07743 Jena, Germany
The influence of the dose rate on the damage production is investigated for 600
keV Si+ and 1.6 MeV Ar+ implantation into GaAs at room temperature. For a
fixed ion dose it is found that the defect concentration in the maximum of the
measured distribution increases with increasing dose rate. In the case of low
dose rates the shape of the defect concentration correlates well to the energy
density deposited into nuclear processes which is calculated by TRIM
simulations. But for high dose rates a strong deviation occurs between the
measured damage distribution and the profile of the nuclear deposited energy
density. The amorphous layers remaining at high dose rates are much
thinner as it would be expect from the TRIM simulations. A possible
explanation for this behaviour may be ion beam induced crystallization which
seems to occur preferably at high beam currents. To study this effect in detail
for various dose rates the ion fluence is varied.

Work supported by the Bundesministerium fur Forschung und Technologie, project 211
-40O3-03-GO3JEN5



1 0 0 b 6 AU9716501

Dose Rate and Temperature Effects on Amorphisation of GaAs during Si
Implantation

R.A. Brown1-2 and J.S. Williams2
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2Department of Electronic Materials Engineering, Research School of Physical
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Recent measurements of damage accumulation in Si have shown that the
implantation temperature and ion dose rate may be controlled to define critical
regimes where the rates of damage introduction and dynamic annealing are
closely balanced. In such cases the onset of amorphisation has been shown to
be controlled by a thermally activated process with a single activation energy
for a given ion.

The results of similar measurements for ion implantation of Si into (100) GaAs
will be presented. For a given dose and dose rate, a critical temperature may be
defined, above which GaAs is not amorphised. An Arrhenius plot of this
balance between ion dose rate and implantation temperature reveals a linear
relationship with an activation energy of 0.9 ±0.1 eV.

Mechanisms for amorphisation will be discussed in the light of this results.
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The Influence of Non-Stoichiometry on the Electrical Activation of Ion-
Implanted InP

CM. Johnson. M.C. Ridgway and P. Kringh0j
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Sciences and Engineering, Australian National University, Canberra,
Australia

The electrical activation of dopants implanted in compound semiconductors is
particularly sensitive to deviations from ideal stoichiometry. This study has
investigated electrical activation and carrier mobility as a function of ion dose
of group IV and group VI elements implanted into InP. By co-implanting the
samples with In or P at comparable doses, a stoichiometric imbalance is
induced. Experimental conditions for the present study made it possible to
account for other factors potentially influencing the electrical activation such
as the gettering of background dopants, implantation-induced disorder,
dopant-defect complexes and native-defect compensation. Implantations at
doses of 1013 -1016 /cm2, were conducted with samples annealed at 800 °C for 10
sec. Hall measurements show that increased electrical activation occurs for
the group IV elements (Ge and Sn) co-implanted with P. This is attributed to
the amphoteric behaviour of Ge, and the reduction in dopant-defect complexes
for Sn. Co-implantation with In had a significantly lesser effect than that
observed for P. The effect of non-stoichiometry upon the electrical activation of
group VI elements (Se and Te) is also under investigation. In particular, the
size similarity of In and Te, is such that Te may exhibit amphoteric character
and hence, co-implantation can potentially yield increased electrical
activation.
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The Effect of Defects Introduced during Sputter-Deposition of Schottky
Contacts to GaAs on their Rectification Characteristics

Y. le Clgrc. F.D. Auret, S.A. Goodman, G. Myburg and C. Schutte
Department of Physics, University of Pretoria, Pretoria 0002, South Africa

Gold (Au) Schottky barrier diodes (SBDs) were deposited on epitaxially grown n-
and p-GaAs layers in RF and DC sputter systems at different power conditions.
The SBD properties were determined by current-voltage (I-V) and capacitance-
voltage (C-V) measurements while deep level transient spectroscopy (DLTS) was
employed to study the sputter-deposition induced defects. The results showed
that the barrier height of SBDs on n-GaAs decreased with increasing voltage,
while for p-GaAs the opposite was observed. The origin of this barrier height
modification is ascribed to the sputter-deposition induced surface and sub-
surface disorder which introduces electrically active defects with defect levels in
the bandgap. DLTS depth profiling showed that the concentration of these deep
level defects decreased away from the interface into the substrate and that in
undoped n-GaAs the defect distribution profile extended much deeper into the
substrate than in doped GaAs. The results also indicated that one of the sputter-
deposition induced defects in n-GaAs is a defect-dopant (Si) complex.
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A Comparative Study of Carrier Compensation and Deep Levels Created by
Low Dose Implantation of Hydrogen, Oxygen and Silicon into MOCVD grown
n-GaAs

H.H. Tan. J.S. Williams and C. Jagadish
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, The Australian National University, Canberra,
ACT 0200, Australia

Carrier compensation and deep levels created in MOCVD grown n-GaAs by
low doses of H, O and Si implantation (1 x 108 - 1 x 1010 cm'2) are investigated by
capacitance-voltage (C-V) profiling and Deep Level Transient Spectroscopy
(DLTS) technique. Energies of 600 keV were used for H implants and 1.2 - 1.5
MeV for O and Si implants. The only deep level present in the starting
material is EL2. H implantation creates at least 5 additional deep levels which
are quite easily distinguishable. One of the observed traps with energy level
(Ec-0.40 eV), has a signature which is remarkably similar to that of EL5 and
has not previously been reported in proton irradiated GaAs. This trap is
reasonably stable up to a temperature of about 600 °C. With O and Si implants,
the resulting DLTS spectra are complicated by a broad peak corresponding to
the so-called U-band and a shoulder which has a signature similar to that of
EL6. This U-band is also observed in H implanted samples in much lower
concentration than that created by the heavier ions. It has been proposed that
the broad band nature of this peak is due to the interaction between the EL6
and EL2 levels. The annealing behaviour of this U-band provides further
insights to the interactive nature of EL6 and EL2. The properties of other deep
levels and the temperature dependence of carrier compensation will also be
discussed.
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Band Structure Engineering of Quantum Wells by Proton Irradiation
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Quantum well intermixing is of great interest in optoelectronic devices as it
provides a novel way of fine tuning the band gap energy of the well. Ion
irradiation is a simple way to induce the intermixing and hence the band can
be carefully tailored to modify the optical properties of the well. This technique
is of great technological importance because of its ability to selectively fabricate
integrated optoelectronic devices of differing functionality on the same wafer.
In this work, keV protons are used to create the intermixing of quantum wells
based on GaAs-AlGaAs system. The advantages of using protons include their
large penetration depth and also the induced defect density is dilute enough
not to degrade the optical properties of the well. At reasonably low irradiation
doses, a significant shift of the photoluminescence (PL) is achievable without
any further annealing step. Even at higher doses, rapid thermal annealing is
able to restore the PL signal and at the same time create the wavelength shift.
The interesting results of this work is that we are able to create either a red or
a blue shift, depending on the irradiation conditions.
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Bandgap Tuning of Semiconductor Quantum Well Laser Structures Using
High Energy Ion Implantation
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Until now, most of the work related to quantum well (QW) intermixing, in the
fabrication route for integrating optoelectronic devices and forming photonic
integrated circuits, has been based on low energy (<100 keV) ion
implantations. With this technique, tuning of the QW bandgap is achieved by
the thermally-assisted diffusion of vacancies (created by the ion implantation)
across the QW-barrier interface. The drawback of this technique for use with
waveguide structures is that the active region is ~2 am from the surface, i.e. 50
times the expected range of the ions. In this work, ion induced QW
intermixing using high energy (2-8 MeV) As+ and P+ ions has been
demonstrated, for the first time, as an effective technique for achieving
spatially selective tuning of QW laser structures (InGaAs/GaAs and
InGaAs/InP). Work illustrating the effects of implantation dosage, energy, ion
current density and implant temperature using high energy ions will be
presented. It is shown to be an excellent alternative to low energy implantation
in monolithically integrated optoelectronic devices of differing functionality on
a single semiconductor substrate.
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Novel Optical Features in Cd+ Ion-Implanted LEC-Grown GaAs

Y. Kawasumjl.2. Y. Makita1, S. Kimura1, T. Iida1, A. Yamada1, H. Shibata1,
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Through our studies on acceptor-doped GaAs many unidentified emissions
associated with acceptor impurities were found in its low temperature
photoluminescence (PL) spectra when ultra-pure undoped GaAs wafers
having residual donor concentration of ~1015 cm 3 were used as substrates.
Until now they were exclusively not obtained for LEC-grown GaAs. Recently
residual donor concentration in LEC-GaAs was dramatically reduced to
- l x lO 1 6 cm"3 and we demonstrate in this work that these emissions are
practically formed in Cd+ ion-impinged LEC-grown GaAs.

Cd+ ion having the largest acceptor activation energy among four non-
amphoteric shallow acceptors in GaAs was implanted into LEC-GaAs with Cd
concentration, [Cd] between lxlO16 and 3xlO21 cm3. After annealing at 850 °C
for 20 min, samples were evaluated by PL and Hall-effect measurements. In
the PL spectra an emission, [g-g] due to acceptor-acceptor pairs together with
the well-established conduction band to Cd acceptor transition, (e,Cd), was
dominantly observed, [g-g] presents a steep red energy-shift with increasing
[Cd]. Net hole concentration, I N A - N D ' , determined by Hall effect
measurements indicates that [g-g] is formed between INA-ND I = 1.5xlO17 and
3.24xlO18 cm-3. Activation rate (I NA-ND I/[Cd] ) was 1.4% for [Cd] = 3xlO21

cm 3 . We for the first time confirmed that acceptor-acceptor pair emissions
can be established also in LEC-GaAs without using epitaxial layers in a very
explicit manner.
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Implant Isolation in N-Type InP Implanted wth Low and High Energy He+

andB+

V. Sargunas, D.A. Thompson and J.G. Simmons
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Ion irradiation is used to produce high resistivity regions in both n- and p-type
InP that can be used for device isolation and current guiding. In the work
reported here an extensive study has been carried out to investigate the
changes in the electrical properties of n-type InP, doped in the range 2.5xlO16 -
4.4x1018 cm3, and bombarded with 55 keV He+ and 125 keV B+. In addition we
have explored the use of MeV He+ bombardment to produce deep regions of
high resistivity. For the keV bombardments the resistivity initially increases
with ion dose and reaches a maximum at ~5xlO13 cnr2 independent of the ion
species and initial carrier concentration. However, at the lowest doses, <10*3

c m 2 , the carrier removal rate is directly dependent on the carrier
concentration. These results will be discussed in terms of the production of
various defects and defect/dopant interactions. For doses >1014 cm"2 all
samples exhibit identical resistivity values consistent with the onset of hopping
conduction. For the MeV bombardments the damage profile can be split into
two regions, (i) near the surface a fairly uniform defect density with depth is
produced and (ii) a deep peak with a higher defect density by a factor of ~5. The
resistivity vs dose behaviour is similar to that for the keV ions and we show
that it is possible to separate the resistance contributions from the two regions
by their relative defect densities obtained using TRIM.
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Silicon Implant Activation Annealing Kinetics in GaAs

R. Gwilliam. R. Apiwatwaja, R. Wilson and B.J. Sealy
Department of Electronic and Electrical Engineering, University of Surrey,
Guildford, Surrey GU2 5XH, U.K.
A detailed study of the activation kinetics of silicon implanted GaAs has been
carried out for implantation energies ranging from 100 keV to 2 MeV, with ion
fluences chosen to give silicon concentrations in the useful range of between
1017 and 1019 Si/cm3 for all the implant energies studied. Anneal times have
been varied over three orders to give information relating to both RTA and
furnace anneals with the temperatures being varied from 700 to 1150 °C. The
effect of compositional changes in the dielectric encapsulent has also been
studied and shown to be a major variable in the activation mechanism. SIMS
analysis has been compared with TRIM simulations to give information on the
atomic concentration of the implanted silicon. Following annealing,
differential Hall effect measurements have been used to obtain electron
concentration and mobility profiles for comparison with the atomic
concentration and implant induced disorder profiles. In this paper, the role of
implantation damage, vacancy distribution and implant dopant concentration
will be discussed in conjunction with a model for the activation of silicon
implants in GaAs.
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High Energy Si, Zn and Ga Ion Implantation Into GaAs on Si

M, Tamura and T. Saitoh
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MeV energy Si, Zn and Ga ion implantation and post-growth annealing have
been adapted to eliminate threading dislocations in GaAs on Si.

A 3 jim-thick GaAs film was grown on tilted (3° toward [110]) Si (001) wafers by
the molecular beam epitaxy. The samples after growth were implanted at
room temperature with lxlO15 cnr2/1.7 MeV and 5xlO15 cnv2/2 MeV Si, 5xlO15

cm-2/3 MeV Zn, and lxlO15 cnr2/2.7 MeV and 5xlO15 cnr2/3 MeV Ga ions. The
samples were then annealed by either the rapid thermal annealing or the
furnace annealing system. Conventional and high resolution cross-sectional
TEM, and SIMS were used to investigate defect structures and impurity
profiles, respectively.

Si implantation showed the most effective result for elimination of dislocations
in the near surface region in a GaAs film. However, no appreciable reduction
effect of dislocations was realized by both Ga and Zn implantation. These
adverse effects of impurities on the behavior of dislocations were caused by the
movement of implanted impurities during annealing. Si little diffused during
annealing at high temperatures such as 900 and 1000 °C, while Zn showed a
rapid diffusion toward the surface side. From these results, elimination of
dislocations by adapting high-energy implantation and annealing was
considered to be resulted from dislocation climb by adsorbing vacancies
introduced by implantation.
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Electrical Properties of S Implanted GaAs Annealed by Covering with As
Doped a-SüH Films
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2 kev S+ ions were implanted into un-doped semi-insulating GaAs wafers with
doses of 3xlO13 - 3xlO14 cm2 at room temperature. The GaAs surface was
scarcely sputtered during ion implantation. The surface of the S+ implanted
GaAs was encapsulated with an about 100 nm a-Si:H film with 2xlO20 cm3 of
As atoms. The samples were annealed in Ar atmosphere at 850-1000 °C for 15
min. The As doped a-Si:H film did not crystallized even after annealing at 1000
°C. The sheet carrier concentration increased nearly linearly with an increase
in annealing temperature and implant dose. A maximum electrical activity of
about 0.85 was reached on the sample annealed at 1000 °C after implanted with
a dose of 3xlO13 cm"2. The electrical activity was much higher than that in
other literature. The carrier concentration, however, was lower than the
concentration of the implanted S atoms everywhere in the annealed implanted
GaAs. Furthermore, the diffusivity of the implanted S atoms was reduced in
the region with the lower electrical activity. The fact is because of the
formation of complexes in the region.
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A Study of MeV As and Ga Ion Implanted GaAs
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Low temperature GaAs (LT-GaAs) grown, at around 200 °C, by molecular
beam epitaxy (MBE) has drawn considerable attention due to its application in
electronic and optoelectronic devices. This LT-GaAs has been found to contain
excess arsenic either in the antisite and/or non regular interstitial positions.
LT-GaAs annealed at 600 °C eliminates backgating when used as buffer layer
in metal semiconductor field effect transistors (MESFETs) and shortens
response time in photoconductive switches and photo detectors down to few
picoseconds. Creation of non-stoichiometric GaAs by ion implantation has the
advantage of incorporation of controlled amounts of excess As or Ga and also
has the flexibility of creation of this non-stoichiometry in the localised regions
on a wafer. However, the disadvantage of the ion implantation is that it creates
lattice damage and post-implant annealing is necessary to recover the crystal
lattice damage.

Semi-insulating GaAs wafers were implanted with either 5 or 2 MeV As or Ga
ions to different doses in the range 1012 to 1016 ions/cm2. These samples were
annealed in the temperature range of 400-800 °C for different durations (20 -
120 min) under arsine ambient in an MOCVD reactor. Electrical transport
measurements showed the decrease of resistivity of as-implanted samples
with increase in implantation dose. Annealing of the implanted samples led to
the increase in resistivity with highest values achieved for an annealing
temperature of 600 °C. Optical absorption spectra showed an exponential tail
starting from 0.85 eV and extending up to GaAs band edge. Annealing of the
samples led to the reduction in the absorption tail possibly due to recovery of
crystal lattice damage. EPR spectra showed an As antisite defect quadruplet in
the samples implanted with high doses of As and the amplitude of the
quadruplet increased with implantation dose. Annealing of the samples at 600
C led to the decrease of EPR signal amplitude. Temporally resolved

photoluminescence measurements performed at the emission wavelengths
close to the band gap showed life times in the range of 3-19 psec which are
comparable with those values observed in LT-GaAs.

ACKNOWLEDGMENTS: This work is partially supported by the Australian Department of
Industry, Science and Technology, the Polish Committee for Scientific Research Grant No.
3P407 025 06 and International Science Foundation.
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Electrical Characterization of Magnesium and Tellurium Implanted
InxGai.xAs

M. AniumL*. B.J. Sealy2, K.V. Krishna2 and W.P. Gilla2
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There has been a great deal of interest in the InGaAs material system, both
lattice matched to InP as well as material grown pseudomorphically on GaAs
because its importance to opto-electronic devices. In this paper we present
some preliminary observations on the electrical properties of InxGai_xAs on
GaAs substrate implanted with magnesium with x varying between 0 to 60 %.
Our results indicate that p-type activity is difficult to realize in InxGai-xAs for
x>50 %.

We also report results of tellurium implanted into LPE grown Ino.53Gao.47As
lattice matched to InP. About 600 Angstroms of r.f. sputtered A1N encapsulant
was used to carry out 30 s isochronal anneals in an optical furnace at
temperatures of 600, 700 and 800 °C. Differential Hall effect measurements
were performed to provide dopant depth profiles. Good dopant activation and
mobilities were obtained.



10.079
iiuiinii

AU9716514
Shallow Acceptor Behavior of Calcium in GaAs
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We report for the first time the shallow acceptor behavior of calcium in GaAs.
Wafers used in this work were (100) undoped semi-insulating GaAs(LEC). Ca+

ions were implanted at multiple energies of 400, 320 and 170 keV. The Ca
concentration, [Ca], was ranged from 3xlO16 to lxlO20 cm"3. Samples were
annealed at 850 °C for 20 minutes in H2 atmosphere. Characterization was
made by photoluminescence (PL) as a function of excitation power and of
measurement temperature and also by Hall measurement. In 2 K PL spectra,
a transition from conduction band to shallow Ca acceptor (e, Ca) is found at
831.4nm. A binding energy of 28.4 meV for Ca is obtained. The emission "g",
which is strongly related to shallow impurity in GaAs like C, presents in all
Ca+ implanted GaAs samples and its intensity increases with increasing [Ca],
confirming that Ca is a shallow impurity in GaAs. In addition, an sharp
emission SM at 823 nm is considered to be excitons bound to Ca in a deep
energy level. Temperature dependence PL spectra show that 831.4 nm band
exists at temperature as high as 40 K while in unimplanted sample, 831.4 nm
band quenches at temperature below 20 K, which supports our (e, Ca)
assignment talked above. Hall measurements show that all the samples are p-
type conductivity and the maximum average hole concentration obtained is
2xlO17 cm3 . All the results indicate that Ca is a shallow acceptor impurity in
GaAs.
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Investigation of the Annealing Behaviour of 15N in GaAs and InP

J. Likonen1. T. Ahlgren2, K. Vakevainen2, J. Raisanen2, E. Rauhala2, and J.
Keinonen2
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Concentration profiles of nitrogen in vacuum-annealed single crystal (100)
semi-insulating GaAs and InP implanted with lxlO16 30 keV 15N+ ions/cm2

have been studied by the secondary ion mass spectrometry (SIMS) and nuclear
resonance broadening (NRB) techniques. Annealing the GaAs and InP
samples above 700°C and 500°C, respectively, led to loss and redistribution of
nitrogen. By determining the solubilities of nitrogen in GaAs and InP and
using the measured loss values, estimates for the nitrogen diffusion
coefficients at various temperatures could be deduced.
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Electrical Activation Process of C Implanted Semi-Insu lati ng GaAs

K. Kurivama1. Takashi Kato1, K. Tomizawa1, Yukimi Takahashi1*, Y. Aoki2,
H. Takeshita2, S. Yamamoto2 and H. Naramoto2
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*Present address: Technical Laboratory, Citizen Watch Co. Ltd., Saitama 359,
Japan

Carbon is a useful dopant for the fabrication of shallow p-n junction in GaAs
because of its low diffusion coefficient. Semi-insulating GaAs has been
implanted with C-fluences ranging from 1013 - 1016 ions/cm2 at an energy of 1
MeV. Rutherford Backscattering studies show that the implanted layer
remains to be kept crystalline. As-implanted samples show the Mott variable
range hopping (VRH) conduction at a temperature ranging from 50-180 K.
Activation type conduction with very small activation energy (< 2 meV) is
observed below 50 K. VRH is observed in samples annealed below 500 °C.
Occurence of photoquenching of VRH indicates the existance of EL2-like
defects lying at near mid-gap. 600 °C-annealing results in electrically activated
C, accompaning by an increase in conductance. Activation percentages are
- 1 % for 600 °C-annealed samples and -10% for 800 °C annealed samples. The
depth profile of implanted C is also evaluated by nuclear reaction analysis
using l2C(d,p)13C.
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Defects in GaAs

A. Wilson, F.D. Auret. G. Myburg and H.K. Schmid
Department of Physics, University of Pretoria, Pretoria 0002, South Africa

Undoped and Si-doped epitaxially grown n-GaAs layers were neutron-
irradiated in a U-235 reactor to study the defects which are introduced during
neutron transmutation doping of GaAs. Deep level transient spectroscopy
(DLTS), utilizing Palladium Schottky barrier diodes (SBDs), was used to study
the irradiation induced defects, while current-voltage (I-V) and capacitance-
voltage (C-V) measurements were employed to analyze the effect of these
defects on the irradiated SBDs and GaAs. Several electrically active defects
with energy levels between 0.04 eV and 0.7 eV below the conduction band
defects, were detected. The electronic properties of some of these defects are the
same as those of defects introduced during high energy electron irradiation of
GaAs, i.e. they have a point defect nature. One of the neutron irradiation
defects displayed a metastable behaviour while another seemed to be due to a
spatially extended defect. Transmission electron microscopy (TEM) confirmed
the presence of large cluster-like defects in GaAs which was irradiated by
neutrons in a reactor.
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Activation of Mg after Ion Implantation in SI-InP by means of EB-RTA
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EB-RTA (Electron Beam-Rapid Thermal Annealing) allows short-time
temperature treatments with precise process control. An argument speaking
against an application to InP is the high vapour pressure of the phosphorus.
At temperatures > 500 °C and without covering of the sample, this leads to a
destruction of the sample surface. If the sample is placed in a special mount of
graphite during the tempering process, high annealing temperatures are
reached without destruction of the crystal lattice. Electric activation of the
implanted Mg ions takes places in a tempering process of only a few seconds.
Subsequently the properties of the annealed material were examined by means
of DLTS, Channeling-RBS and various electrical measuring methods.
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Electronic and Annealing Properties of He-Ion Implantation Induced Defects
inGaAs

F.D. Auret. S.A. Goodman, R.M. Erasmus, W.E. Meyer and G. Myburg
Department of Physics, University of Pretoria, Pretoria 0002, South Africa

Palladium Schottky barrier diodes (SBDs), fabricated on epitaxially grown, Si-
doped n-GaAs, were implanted with He-ions from a Van de Graaff accelerator
at 2.5 MeV and from an Am-241 radionuclide. Deep level transient
spectroscopy (DLTS) was used to study the implantation induced defects, while
current-voltage (I-V) and capacitance-voltage (C-V) measurements were
employed to analyze the effect of these defects on the SBDs and GaAs. Several
defects, including two metastable defects, were detected in the upper half of the
bandgap. The concentration of the most prominent of these two defects, Ea3,
increased with increasing free carrier concentration, indicating that it may be
a defect complex involving the dopant (Si). The Ea3 can be removed by injecting
holes at low temperatures (90 - 140 K) and can be re-introduced during zero
bias annealing above 160 K or reverse bias annealing above 190 K. The degree to
which alpha- particle implantation modifies GaAs (i.e. the number of free
carriers removed) therefore depends on the configurational state of the
metastable defects.
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Channeling Studies in MeV Au Ions Implanted GaAs crystals

G. Kuri, B. Sundaravel, P.P. Mahapatra and B.N. Dev,
Institute of Physics, Sachivalaya Marg, Bhubaneswar- 751005, India

Semi insulating GaAs(lOO) single crystals have been implanted with 1.43 MeV
Au++ ions to a total fluence of 2.6 x 1015 atoms/cm2 at room temperature. The
samples, subsequently vacuum annealed at 500 °C, 600 °C, 700 °C and 850 °C
for 30 minutes have been studied by Rutherford back scattering (RBS) and
channeling techniques using 3.07 MeV 10B+ ions. The relative composition of
Ga and As, determined from the X-ray spectra induced by 2.61 MeV H+ ions
(PIXE) indicates significant As deficiency. The results of channeling-RBS
measurement show that during implantation in GaAs, the primarily
produced defects are almost stable and crystallization could not be recovered
till 850 °C. This damage is discussed in terms of the stoichiometric
disturbances introduced by the implantation and the annealing process. The
electrical activation characteristics are also discussed.
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Optical Integration of Laterally Modified Multiple Quantum Well
Structures by Implantation Enhanced Intermixing to Realize Gain
Coupled DFB-Lasers

V, Hofsftfl1. J. Kuhn1, V. Harle1, H. Bolay1, F. Scholz1, H. Schweizerl, H.
Hillmer2, R. Losch2 and W. Schlapp2

14.Physikalisches Institut, Universitat Stuttgart, Pfaffenwaldring 57,70550
Stuttgart, Germany
2Deutsche Bundespost Telekom Forschungs- und Technologiezentrum, Am
Kavalleriesand 3,64295 Darmstadt, Germany
Our studies are based on the material system GalnAs/AlGalnAs, MBE grown on
InP. For definition of nm-structures, for example DFB-gratings, a two step
process is necessary for the completion of the optical devices. We present
detailed investigations on the integration processing steps as implantation,
subsequent annealing and regrowth with InP (MOCVD). The implantation with
Ar+ (255 keV) of the MQWs results in a maximum blue-shift of the bandgap of 35
meV due to the implantation dose. We discuss also critical technology steps.
Surface morphology depends very sensitive on implantation and annealing
(nonradiative recombination leads to high losses in optical devices). We achieve
good results for an ASH3 stabilized annealing step in a MOCVD equipment,
compared to a rapid thermal annealing (RTA) step, which proceedes the second
epitaxial step. A 10 nm GalnAs surface quantum well monitors the interface
quality after the planar regrowth step. Photoluminescence studies show the
excellent interface quality. High homogeneity and small linewidth after the
integration process indicate suffcient quality to realize electrical buried gain
coupled DFB-laser devices by IEI. Optical precharacterisation of FP-lasers shows
lasing operation at 77 K even for homogeneous intermixed and regrown
structures.
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Considerations on Effect of Local Temperature on Primary Defect
Production

Jf Gyulai
Res. Inst. for Matl. Sci. Hung. Acad. Sci., P.O.Box 49, H-1525 Budapest,
Hungary and Fraunhofer-Inst. for Integr. Schaltg., Schottkystr. 10, D-92058
Erlangen, Germany

Ion implantation, in contrast to other a technologies, is doubly influenced by
statistical nature of processes. Randomness of the impact is unavoidable, but in-
cascade events can be controlled to a certain extent, i.e. there exists some
freedom to shift balance between amorphization and dynamic annealing to
arrive to a desired primary defect structure. The key to this process comes from
strong temperature dependence of thermal diffusivity (D=D(T)).

A simple thermal picture of single cascades will be presented for different
semiconductors using realistic thermal and thermodynamic data. It will be
shown that D(T), melting entropy (S), and Tcrit/Tmelt for IBIEC (based on
experimental data by E. Glaser, to be published in NIMB, IIT-94 Proceedings)
correlate for six different semiconductors within a factor of two. This supports
the conclusion that atomic scale events, which are analogous to IBIEC/IBIA, play
a major role in forming the as-implanted state.

As a further consequence of the dependence of thermal diffusivity on
temperature, ion implantation at different temperatures can be treated as the
key factor to tailor single cascade events. Consequences on end station design
will also be treated.
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Crystal Defects Production in Silicon by Molecular Beam Implantation

E.KotaJi. N.Q. Khanh2 and J. Gyulai2
iRFKI Research Institute for Particle and Nuclear Physics, Budapest, Hungary
2KFKI Research Institute for Material Science, Budapest, Hungary

The depth profile of crystal defects and the number of host atoms displaced in
molecular ion implanted monocrystal silicon was measured using high resolution
backscattering-channeling techniques. Implants were performed at 100 - 600 K
using BFn

+ (1< n <3) ions. The implantation energy varied from 5 to 7 keV/AMU.

Both the 'surface peak' disorder and defect's distribution were systematically
studied as a function of the ion flux, implantation temperature and sample
orientation. The results are compared by the damage created by the
corresponding atomic species. High resolution transmission electron microscopy
analysis were also performed to study the size and type of crystal defects.
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Investigation of the Relation Between Stress Evolution and Surface
Deformations in High Dose MeV Energy He Implanted Si

C. Haidu1. M. Fried2 and F. Paszti1

iRFKI Research Institute for Particle and Nuclear Physics, P. 0. Box 49, H-1525
Budapest, Hungary
2 Joint Chair for Experimental Physics of Technical University Budapest and of
KFKI Research Institute for Materials Science, P. O. Box 49, H-1525 Budapest,
Hungary

The appearance of ripple structures found under flaked off layers in several high
dose ion implanted materials can be explained by stress induced mechanical
instability of the implanted layer (see C. Hajdu et al., Phys. Rev. B41, 3920
(1990)). The evolution of the stress was directly monitored by a symmetric
differential capacitive transducer measuring the deflection of Si cantilever
samples during implantation by MeV energy He ions up to the critical dose for
flaking. The relations between the stress, the appearance of ripples and the
detachment of the sample surface layer are discussed.
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Thermal Behaviour of Nitrogen Implanted into SiC

S. Mivagawa. M. Ikeyama, K. Saitoh, S. Nakao, H. Niwa, S. Tanemura and Y.
Miyagawa
National Industrial Research Institute of Nagoya, 1-1 Hirate-cho, Kita-ku,
Nagoya, 462, Japan

CVD-SiC samples were implanted at room temperature and at high
temperature with 100 keV 14N2 and 15N2 ions with fluences ranging between
1017 and 1018 ions/cm2. Implantation temperature and annealing temperature
dependence of nitrogen depth profiles were measured by using the nuclear
resonance reaction, and the surface structure was examined by X-ray
diffraction at glancing incidence and secondary electron microscopy. The
atomic migration of pre-implanted nitrogen caused by the subsequent
implantation, and Si3N4 formation are discussed.
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Amorphization of ZnSe by Implantation at Low Temperatures

g,G, Jahnl. H. Hofsass2, M. Restle2, C. Ronning2, H. Quintet, I. Trojahn3, M.
Wienecke3, K. Bharuth-Ram4 and the ISOLDE-Collaboration1

1CERN,CH-1211 Geneva 23, Switzerland
2Fakultat fur Physik, Universitat Konstanz, D-78434 Konstanz, Germany
3Institut fiir Physik, Humboldt-UniversitSt Berlin, D-10099 Berlin, Germany
4Physics Department, University of Durban-Westville, Durban, 4000 South
Africa

Radioactive Cd and Se ions were implanted into high-resistivity ZnSe single
crystals at 60 K and 300 K and their lattice sites were determined by measuring
the channeling and blocking effects of the emitted conversion electrons or
positrons directly after implantation and after annealing at different
temperatures up to 600 K. Implantation doses were in the range 3x10 - 3x10
/cm2 . With this emission channeling technique we observed a high
substitutional fraction of the isoelectronic implanted ions directly after
implantation at room temperature and independent of the implantation dose.
Consequently ZnSe has an appreciable ability of damage recovery during room
temperature implantation which was also observed by other groups even at
high dose [1,2]. At 60 K the subtitutional fraction of implanted ions is sensitive
on the ion dose: with increasing dose the channeling and blocking effects
decrease and above a critical dose the channeling effect disappeared
completely indicating an amorphous surrounding of the probe atom. The
annealing temperature for evident damage recovery depends on the ion dose or
degree of damage, respectively. Weak damage recovers even below room
temperature, whereas the amorphous structure recrystallizes at an annealing
temperatures between 500 and 550 K. A quantitative analysis of measured
channeling yields will be given by comparison with calculated electron
channeling profiles based on the dynamical theory of electron diffraction.

[1] Kin Man Yu et. al.: J. Appl. Phys. 75 (3) (1994) 1378.
[2] H.M. Naguib, R. Kelly: Rad. Eff. 25 (1975) 1.
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Doping of Amorphous Chalcogenide Semiconductor by MeV Energy Ni-Ion
Irradiation

N. Kishore. P. Singh and K.L. Bhatia
Non-crystalline Semiconductor Laboratory Physics Department, Maharshi
Dayanad University, Rohtak - 124001, India

Transition metal ions have been found to influence the electrical properties of
melt-quenched amorphous chalcogenide semiconductor when added in large
concentrations. In this study we have doped bulk amorphous semiconductor
Pb2oGreigSe6i by irradiation with 75 MeV Ni-ions with low fluence 2-5xlO13

ions/cm2 (= 0.2 at.% Ni) at room temperature. Electrical transport properties
of the irradiated and sequentially annealed semiconductor at temperature 373
K - 493 K (which is much less than the glass transition temperature Tg = 563 K)
have been investigated by measuring temperature dependence (180 K - 450 K) of
d.c. conductivity and thermo-electric power (TEP). On annealing, the Ni-ions
become electrically active and diffuse into the bulk of the bombarded
semiconductor. Presence of high density (= 1020 states/cm3) of Ni-induced
defect states at the Fermi level has been revealed which changes the transport
properties. Electrical conductivity rises by several orders of magnitude in the
annealed sample. TEP remains p-type and exhibits remarkable effects due to
the presence of Ni-impurity. TEP rises at higher temperature with increasing
temperature. Doping of a chalcogenide glass with irradiation is revealed.
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Ion-Beam Modification of Porous Silicon and Properties

N.N. Gerasimenko and I.V. Verner
Moscow State Institute of Electronic Technology, 103498 Moscow-Zelenograd,
MSIET, Russia
Ion bombardment of silicon and porous silicon (PS) by different ions (B , P) was
applied for control of PS formation kinetics and for control of luminescence
efficiency of implanted samples. Influence of radiation defects on
microstructure of PS was investigated. Obtained data includes information
about changes of porous size, defect clusters formation and visible
luminescence of irradiated PS. The porous size, kinetic of PS formation is
found to be controlled by the dose, dose rate and type of ions in case of ion
implantation into silicon before anodic etching. Peculiarities of impurity atoms
distributions (diffusion) in as-implanted and annealed PS are investigated and
discussed. A model of interactions of point defects in fractal-like lattice of
irradiated PS is presented. Role of defect complexes (for example, Si-O-H,
"implanted atom - self point defect", etc. ) in luminescence of PS is discussed.
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P-N Junction Formation in 6H-SiC by Acceptor Implantation into N-type
Substrate

Mulpuri V. Rao1. Peter Griffiths1 and O.W. Holland2

depar tment of Electrical and Computer Engineering, George Mason
University, Fairfax, Virginia, U.S.A. 22030
2Oak Ridge National Laboratory, Oak Ridge, Tennessee, U.S.A. 37831

6H-SiC is attractive for making high-power devices and blue LEDs. Ion
implantation is useful for making these devices. Al and B implantations were
perfomed into n-type 6H bulk and epitaxial layers at 850 °C. Annealings were
performed in the temperature range 1200 - 1650 °C in SiC crucible. The as-
implanted and annealed material was characterized by SIMS, RBS,
photoluminescence, Hall and C-V profiling techniques. Redistribution of the
implant species was observed at annealing temperatures of > 1400 °C. The RBS
yield in the annealed material is comparable to the yield in the unimplanted
material. The electrical activation of the dopants is poor. The p-n junctions
exhibited non-uniform characterisitcs across the wafer. To improve the
electrical activation we have performed Al/C and Al/Si co-implantations at 850
°C. Co-implantation results will be presented during the conference.
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Amorphization ofThin Film CdS during Low Energy Argon Ion Irradiation

K.L. Narayanan1, K.P. Vijavakumar1. K.G.M. Nair2. G.V.N. Rao2, P.
Magudapathy2, N.S. Thampi2, and K. Krishan2

iDepartment of Industrial Physics, Cochin University of Technology, Cochin,
Kerala, India
2Materials Science Division, IGCAR Kalpakkam - 603 102, Tamil Nadu, India

Cadmium Sulphide finds extensive applications in semiconductor technology
as solar cells and light sensors. A number of investigations have been reported
on CdS, where the authors have attempted to cause structural transformations
or bring about changes in the electrical properties, by ion irradiation. However
it was observed in most of these investigations that, though irradiation gave
rise to radiation damage in the films, no changes in the crystal structure or
amorphization took place. In the present paper we report the amorphization of
vacuum deposited CdS thin films during argon ion irradiation.

The thin films (2000 A) were prepared by vacuum deposition onto glass
substrates. The X-ray diffraction studies showed that the films are crystalline
with (111) orientation. The films were irradiated with 100 keV argon ions from
a low energy accelerator, to various doses in the range of lxlO1^ ions/cm2 to
lxlO1 8 ions/cm2. The X-ray diffraction patterns from the irradiated films
showed a progressive reduction in the intensity of the crystalline peaks with
increasing irradiation dose. Finally at a dose of lxlO17 ions/cm2 the samples
were rendered completely amorphous, as evidenced by the complete absence of
crystalline peaks. Such a dose dependence indicates slow and continous
transformation of the crystalline phase to amorphous, as is expected in the
case of heavy ion irradiation where displacement cascades give rise to the
formation of amorphous pockets in the matrix. The present paper examines
the experimental results in the light of the various models of the
amorphorization and also compares the results with a recent report on the
amorphization of CdS during irradiation with argon ions in Dense Plasma
Focus (DPF).
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Investigation of the Ion Implanted PbSe Crystal

Jian-Cheng Zhang1 and Jin-Lianff Zhu2

1Department of Materials Science and Engineering, Shanghai University of
Science and Technology, Shanghai 201800, China
2Shanghai Applied Radiation Institute, Shanghai University of Science and
Technology, Shanghai 201800, China

PbSe single crystal can be grown by vapour using PbSe melt method which is
different from other preparation methods such as sublimation, chemical
transport via vapour phase etc. In order to fabricate the diode of PbSe with
photovoltaic effect, the P type PbSe (carrier concentration, P = 1017 ~ 1018/cm3)
was implanted by phosphorus ion to form P-N junctions in the crystal at
incident energy of Eo = 200 keV and doses of Di = 1 x 1015, 5 x 1014 , 5 x 1014

ions/cm2. The depth of the junctions were measured and theoretically
calculated with the modification of LLS theory and Bragg principle. The
results show that the experimental data is in agreement with computer
simulation, and the parameters of the P-N junction in PbSe are also discussed.
PbSe diode was made with performances, n = 2.31, diffusion length L = 51.4
(im, diffusion coefficient D = 26.52 cm2/s, non-equilibrium minority lifetime T =
9.96 x 10-7 s.
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Investigation Of Radiation Damage in Ion Implanted and Annealed SiC
Layers

W. Wesch1. A. Heft1, J. Heindl2, H.P. Strunk2, T. Bachmann1, E. Glaser1, and
E. Wendler1

Unstitut für Festkörperphysik, Friedrich-Schiller-Universität Jena, Max-
Wien-Platz 1, D-07743 Jena, Germany
2Institut für Werkstoffwissenschaften, Universität Erlangen, Cauerstraße 6,
D-91058 Erlangen, Germany

6H - SiC was implanted with Ga and Sb ions in the dose range between IO13

cm 2 and 1016 cm2, the implantation temperature was varied from -190 °C to
1200 °C. The samples were then short-time annealed at temperatures ranging
from 600 °C to 1700 °C. Analysis of the samples was done by the RBS-
channeling technique, by TEM and electrical measurements. In the dose
region investigated amorphization is prevented for implantation temperatures
> 200 °C. Minimum damage concentrations are obtained for implantation
temperatures > 700 °C. Annealing experiments show that amorphous layers =
150 nm thick do not show epitaxial regrowth up to a temperature of 1400 °C,
also at 1700 °C annealing a highly damaged layer remains. The electrical
properties of the annealed layers are measured and correlated with the
residual damage after annealing.

Work supported by the DFG, SFB 196
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Ion Implantation of Indium Tin Oxide Thin Films

T.E. Havnes1 and Y. Shigesato2

*Oak Ridge National Laboratory, MS-6048, P. O. Box 2008, Oak Ridge, TN 37831,
U.S.A.
2Institute of Industrial Science, University of Tokyo, Tokyo, Japan
Indium tin oxide (ITO) thin films have been implanted with In+ and the
carrier concentrations (n) and mobilities (/i) determined as a function of ion
dose and implant temperature. Three dose regimes have been identified, and
the behavior in each regime will be discussed in terms of the partitioning of
implantation effects between doping and lattice disorder and between the two
known sources of charge carriers, which are Sn dopants and 0 vacancies. At
low doses, n first decreases to a saturation level as the dose is increased.
Comparison of results for different ion species shows that this initial decrease
in n scales with elastic energy loss. We propose that this effect can be
attributed to disorder-induced deactivation of the Sn dopants alone. For
intermediate In+ doses, of the order of 1015 /cm2, n increases with dose in
proportion to the concentration of implanted In. The rate of increase of n
indicates that in this dose range the implanted In is accommodated in the ITO
crystal lattice by the formation of donor oxygen vacancies in the ratio
appropriate to the chemical formula unit of In2O3 (1.5 oxygen vacancies per In
ion). Finally at high doses, \i decreases abruptly, an effect which can be
ascribed to chemical decomposition due to oversupply of In. The apparent
ability to 'dope' ITO by implantation of In+ at intermediate doses suggests that
the nonequilibrium nature of ion implantation may be useful to control the
stoichiometry of ITO films beyond the range that is accessible during
deposition.

Research sponsored by the US Department of Energy under contract DE-AC05-84OR21400 with
Martin Marietta Energy Systems, Inc.
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Effect of Ion Implantation Energy of Er on Defects and Er Gettering in Silicon

A. Maiima1. S. Uekusa1, K. Shimazu1 and H. Takano2

department of Electrical Engineering, Meiji University, 1-1-1 Higashimita,
Tama-ku, Kawasaki, 214 Japan
2Kanagawa High-Technology Foundation, Kawasaki, 213 Japan

Erbium (Er)-doped Silicon (Si) is attractive because the sharp Er3"1" intra-4f-
shell luminescence at 1.54 um, coinciding to the minimum absorption of silica
fibers, might be obtained efficiently from the p-n junction containing Er ion.
High energy implantation tends to result in the buried defects and annealing-
induced defects (silicon dioxide precipitates) which is electrically and optically
poor and increased with residual oxygen in CZ-Si. Therefore, during
annealing oxygen and impurities, which having a great affinity to the oxygen
such as Al, are trapped in the defective region.

For 2 MeV Er+-implantation (lxlO14 cm'2) into CZ-Si at room temperature, Si
crystal was amorphized only in about 0.5 um-inner region, while not in near
surface region. After 900 °C annealing, Er ion is optically active in lxlO13 cm-2

but not in lxlO14 cnr2 implanted Si. RBS and SIMS measurements for the
1x1014 cm 2 implanted Si showed that the implanted layer contained
annealing-induced and unremovable defects by which part of Er atoms were
gettered. The residual oxygen in CZ-Si acts important role for optical activation
of Er ion, but for the high energy implantation the oxygen caused strong Er-
gettering by the defective region due to the great strong Er-0 bond. For 300 keV
Er+-implantation, on the other hand, an increase of Er3+-related luminescence
was found even at high dose (3xlO14 cm*2).
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Optical Activation of the Er3+ Emissions from SfcEr Coimplanted with Carbon

S. Uekusa1, K. Shimazu1. A. Majima1, and K. Yabuta2

1Meiji University, 1-1-1 Higashimita Tama-ku, Kawasaki Kanagawa 214
Japan
2Kanagawa High-Technology Foundation, 3-2-1 Sakado Takatu-ku, Kawasaki
Kanagawa 213 Japan
Erbium-doped silicon can be very attractive for obtaining light-emitting devices
in silica-fiber-based optical communication systems. As a matter of fact, the
luminescence from Er3 + ions occurs at a wavelength of 1.54 urn [1],
corresponding to the minimum absorption of silica fibers.

We implanted carbon into Si:Er in order to enhancing PL intensity of Er3"1" ions
and studied the dependence of carbon concentration.

The samples used in this study were Czochralski(CZ)-grown Si wafers (P-type
10 Qcm) with (100) orientation. The Er implantation was performed in 2 MeV
at room temperature to the dose of lxlO13 cm2 . The C implantation was
performed in 250 keV at room temperature to the dose of 0, lxlO12, lxlO13 and
lxlO14 cm2. After ion implantation, the samples were subsequently annealed
at a temperature of 900 °C for 30 minutes in vacuum (3xlO7 torr) [1].

The PL peak intensity of Si:Er with C is 2-3 times stronger than Si:Er. The PL
spectra of Si:Er with the C dose of lxlO13 cm2 and lxlO14 cm2 are composed of
many peaks. These peaks are due to the luminescence of C-Er complex.

[1] A. Majima, S. Uekusa, K. Abe and M. Kumagai, J. Luminescence, 60 &
61 (1994), 595-598
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Optical Response of 75 MeV Ni/Ge Ion Irradiated Single Crystal Silicon

K.L. Bhatia1. Partap Singh1, Nawal Kishore1 and D. Kanjilal2

1Non-Crystalline Semiconductor Laboratory Physics Department, Maharshi
Dayanad University, Rohtak - 124001, India
2Nuclear Science Centre, New Delhi -110 067, India

Intrinsic c-Si <111> has been bombarded at 77 K and 300 K with 75 MeV heavy
ions (Ni+ and Ge+) with a fluence of 1013 to 1015 ions/cm2. The inflicted damage
on the surface and deep inside the bulk of c-Si has been monitored by study of
reflectivity, optical absorption and refractive index in the spectral range 200-
500 nm. Both electronic and nuclear energy losses influence the surface (up to
300 nm deep) and bulk properties of the bombarded semiconductor. This is
contrary to the TRIM calculations according to which at MeV energy no
modification is expected near the surface. Low temperature Ni-ion irradiation
of Si produces remarkable changes in the surface where blistering is revealed
by SEM. Reflection spectra is drastically influenced in the interband transition
region (200-600 nm). Observation of the cross-sectional view of the irradiated
sample with SEM shows extended defect like formation. All these features are
reduced in the crystals bombarded at room temperature. Irradiation with Ge+

- ions does not show surface modification like Ni bombardment. Ni+ ion
exhibits unique features of the irradiation of Si. Absorption spectra of Si
exhibiting bulk properties of the irradiated semiconductor is also considerably
influenced by Ni+ ion bombardment. Formation of divacancies in the
irradiated Si is revealed.
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Computer Simulation of Deformed Scanning Wave Effect on Dose Distribution
in Ion Implantation

M. Satoh. Y. Sone, and Y. Yamamoto
Hosei University, Koganei, Tokyo 184, Japan

The present simulation reveals that the uniformity of dose distribution in ion
implantation is sensitively affected by the quality of scanning wave. The
deformed triangular scanning wave, whose high frequency components are
truncated by the finite band width of scanning equipments, causes the periodic
undulation in dose distribution. This undulation can not be flattened even in
the prolonged implantation, while in the ideal case of the infinite band width
the uniformity of 0.1% is obtained by the implantation of 10 min. In the
scanning system whose cut-off frequency is 20 times larger than the scanning
frequency (fixed at 88.95 and 520.5 Hz for x and y axes, respectively), the
uniformity of dose distribution is estimated to be 20%. The uniformity is
improved with increasing the cut-off frequency. To obtain the uniformity of
1.0%, the cut-off frequency required for the scanning system must be at least
350 times larger than the scanning frequency: in the present case, the cut-off
frequency must exceed about 180 kHz. Non-uniformity problem of this type
could be more serious for the high-energy or large area implantation in VLSI
technology.
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Transient Analysis of Semiconductor Devices using a MeV Scanning Ion
Microprobe

J.S. Lairfl. R.A. Bardos, G.R. Moloney, A. Saint and G.J.F. Legge
MicroAnalytical Research Centre (MARC), University of Melbourne, Vic 3052,
Australia

Ions traversing a semiconductor material give rise to an e-h pair plasma
whose interaction within the material and subsequent collection depends
highly on the electronic properties of the material. Using the Ion Beam
Induced Charge (IBIC) technique developed for MeV Scanning Ion
Microprobes (IMP), one can image changes in electrical activity such as the
existence of depletion and defect regions buried deeply in a sample.

Transient analysis, or time-resolved IBIC on the other hand, provides a much
more comprehensive study of the sample from which several important device
parameters can be spatially determined. In this paper we present a basic
treatise on the nature of the collection process and the dependence on device
parameters one may wish to investigate. Most importantly we discuss the
transient analysis system being devised at MARC and present preliminary
results from several projects involving the technique.
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Optimization of Buried Well Structures in Dynamic Random Access Memories
against Soft Error Using Probe Induced Current

T. Kishimoto1, H. Sayama2, M. Takai1, Y. Ohno2, K. Sonoda2, T. Nishimura2,
A. Kinomura3, Y. Horino3 and K. Fujii3

faculty of Engineering Science and Research Center for Extreme Materials,
Osaka University, Toyonaka, Osaka 560, Japan
2ULSI Laboratory, Mitsubishi Electric Corporation, 4-1 Mizuhara, Itami,
Hyogo 664, Japan
3Osaka National Research Institute, AIST, Ikeda, Osaka 563, Japan
One of the most serious problems in a design of ultra large scale integration
(ULSI), i.e., dynamic random access memory (DRAM), have been an
immunity for soft errors induced by alpha particles emitted from package
materials and Al wires. The conventional estimation of soft error immunity
has been investigated using a radiation source, i.e., Am or Th, placed over the
chip for a long time. Such a conventional method could not adjust the incident
locations, angles and energy distributions of particles. Therefore, the detailed
information of immunity about localized structures against soft error could not
be obtained. Soft error testing using scanning nuclear microprobes, i.e., soft
error mapping combined with ion induced current measurements, could
supply structures immune against soft error, and, hence, design and process
parameters for DRAMs could be determined from the data obtained using
nuclear microprobes.

Well structures to suppress noise carriers generated by energetic particles in
DRAMs have been formed by high energy ion implantation and the
suppression efficiency by the well structures was clarified using ion induced
current measurements. The suppression efficiency was found to have stronger
dependence on applied reverse bias on devices than implanted dose for well
structures.
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Amorphous Phase Transitions in Elemental Semiconductors at Light Particle
Irradiation

V.P. Popov and L.I. Fedina
Institute of Semiconductor Physics, Novosibirsk, 630090, Russia

A purpose of this work was to investigate a phenomenon of amorphization that
is of fundamental interest for material science from the point of view the
formation mechanism, topological characteristics and stability of the
amorphous state. The specific goals are to study the microscopic mechanism
and kinetic path of transition to amorphous state in Si and Ge under light
particle irradiation. Dominant type of defects that were the self interstitials
has been determined by the disorder concentration dependencies on the
impurity content and the study of amorphization kinetic at different
temperature. Models of homo- and heterogeneous phase transition have been
proposed in the light of new experimental results. Microscopic picture of
transitions in Si and Ge is based on the analysis of HRTEM observations. It
was explored a formation of clusters of defects at the initial stage of nucleation.
Comparison with equilibrium phase diagram has been made to confirm
proposed method of theoretical description of metastable phase transition
based on idea of J.R. Smith that in order to account the unrelaxed stored
energy is sufficient to replace U(D, V) = U(0, Vd), where Vj is a new increased
volume of the same phase without defects. Equilibrium Helmholtz free energy
diagram of matter can be applied to study to hierarchy of a metastable phase
transition in this case.
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Interfacial Amorphization and Improved Ion Beam Induced Crystallization of
(lOO)-GaAs

E. Glaser1. T. Bachmann1, R. Schulz1 and U. Richter2

1Institut fiir Festkorperphysik, Friedrich-Schiller-Universitat Jena, Max-
Wien-Platz 1, D-07743 Jena, Germany
2Labor fur Elektronenmikroskopie in Naturwissenschaft und Medizin,
Weinberg 2, D-06120 Halle, Germany

Ion beam induced crystallization (IBIEC) and interfacial amorphization
(IBIIA) are investigated in preamorphized GaAs during irradiation with
energetic (MeV) ions (N+, Ar+, Kr+) at different temperatures. Blocking of the
IBIEC process is observed above a critical density of nuclear energy deposition,
resulting in a maximum thickness of the layer that can be recrystallized -
independent of the irradiation temperature and the ion dose. The blocking
effect is shown to be caused by ion induced random nucleation and growth of
crystallites in the amorphous layer. Using multiple-step IBIEC process the
total thickness of the layer to be recrystallized by IBIEC is not restricted by the
blocking effect. For the first time also a transition IBIEC —> IBIIA is proved for
GaAs.
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Recrystallization Rates during Solid-Phase Epitaxy of Implant-Amorphized
Sii.xGex Alloys

T.E. Havnes1. M.J. Antonell2, C. Archie Lee2 and K.S. Jones2

*Oak Ridge National Laboratory, MS-6048, P.O. Box 2008, Oak Ridge, TN 37831
U.S.A.
2Department of Materials Science and Engineering, P. O. Box 116400,
University of Florida, Gainesville, FL 32611, U.S.A.
The rates of solid-phase epitaxy (SPE) in unstrained Sii-xGex amorphized by
Si-implantation have been measured using time-resolved reflectivity for eight
different alloy compositions spanning the range from Si-rich alloys with x =
0.02 to Ge-rich alloys with x = 0.87. Kinetic calculations using a dangling-bond
model significantly overestimate the measured SPE rates, particularly for Si-
rich compositions, when the effect of dangling-bond formation is included.
This discrepancy is directly attributable to the high probability for Ge bonds to
be broken and suggests that Ge dangling bonds do not contribute to SPE in SiGe
alloys. However, we will demonstrate that a simple two-term equation having
no adjustable parameters can be used to reliably predict the SPE rates in
unstrained SiGe alloys of arbitrary composition over a wide temperature
range. The form of this equation implies that (1) crystallization occurs by a
serial attachment process at the amorphous-crystal interface and (2) the rate
of attachment of each individual atom is determined by the chemical identities
of its four nearest-neighbors. Based on a detailed comparison of the measured
SPE rates to the resulting model, we propose that the anomalously large
activation energies' that have been measured for SPE in Si-rich alloys may in
fact be artificially elevated by a temperature-dependent prefactor.

Research sponsored by the US Department of Energy under contract DE-AC05-84OR21400 with
Martin Marietta Energy Systems, Inc.
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Recrystallisation of Relaxed SiGe Alloy Layers

M. Fyhn1, S.Y. Shiraeyv1, A. Nylandsted Larsen1, P. Krinphai2 and R.G
Elliman2

institute of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C,
Denmark
2Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra, ACT 0200,
Australia

Recrystallisation of amorphous SiGe alloy layers has been studied with
Rutherford backscattering spectrometry/channeling (RBS/C) and time resolved
reflectivity (TRR). Crystalline, strained-relaxed Sii_xGex alloy layers were grown
by molecular-beam-epitaxy (MBE) or chemical vapour deposition (CVD) and
were subsequently amorphised either by Si implantation at LN2 temperature or
by Ge implantation at room-temperature (RT). The solid phase epitaxial
crystallisation kinetics were monitored in-situ with TRR, employing an infrared
laser, or ex-situ by measuring the amorphous layer thickness with RBS/C.
Arrheninus behaviour was observed for the crystallisation velocity, and the
corresponding activation energy was extracted over the complete composition
range (x=0.0 to x=1.0). Contrary to expectations, the activation energy did not
exhibit a monotonic dependence on Ge concentration but was found to increase
above that of Si for Ge concentrations in the range from x~0.10 to -0.40.
Similar behaviour was found for both MBE and CVD grown samples, and did
not depend on whether the samples were amorphised with Si or Ge. Activation
energies higher than Si have previously been reported during solid-phase
epitaxial crystallisation of strained SiGe layers, however, in the present study,
the alloy layers were strain-relaxed. (This was achieved by growing the uniform
alloy layers on compositionally graded buffer layers.) Possible models and
explanations for the activation energy increase will be presented.
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The Effect of Strain and Strain-Relaxation on the Morphology of the
Crystalline-Amorphous Interface during Solid-Phase Epitaxial
Crystallisation of Ge Implanted Si

R.G. Elliman and W.C. Wong
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra, ACT 0200,
Australia

The morphology of the crystalline/amorphous interface was studied as a function
of depth during solid phase epitaxial crystallisation of an amorphous GeSi alloy
layer produced by high-fluence ion-implantation. For peak Ge concentrations <
6.6% solid-phase epitaxy is shown to produce a fully strained GeSi alloy layer
and the the crystalline/amorphous interface remains planar throughout. For Ge
concentrations above this value epitaxy produces a strain-relaxed alloy layer and
the crystalline/amorphous interface is shown to roughen when the Ge
concentration exceeds -6.6%. Once roughened the interface develops well defined
facets and -70 nm after the initial roughening transition strain relieving
dislocations are nucleated. The roughness of the interface reaches a maximum
close to the peak of the Ge distribution and thereafter begins to smoothen. The
changing morphology of the interface is studied by time-resolved-reflectivity
(TRR) and x-sectional transmission electron microscopy (TEM). A model for the
observed behaviour is discussed.
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Ion-Beam-Induced Modulated Structures in Semiconductors

I.V. Verner and N.N. Gerasimenko.
Moscow State Institute of Electronic Technology, 103498 Moscow-Zelenograd,
MSIET, Russia

A variety of non-equilibrium phase transitions were observed in irradiated
semiconductors. In some cases, the non-monotonic, quasi-periodical or other
kind of time, spatial and/or time-spatial structures, and also different types of
critical behavior in excited systems of radiation defects and impurity, may to be
formed as a result of changes in external and internal parameters (type of ion,
dose, dose rate, temperature, etc.). Periodic and quasi-periodic distributions of
defects and impurity atoms in implanted semiconductors were observed and
studied by using different experimental techniques. In the present paper
authors are discussing a results of experimental and theoretical studies of
such phenomena which were done in this area within last few years. Results
of studies of self-organization in crystals with radiation defects, processes of
self-gettering stimulated by modulated defect structures and autocatalitic
synthesis induced by irradiation of semiconductors are presented.
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Ion Beam Induced Epitaxial Crystallization and Interfacial
Amorphization at Amorphous/Crystalline Interfaces in Germanium

T. Bachmann1. R. Schulz1, E. Glaser1, U. Richter2 and S. Schippel1

1Institut für Festkörperphysik, Friedrich-Schiller-Universität Jena,
Max-Wien-Platz 1, D-07743 Jena, Germany
2Labor für Elektronenmikroskopie in Naturwissenschaft und Medizin,
Weinbergweg 2, D-06120 Halle, Germany

<100> and <111>-Ge crystals were preamorphized in a thin surface layer using
50 keV or 85 keV N+-ions with a dose of 2xlO15 cm2. Ion beam induced epitaxial
crystallization (IBIEC) and interfacial amorphization (IBIIA) were studied using
different kinds of high energy ion beams.

The crystallization/amorphization rates can be described by means of models
developed for silicon. The total recrystallized thickness depends mainly on the
nuclear energy deposition and irradiation temperature. Cross-section
TEM-micrographs show a sharp amorphous/crystalline interace for both IBIEC
and IBIIA.
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Ion Beams and Interfacial Growth in Si and Silicides

H. Bernas1. F. Fortunal, M.O. Ruault1, P. Boucaud2 and X.W. Lin3
iCSNSM, 91405-Orsay, France
2Inst. d'Electronique Fondamentale, University Paris XI, 91405-Orsay, France
3Lawrence Berkeley Lab., Berkeley, CA., 94720 U.S.A.

Via in situ transmission electron microscopy, channeling, high resolution
electron microscopy and optical measurements, we have studied the mechanisms
and consequences of thermal and ion beam-induced crystallization from a Si or
silicide interface. We will present evidence of a new, thermally induced,
instability in interfacial growth, displaying intermittency and very high growth
rates ; we show the effect of irradiation on this growth mode. We studied the
effect of ion beam-induced epitaxial crystallization (IBIEC) in Si containing
transition or rare earth metals. The precipitation mechanism was studied and
the overwhelming effect of the interfacial energy on the silicide precipitate
structure demonstrated. A consequence of this effect is to allow the incorporation
of large (300-fold supersaturation) Er concentrations in the substitutional sites
of the Si lattice. This leads to room temperature photoluminescence without any
oxygen coimplantation.
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Electrical, Optical and Materials Properties of Ion Beam Synthesised (IBS)
FeSi2

K.J. Reeson. M.S. Finney, M.A. Harry, S.V. Hutchinson, Y.S. Tan, D. Leong,
T. Bearda, Z. Yang, G. Curello, K.P. Homewood, P. Marshall, R.M. Gwilliam
and B.J. Sealy
Dept. Electronic and Electrical Engineering, University of Surrey, Guildford,
England

In this paper we discuss the electrical, materials and optical properties of ion
beam synthesized semiconducting BFeSÍ2 and metallic aFeSÍ2. The structures
were fabricated using 200 keV Fe+ ions, in the dose range lxlO16 - 5xlO17 Fe
c m 2 , implanted into single crystal (100) silicon wafers, maintained at a
temperature of -500 °C. This allowed both continuous layers and structures
containing isolated precipitates of FeSÍ2 to be formed. Subsequent to
implantation the samples were annealed for 1 hour, at 940 °C to form ßFeSi2
and at 1000 °C to form the a phase.

The BFeSi2/n-Si structures display good p-n diode characteristics with a
negligible reverse leakage current up to -6 V (107 A) after which an abrupt
breakdown occurs. From these characteristics a barrier height of 0.64±0.01 eV
and ideality factor of 1.02 can be calculated, indicating that the diffusion
current is the main current transport mechanism across the barrier. The
diodes also display an electro-optic response upon irradiation with light. The
aFeSÍ2/n-Si structures display good Schottky diode characteristics. As
expected, the reverse leakage current (10~6 A) is an order of magnitude higher
than that for the BFeSi2/n-Si diodes and the breakdown less abrupt. The
calculated values for the barrier height and ideality factor are 0.59+0.01 eV and
1.06 respectively, indicating that thermionic emission is the main conduction
mechanism across the barrier, for these diodes.

Optical absorption measurements show direct band gap of 0.87 eV for ßFeSi2-
For samples implanted with higher doses of Fe (e.g. 4xlO17 Fe cm2) i.e. where
a continuous layer of BFeSÍ2 is produced, the PL signal is indistinguishable
from the background noise at 80 K. However, for the lower dose samples (<
lxlO1 7 Fe cm"2) although the peak position remains the same the signal
intensity is significantly increased and is visible at 80 K. Preliminary cross
sectional transimmission electron microscopy (XTEM) results from these
samples show precipitates with diameters of 40-60 nm at the surface and
smaller precipitates approximately 5 nm in diameter at the projected range of
the implant.
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Optical and Structural Properties of B-FeSi2 Layers on Si Fabricated by Triple
Ion Implantations and Solid Phase Epitaxy

H. Katsumata1.2. H. Shen2-3, N. Kobayashi2, Y. Makita2, M. Hasegawa2, H.
Shibata2, A. Yamada2, and S. Uekusa1

!Meiji University, 1-1-1 Higashimita, Kawasaki, Kanagawa 214, Japan
2Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba 305, Japan
3Shanghai Institute of Metallurgy, Academia Sinica, Shanghai, China

!3-FeSi2 has recently attracted much interest for optoelectronic device
application integrated in a silicon technology because of its strong optical
absorption and luminescence properties corresponding to a direct band gap of
about 0.87 eV. In order to fabricate epitaxial 13-FeSi2 layer with high quality on
Si, triple Fe ion implantations into Si (100) (FZ, undoped, n-type, p > 0.1 Q cm)
at 350 °C were performed at three different energies and doses [140 keV (1.42 x
1017 /cm2), 80 keV (6.67 x 1016 /cm2), 50 keV (3.83 xlO16 /cm2)] so as to realize
flat profile extending to a depth of about 0.1 urn. After implantation, the
samples were annealed with lamp furnace system in nitrogen atmosphere at
600 °C for 1 hour, with additional annealing at 880 °C for 2-18 hours. In the
low temperature (2 K) photoluminescence spectrum for the sample annealed
at 880 °C for 18 hours, a characteristic peak centered at 0.808 eV, having the
shoulders around 0.860 eV, was observed. X-ray diffraction measurements
showed some diffraction peaks from J3-FeSi2. RBS measurements revealed the
Si rich composition (FeSiX) x >2). In the Raman scattering spectra, we
observed for the first time a novel peak with broadband centered at 435 cm1.
This peak could be considered to be due to the Si-Fe vibration mode.
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Ion-Beam Induced Simultaneous Epitaxial Growth Of a, R and y-FeSi2 in
Si(100)at320°C

R. Maltez1, M. Behar1. P.F.P. Fichtner2, L. Amaral1 and X.W. Lin3

institute de Fisica, UFRGS, Caixa Postal 15051, 91501-970 Porto Alegre, RS,
Brasil
2Departamento de Metalurgia, EE-UFRGS, 90035-190 Porto Alegre, RS, Brasil
3Material Science Division, Lawrence Berkeley Laboratory, CA 94720, U.S.A.

Conventional and high resolution electron microscopy as well as Rutherford
backscattering/channeling spectrometry have been used to study the phase
formation and evolution of FeSi2 in a Si(100) wafer. The samples were
implanted at room temperature with 50 keV, Fe ions with concentrations
which varied between 2% and 25% and then recrystallized by 380 keV Ne beam
irradiation at 320 °C. The formation and coexistence of the three known FeSi2
phases: y (cubic), fi (orthorhombic) and a (tetragonal) was found to depend on
the Fe concentration. For the lowest Fe concentrations (less than 10 at%) only
the y-FeSi2 phase is formed. Between 10 and 20%, there is a coexistence
between the a and y-FeSi2 phases. Finally for concentrations larger than 20
at% we found a coexistence between the three y, a and B-FeSi2 phases. All the
three phases of FeSi2 were found to grow in epitaxy with the Si matrix and
their orientation relationship relative to Si as well as their spatial distribution
were determined. In addition anneal performed at 800 °C for half an hour
produces a complete a and y to B-FeSi2 phase transformation.
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The Formation and Thermal Stability of Ion-Beam-Synthesized Ternary
MexFei.xSi2(Me = Co, Ni) on Si(lll)

A. Vantomme1. M.F. Wu1, G. Langouche1, J. Tavares2 and H. Bender2

1Inst. voor Kern- en Stralingsfysika, University of Leuven, B-3001 Leuven,
Belgium
2IMEC, Kapeldreef 75,B-3001 Leuven, Belgium

Buried CoxFei-x and NixFei_x silicides were prepared by consecutive metal
implantation in Si(lll), for x = 0.5 and x = 0.05. TEM analysis shows strong
evidence for the formation of metastable ternary Coo.5Feo.5Si2 and Nio.5Feo.5Si2
during implantation, the lattice structure of which is believed to be B-type
oriented (twinned) CaF2- Annealing of the samples at 1000 °C results in
coalescence of the silicides into continuous layers with sharp interfaces.
During this high-temperature treatment, (partial) separation of the silicides
occurs. Channeling spectrometry indicates a good alignment of the silicides
with the substrate. The best Xmin is in the order of 12%, which is very low
compared to the best values obtained for pure Fe implantations. On the other
hand, when the relative Co (or Ni) concentration is only 5%, the silicides were
found to be polycrystalline after annealing. Beside TEM, HREM and
RBS/channeling, all samples were studied with XRD and Mossbauer
spectrometry (CEMS), in order to obtain detailed information on the strain and
the phases present.
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High-Dose Oxygen Ion Implanted Heterointerfaces in Silicon

K. Srikanth2 and S. Ashok1

!The Pennsylvania State University, University Park, PA 16802, U.S.A.
2Presently with Texas Instruments, Dallas, TX, U.S.A.

Emitter-base bandgap differentials realized with alloys such as SixGei_x, SiCx
and |ic-Si:H are known to stretch the performance of Si bipolar transistors. We
report on the properties of wide-gap surface regions generated in Si by high-
dose oxygen ion implantation. (100) oriented p-Si wafers were cascade-
implanted (20-70 keV energy and 3-10 x 1016 cm3 dose) at room temperature so
as to uniformly dope' Si with oxygen at several atomic percent level. Post-
implantation anneals were done for 1 hour at 1200 °C with a capping layer in
an Ar ambient. Using mesa structures, the electrical properties of the
implanted layer/Si heterointerface were evaluated over the temperature range
90-400 K. Despite no intentional doping of the implanted layer, diode-like
behavior is seen for the heterointerface; the log I-V characteristics exhibit
excellent linearity with an ideality factor n of 1.2 and a saturation current
density of lx lO 8 A/cm2, a figure considerably lower than that reported for
oxygen-doped Si formed by molecular beam epitaxy. The results to be presented
also include the following: (1) Spreading resistance measurements to delineate
carrier concentration and type, (2) SIMS profiles confirming the
substoichiometric nature of the implants, (3) FT1R data showing atomic
arrangement of O in the surface layer, (4) DLTS spectra to identify traps in the
material, and (5) spectroscopic ellipsometry results indicating the crystallinity
of the implanted layer.
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Implantation-Induced Defects in the Si Overlayer of SIMOX Material

S.L. Ellingrboe and M.C. Ridgway
Department of Electronic Materials Engineering, Research School of Physical
Sciences and Engineering, Australian National University, Canberra, ACT
0200, Australia

Damage and strain in high-dose O-implanted Si has been systematically
studied with Rutherford backscattering spectrometry, double crystal x-ray
diffraction and transmission electron microscopy. In the Si overlayer, tensile
strain results from an implantation-induced vacancy excess. The depth of the
tensile strain maximum is a function of O ion dose: at low doses, the strain
increases from the surface to the amorphous/crystalline interface while at
high doses, relaxation through dislocation formation is observed when the
strain exceeds -0.5%. After dislocation formation, the tensile strain maximum
moves toward the surface. Studies of the strain relaxation as a function of O
dose and implant temperature help elucidate the role of dynamic annealing
during implantation. For example, at a given O dose tensile strain decreases
as the implant temperature increases.
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Ion Beam Synthesis of Strain-Relieved Sii-xGe* Layers on SEVfOX

B. Hollander. W. Michelsen, S. Mesters and S. Mantl
Institut fur Schicht-und Ionentechnik, Forschungszentrum Julich, Postfach
1913, D-52425 Julich, F.R.G.

Strain relieved Sii-xGex layers with Ge concentrations between x=0.1 and
x=0.25 were formed on buried SiO2 by high-dose 74Ge ion implantation in the Si
surface layer of SIMOX substrates and subsequent thermal treatment. The
interface between the implanted Si layer and the amorphous SiC>2 layer should
allow slippage and behave like a free surface in terms of misfit dislocation
formation. Two different approaches were investigated: Either the samples
were implanted at elevated temperatures (350 °C - 450 °C) to retain crystallinity
followed by rapid thermal annealing to redistribute the implanted Ge and to
improve the crystalline quality, or the samples were implanted at room
temperature with lower energies to retain a thin undamaged Si seed layer on
the amorphous SiC>2, which allows epitaxial regrowth during subsequent
annealing. The samples were investigated by Rutherford backscattering
spectrometry, ion channeling and transmission electron microscopy.
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Silicon on Insulator Produced by Helium Implantation and Oxidation

V. Raineri1 and S.U. Campisano2

iCNR-IMETEM, Stradale Primosole, 50-195121 Catania, Italy
2Dipartimento di Fisica, Corso Italia 57-195129 Catania, Italy

A novel technique that produces high quality low cost silicon on insulators is
presented. The method takes advantage of the formation of a buried porous layer
in silicon implanted with light ions. Trenchs are then formed in such a way that
O2 can be transported in the cavities. Finally an oxidation in dry O2 will produce
a buried oxide layer. Silicon wafers, 5" diameter, have been used for the
experiments. Helium ions at energies of 40 or 300 keV and to fluences up to 2 x
1017/cm2 have been used to uniformity implant the wafers. After implantation
and cleaning a trench structure has been etched on the wafer surface using
deposited mask and reactive ion etching. The depth of the trench must be larger
than the helium penetration in order to allow external gases to enter the porous
layer. The resulting silicon columns, standing over porous layers are several
millimeter long and up to 2 |im wide. The cleaned wafers have been introduced
in a rapid thermal oxidation system and dry O2 has been flowed in the system
for 5 minutes before high temperature processing. The O2 flow was maintained
also during wafer heating at a temperature of about 1000 °C and for times up to
5 minutes. Transmission electron microscopy on cross sectional sample reveals
that high quality buried oxide layers are formed and a defect free silicon single
crystal remain at the surface.
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Formation of SiC Buried Layer into Si by MeV Implantation

A. Chavahara1, S. Nakano2, H. Ogiso2, Y. Mokuno1, A. Kinomura1, K.
Yamanaka2, Y. Horino1, K. Fujii1 and T. Koda2

^saka National Research Institute, AIST, 1-8-31 Midorigaoka, Ikeda, Osaka 563,
Japan
2Mechanical Engineering Laboratory, 1-2 Namiki, Tsukuba, Ibaragi 305, Japan

The formation of SiC in silicon wafer by 1.5 MeV C+ implantation to dose of
1.5xl018 ions/cm2 is demonstrated at room and a high temperature of 880 °C.
Infrared absorption spectra and X-ray diffraction show that the SiC buried layer
implanted at room temperature has amorphous structure and polycrystalizes to
3C-type after annealing to 1000 °C. In the case of the high-temperature
implantation, crystallographic orientation of the buried 3C-SÍC is founded to be
aligned along the lattice of the Si substrate, that is, topotaxial internal growth of
crystalline SiC occurs in a single crystal of Si during the high-temperature
implantation from the pole figure of X-ray diffraction. To observe the micro-
structure of the SiC buried layer, we fabricated samples for cross-sectional
transmission electron microscopy using focused ion beam processing. Fine
grains of SiC with diameter from 26 to 37 nm is observed both sides of the high-
temperature implanted buried layer.
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High Energy Ion Implantation for Silicon Device Processing

D.C. Jacobson. A. Kamgar, K.F. Lee and J.M. Poate
AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, New Jersey
07974, USA

High energy ion beams (>200 keV) are starting to play an important role in Si
device technologies. Here we will review some of our recent research and
development in electronic and photonic devices with a focus on particle-solid
interactions. The most important potential use is the formation of CMOS
profiled tubs by high energy ion implantation which can give substantial
economic advantages as well as enhanced device performance over the
conventional furnace drive-in diffusion technology. Coupled with this
technology is the use of MeV B beams to form gettering layers close to the
active region. The gettering mechanisms for Fe contamination will be
reviewed. Before these new technologies can be implemented it must be
demonstrated that they are manufacturable in a state-of-the-art device
fabrication line, and we will present our yield results. A recent development in
implantation for well engineering has enabled the fabrication of 0.1 mm
devices that operate at record speeds.

A more esoteric application is our MeV implantation of Er into Si and glass for
photonic devices. We will discuss some of the potentialities and pitfalls of these
technologies.
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Chemical, Electrical and Structural Properties of Cavities in Si and Ge*

S.M. Mvers. D.M. Follstaedt, H.J. Stein, C.H. Seager and W.R. Wampler
Sandia National Laboratories, Albuquerque, NM 87185, U.S.A.

Implantation of He into Si or Ge followed by annealing produces microscopic
cavities from which the permeable He has escaped. The internal surfaces of
these voids are chemically, electrically, and structurally very reactive due to
dangling orbitals and reduced steric hindrance relative to the bulk. Effects on
the semiconductor are large and potentially beneficial. Further, the cavities
provide access to fundamental surface properties that have eluded experiments
on external surfaces. Our studies of Cu, Ni, and Co in Si indicate that cavities
are promising gettering centers for detrimental metal impurities, combining
large binding energies and small reaction barriers with trapping kinetics that
remain operative at very low solution concentrations. By examining H
interactions with cavities we have determined the Si-H and Ge-H surface-bond
dissociation energies, establishing for the first time the thermodynamic
stabilities of the hydrogenated surfaces. From electrical measurements on Si
cavities we have identified surface-related 0/+ and -/0 energy levels in the
bandgap and have observed cavity charging that produces large barriers to
current flow. We and others have used the equilibrium shapes of cavities to
deduce the relative free energies of the principal Si surfaces.

*Supported by US DOE, Off. Basic Energy Sci., under Contr. DE-AC04-94AL85000
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Proximity Gettering in Silicon by MeV-Implantation of Isovalent Implants

R. Roller. W. Skorupa and F. Eichhorn
Research Center Rossendorf Inc., P.O.B. 510119, D-01314 Dresden, Germany

Proximity gettering by high energy implantation is a promising tool to improve
the material characteristics of silicon. However, the mechanism of gettering is
not yet clear.

The present paper deals with the gettering effect of isovalent implants as
carbon (C), silicon (Si) and germanium (Ge). These implants have been chosen
to evaluate the influence of stress on the gettering behaviour. Both, tensile and
compressive stress is provided and a suitable combination of different isovalent
implants can be used to annihilate the introduced stress.

Especially for carbon it is known, that it has a high gettering efficiency [1,2].
Corresponding to the stress measurement the gettering efficiency has been
determined for different important impurities as Fe, Cu and Ni.

[1] W. Skorupa, R. Kbgler, K. Schmalz and H. Bartsch, Electronics Letters,
Vol 26, No 22 (1990)1898

[2] W. Skorupa, R. Kbgler, K. Schmalz, P. Gaworzewski, G. Morgenstern
and H. Syhre, Nucl. Instr. and Meth., B74 (1993)
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Impurity Effects on Oxygen Precipitation Induced by MeV Implants in CZ-
Sfficon

E.Rimini1. V. Raineri1, A. La Ferla1 , G. Galvagno1, A. Camera2 and A.
Gasparotto2

!CNR-IMETEM - Stradale Primosole, 50 -1 95121 Catania, Italy
2Dipartimento di Fisica, Universita di Padova - via Mazzolo, 8 - I 35131 Padova,
Italy

Al, C, Si, P and As ions have been implanted in CZ-Si samples in the energy
range 2-7 MeV. During thermal annealing (800-1200 °C) the implant induced
damage interacts with the pre-existing O forming SixOy clusters and defects.
Transmission electron microscopy was used to characterise the damage for all
the considered species while by secondary ion mass spectrometry the amount
and the distribution of precipitated impurities have been evaluated. While the
ion implantation processes were performed in such a way to obtain the same
calculated distribution of displaced Si atoms, the morphology and the density of
extended defects are really different for the employed species. Dislocations are
seen in the annealed As and Si implanted samples, while precipitates are
visible in the C and Al implanted samples. Moreover the gettered O content is
affected by the amount and the type of the generated defects. Alter 20 min at
1000 °C, the amount of precipitated O atoms is 6.8xlO13/cm2, 1.2xlO14/cm2,
2.0xl014/cm2 and 3.3xlO14/cm2 for As, Si, C, and Al implants respectively. We
explained the experimental results considering the interaction between the
implanted impurities and the interstitials produced by the implant. Species
that getter interstitials, like Al and C, inhibit the extended defects formation
while enhance the O precipitation. In particular, for Al implants the strong
interaction between Al and interstitials Si increases the O precipitation
phenomenon. Moreover, also Al participates to the cluster formation reducing
its electrical activity. The O precipitate evolution was quantitatively
investigated for several annealing temperatures and times, and the results are
described in terms of a simple model.
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Material Issues and Device Performances for Si-based Optoelectronics

S. Coffa1. F. Priolo2, C. Franzo2, A. Polman3, S. Libertino2, A. Camera4

iCNR-IMETEM, Stradale Primosole 50, 195121, Catania, Italy
2Dipartimento di Fisica, Universita di Catania, Corso Italia 57, 195129
Catania, Italy
3FOM Institute for Atomic and Molecular Physics, Kruislaan 407,
Amsterdam, The Netherlands
4Dipartimento di Fisica, Universita di Padova, Via F. Marzolo 8, 195131
Padova, Italy
Monolithic integration of optical and electrical functions in crystalline Si
would have a large impact in the field of chip interconnections and optical
communications. This work demonstrates that the excellent electrical
properties of c-Si and the engineering of its optical properties by ion
implantation provides a promising approach to a Si-based optoelectronics. In
particular it is shown that an efficient light source at 1.54 um can be obtained
in Er-implanted crystalline Si. The efficiency of this process can largely
enhanced by O-coimplantation which is fundamental in order to obtain the
incorporation of a high concentration of Er ions and to maintain them
excitable also at room temperature. The crucial issue of the energy transfer
from the electronic system of silicon to the internal 4f shell of Er has been
investigated by deep level transient spectroscopy measurements which allow
us to determine those Er-related levels which are a gateway for this energy
transfer. The modification in the deep level spectra due to the presence of O
also provides a clue for understanding the role of this impurity in the process.
The achievement of sharp and intense room temperature electroluminescence
from Er-doped crystalline Si diodes under both forward and reverse bias is
reported. The temperature and current density dependences of the
electroluminescence yield provide interesting information on the excitation
cross sections and on the efficiency of the process. Finally the possibility of
high frequency operation using a silicon modulator integrated on the same
chip is discussed.
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Ion Beam Synthesis Of Planar Opto-Electronic Devices

A. Polman
FOM-Institute for Atomic and Molecular Physics Kruislaan 407, 1098 SJ
Amsterdam, The Netherlands

Photonic technology will be a driving force for many technological developments
in the coming years. It requires the modification and synthesis of new materials
for waveguiding, switching, and amplification of light, as well as for light sources
such as lasers and LED's. In all these areas ion beams play an important role.

High-dose Si implantation into SiC>2 leads to an increase in the refractive index,
thereby creating a planar optical waveguide. After annealing at 1000 °C, the
excess Si precipitates into nanometer size clusters, which show visible
photoluminescence due to a quantum confinement effect. The emission
wavelength can be tuned by varying the implantation and annealing conditions.

Implantation with optically active ions, such as erbium which emits light at 1.54
am, can be used to fabricate planar optical amplifiers. Results on Er-implanted
soda-lime silicate glass, AI2O3 and Y2O3 waveguides will be shown. The factors
limiting the Er concentration are studied and optical gain of 5 dB/cm is expected.
Upconversion, resulting in emission of visible light, is also observed.

Erbium has also been implanted in amorphous silicon, doped with H and/or O.
Due to its semiconducting nature, in this material Er ions can be excited
electrically, and room-temperature electroluminescence at 1.5 um has been
observed.

This talk will also review recent experiments reported in the literature, and
future research directions for this new field will be discussed.
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Planar and Strip Waveguides in Polymers by Ionizing Radiation

W.F.X. Frank*. B. Knodler1, A. Schosser1, A. Stelmaszyk1, D.M. Ruck2 and S.
Brunner2

iForschungszentrum Telekom, POB 10 00 03, D-64276 Darmstadt, Germany
2Gessellschaft fur Schwerionenforschung mbH, POB 11 05 52, D-64220
Darmstadt, Germany

Samples of polymers (Poly-(Methyl-Meth-Acrylate) and Polyimides) in
combination with different substrates were modified by ionizing radiation in
order to generate regions of increased refractive index. Ion beams of various
atomic masses at energies up to 200 keV/u as well as deep UV radiation (A. <
280 nm) were used. Planar waveguides as well as strip waveguides were
generated. Passive components e.g. Y-branches, l:2n -splitters and Mach-
Zehnder interferometers were fabricated. The optical properties such as mode
spectra, index profile, beam profile and attenuation were measured at
different wavelengths. All waveguides are single mode at 1320 nm and 1550
nm. The chemical processes in the material during exposure to ionizing
radiation were studied by spectroscopic methods (FT-IR, NMR, UV-VIS-NIR).
The different absorption mechanisms depending on the two irradiation
processes are discussed. A critical comparison of the two methods is given.
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Ion Beam Muring in Quantum-Well Structures for Wavelength Shifted Optical
Waveguides

J.Z. Wan, B.B. Elenkrig, D.A. Thompson and J.G. Simmons
Centre for Electrophotonic Materials and Devices, McMaster University,
Hamilton, Ontario, L8S 4L7, Canada

Structures consisting of strained and lattice matched InGaAs(P) quantum-
wells (QWs) in InP have been subjected to bombardment with He+, F+, N+ and
P+ ions followed by rapid thermal annealing in order to modify the QWs and
induce a change in the bandgap. The ion bombardments were carried out at
temperatures of 300-523 K using either (i) ions with sufficient energy to locate
the maximum ion-induced defect concentration in the region of the QWs, or (ii)
low energy ions whereby the defects are constrained to the cap layer above the
wells. Photoluminescence (PL) measurements have shown that the maximum
usable dose for all ions is ~1013 cm2. At this dose, following a 20-30 s anneal at
973 K the maximum blue-shifts of 40, 130 and 140 meV are obtained for He+,
Ne+ and F+ respectively. However, the PL intensity only recovers to -10% of the
original value. For the type (ii) implants smaller blue-shifts (-55 meV) are
obtained but with little loss in PL signal. The behaviour of the different
composition (strain) wells is explained based on the (InGaAsP) compositional
diagram and evidence given of faster group III inter diffusion.
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Ion Beam Induced Interdiffusion at the InGaAs/InAlAs Interfaces

T. Kimura1. S. Yamamura1, K. Suzuki1, S. Yugo1, R. Saito1, M. Murata2 and
T. Kamiya3

iUniversity of Electro-Communications, 1-5-1 Chofugaoka, Chofushi, Tokyo
182, Japan
2Sumitomo Electric Industries, Ltd., 1 Taya-cho, Sakae-ku, Yokohama 244,
Japan
3University of Tokyo, 7-3-1 Hongo, Bunkyoku, Tokyo 113, Japan
Enhanced interdiffusion at the InGaAs/InAlAs interfaces by ion implantation
of various ion species is studied. InGaAs quantum wells of 5 nm width
sandwiched by InAlAs barrier layers are implanted with Si, B, and Al ions.
Thereafter, interdiffusion during the post-implantation annealing is studied
by monitoring the shifts in the photoluminescence peak energy from the
InGaAs quantum wells. In the initial annealing stage, fast and large
interdiffusion is observed, whereas a slow interdiffusion is observed in the
succeeding annealing stage. The former is caused during the re-arrangement
process of Ga, In and Al interstitials formed by ion implantation - defect-
induced interdiffusion. Light ion (B) implantation forms more In interstitials
than Al interstitials, leading to In «• Ga interdiffusion, whereas heavier ion
(Si, Al) implantation forms much more Al interstitials, and Ga <=> Al
interdiffusion is enhanced. The latter slow interdiffusion is caused by the
diffusion of implanted impurity species, - impurity enhanced interdiffusion.
This is large in case of Si ions which behave as donors in InGaAs layers. The
magnitude of interdiffusion and the resulting change in the energy gap are
estimated as functions of implanted dose, annealing time and annealing
temperature.
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The Use of Low Energy, Ion Induced Nuclear Reactions for Proton
Radiotherapy Applications

K.M. Horn1. B. Doyle1, M. Segal2, E. Glatstein3, R. Adler4 and .B. HammS
^andia National Laboratories
2University of New Mexico Medical School
3University of Texas Southwest Medical Centre
4North Star Research Corporation
5ACCSYS Corporation

Medical radiotherapy has traditionally relied upon the use of penetrating
electron beams, brehmstrahlung-produced x-rays, localized insertion of
radioisotopes (brachitherapy), and high energy proton beams (proton
radiotherapy/radiosurgery) as the means of delivering radiation to tumors.
However, many other techniques for generating radiation exist in the physical
sciences that may prove to be useful alternatives to some current modes of
medical radiation delivery - with reduced total dose to surrounding healthy
tissue, lower cost, or increased accessibility. This paper will briefly describe
several innovative concepts currently being developed at various labs for the
production of protons, neutrons, and coherent x-rays, and then describe, in
detail, the potential use of the 650 keV d(3He,p)4He nuclear reaction for
radiotherapy applications. This description will encompass the basic physics
associated with this nuclear reaction, as well as the fabrication of the target
materials necessary to produce the 17.4 MeV protons at the tumor site.
Calculations of the delivered radiation dose, heat generation, and required
exposure times are compared to experimental data for system configurations
that produce either a point-source of radiation (exposing a sphere of tissue 6.2
mm in diameter) or a broad area exposure (with a penetration depth of 3.1 mm
in tissue) suitable for treatment of skin tumors. The utility of small, lower cost
ion accelerators, such as embodied in current folded-tandem' or radio frequency
quadrupole accelerator designs is examined, as is the potential use of high-
output 3He negative ion sources. Finally, possible clinical applications are
discussed in terms of the advantages and disadvantages of this technique with
respect to current radiotherapy methods and equipment.
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Ion Bombardment into Inner Wall Surfaces of Tubes and their
Biomedical Applications

M. Iwaki1. A. Nakao1, M. Kaibara1, T. Fujihana2, H. Nakajima3, Y. Suzuki4 and
M. Kusakabe4

lrThe Institute of Physical and Chemical Research, Saitama, Japan
2Advanced Technology Inc., Yokohama, Japan
3Teikyo University, Itabashi, Tokyo, Japan
4Corporate Research Lab., SONY Corp., Shinagawa, Tokyo, Japan

A study has been made of ion bombardment into inner wall surfaces of test tubes
to develop the hybrid type small diameter artificial vascular grafts. Substrates
used were segmented polyurethane (SPU) coated glass tubes that were 1.5 mm
in inner diameter and 50 mm in length. Ne+ ion bombardment into inner wall
surfaces of SPU coated glass tubes was per- formed at an energy of 150 keV with
a fluence of about 3xlO15 ions/cm2 at the tilted angle of about 88 degrees. The
surface modification of inner wall surfaces was confirmed by X-ray photoelectron
spectroscopy, that showed the formation of amorphous carbon structure in the
inner surface of tubes by Ne bombardment. Endothelialization was performed on
the Ne-bombarded SPU coated inner wall of a glass tube although it could not be
done before ion bombardment. The femoral artery has been replaced by the new
artificial graft, which has been exposed to blood for 24 hours. The new graft
demonstrated 100% patency. The development of artificial vascular grafts may
become feasible by ion beam modification of inner wall surfaces of tubes.
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Ion Implantation of Wool

S. Sivagurunathan1. N. Bracks, J.C. Kelly3 and R. Postle1

1Fibre Science & Technology
2Surface Science & Technology
3Physics, University of New South Wales, Sydney 2052, Australia

Investigations of the complex surface structure of wool and the production of
favourable modifications have been underway for centuries. The naturally
hydrophobic surface of the wool fibre is usually made more hydrophilic, for
dyeing and other textile treatments, by immersion in aggressive chemicals,
whose subsequent disposal is now becoming an environmental problem. The
use of energetic ions, as beams or in a plasma, shows promise of providing a
means of surface modification which is simpler, less hazardous and much
more environmentally acceptable. Coupled with new methods of analysis it
offers the promise of a better understanding of the basic processes involved. We
report here some results obtained on ion implantation of wool by argon and
oxygen ion beams. We have made a mass spectrometric analysis of the release
of a number of gases, both under irradiation and by vacuum heating and
related this to irradiation induced changes. The wool surface modifications
have been studied by SEM. The results of XPS measurements which show
changes in the oxidative states in the surface atomic species, in particular
Carbon and Sulphur, will be presented.
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The Effect of Dense and Dilute Collision Cascades on Helium Bubbles in Metals

S.E. Donnellv1. R.C. Birtcher2 and C. TemplierS
iJoule Laboratory, Science Research Institute, University of Salford, M5 4WT,
U.K.
2Materials Science Division, Argonne National Lab., Argonne, IL 60439,
U.S.A.
3Laboratoire de Metallurgie Physique, University of Poitiers, 86022 Poitiers,
France
The evolution of small helium bubbles in thin gold and aluminum foils has
been followed during irradiation with high energy heavy ions (400 keV Ar+ and
Xe+) using in-situ transmission electron microscopy. Substrate materials were
chosen in order that the heavy ion irradiation would produce dilute
(aluminium) and dense (gold) collision cascades. Significant differences in
bubble behaviour are observed in the two cases, the major effect of dilute
cascades being bubble shrinkage due to helium resolution by direct
displacement of the gas out of the bubbles. Effects observed for dense cascades,
however, include the disappearance and Brownian motion of bubbles under
irradiation. The paper will present recent experimental results as well as
simple numerical modelling of the observed behaviour. In particular, our
interpretation of the dense cascade efects is consistent with the type of
displacement and thermal spike processes that recent molecular dynamics
simulations have indicated may be important in radiation damage in metals.
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Beam-Solid Interactions: Directional Mass Transport by Momentum
Transfer

L. Cliche1, SLfioQr&a.1, M. Chicoine1 and R.A. Masut2

1D6partment de physique, University de Montreal, C.P. 6128 succursale centre-
ville, Montreal PQ H3C 3J7, Canada
2Department de genie physique, Ecole Poly technique, C.P. 6079 succursale
centre-ville, Montreal PQ H3C 3A7, Canada

Interactions between ion beams and solids are usually described in terms of
energy transfer from the ion to the solid. We have now discovered a directional
effect, related to the momentum carried by the fast ion. Amorphous InP regions,
ion implanted with Se ions of 2 - 30 MeV energy, were found to be laterally
displaced relative to adjacent non-implanted regions of the same substrate, but
only if the ion beam was not perpendicular to the surface. The direction of the
displacement suggested that the effect is caused by transfer of momentum. A
simple model incorporating (1) the lateral component of the force exerted on the
solid as the ion slows down and (2) the dependence of the viscosity of the
amorphous solid on the defect density has been developed. Within this model, a
variety of experimental results could be described, for example the dependence of
the lateral displacement on projectile mass, projective energy, and beam fluence.



10 February 1995

Session 17

MATERIALS MODIFICATION

Chair:

L. Clapham

Friday

10.30 a.m.- 1.00 p.m.



17.001 AU9716571

Systematic Study of the Ion Beam Mixing of Oxide Markers into
Alumina

Michael Nastasi. Elizabeth A. Cooper, and Harriet Kung
Los Alamos National Laboratory, Materials Science and Technology Division,
Los Alamos, New Mexico, 87545, U.S.A.

We have completed a systematic study of ion beam mixing of thin marker layers
into amorphous alumina. The degree of mixing was found to be controlled by
thermodynamic factors, the nature of the marker (oxidation state), and matrix
crystallinity. Ballistic mixing was observed for all markers, but the mixing of
some oxide markers exhibits a thermally activated regime at higher
temperatures. The experiments were conducted from a low temperature of -170
C to a maximum temperature of 750 °C. 210 keV Ar was used to ion beam mix

the marker layer at the various temperatures. The marker spreading was
analyzed using RBS.

The mixing of one marker (Fe2C>3) into crystalline alumina (sapphire) was
compared to that of the amorphous alumina. It was found that the marker mixed
asymmetrically into the two matrix materials, with a higher degree of mixing
into the amorphous matrix. Recent TEM cross-section results verify that there is
a preference for the marker to mix into the amorphous alumina layer
preferentially to the crystalline layer.

o,
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Ion Beam Mixing and Radiation Enhanced Diffusion in Metal/Ceramic
Interfaces

K. Neubeck1. C.E. Lefaucheur1, A.G. Balogh1, H. Hahn1, D.M. Riick2 and H.
Baumann3

1Materials Science Department, Technical University, Darmstadt, Germany
institute for Heavy Ion Research, Darmstadt, Germany
3Institut fur Kernphysik, J. W. Goethe Universitat, Frankfurt, Germany

Ion beam techniques are frequently used to modify the physical properties of
materials. It is the aim of this contribution to obtain information on ion beam
effects on irradiated metal/ceramic interfaces with bilayer geometry. Ion beam
mixing and radiation enhanced diffusion have been investigated in CU/M2O2,
A11/AI2O3 and Au/ZrO2 samples. Specimens, with film thickness of 60-70 nm,
were prepared by vapor deposition and irradiated with 150 keV Ar+ ions in the
range of 1.8x10*6 to l.SxlO1^ Ar+/cm2. Sample temperature during irradiation
was varied between 77 K and 673 K. The mixing behavior was analysed using
concentration depth profiles measured by Rutherford Backscattering
Spectroscopy (RBS) and X-Ray Photoelectron Spectroscopy (XPS). The results
show that mixing efficiencies for all elements scales linear with the Ar+ ion
dose. Radiation enhanced diffusion is clearly separated from temperature
independent mixing processes. The migration enthalpy for interdiffusion is
determined for the different metal/ceramic systems. Additionally, different
irradiation effects near to the interface, including mobility, defect trapping and
chemical affinity of certain elements will be discussed in detail.
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Structural Disorder in Co-Doped and Undoped Zirconia

N. Bordes1. R. C. Ewing1, K. Sickafus2 and M. Nastasi2

1University of New Mexico, Department of Earth and Planetary Sciences,
Albuquerque, NM 87131-1116, U.S.A.
2Los Alamos National Laboratory, MST-4, Los Alamos, NM 87545, U.S.A.

Undoped and Co-doped single crystals of yttria-stabilized zirconia (YSZ) were
irradiated with heavy ions at cryogenic temperatures to determine the
amorphization threshold. Thin-foil YSZ crystals irradiated with 1.5 MeV Xe+

ions at 20 K were observed in-situ by transmission electron microscopy (TEM).
Both undoped and Co-doped YSZ remained fully crystalline to a high dose of
1.5xlO16 ions/cm2. Bulk YSZ crystals were also implanted with 400 keV Xe+

and Ar+ at 100 K and 300 K to fluences ranging from 2.8xlO14 to lxlO17

ions/cm2 . Ion-beam channeling (IBC) was used to assess damage
accumulation. IBC experiments revealed that implantation damage was
maximum at the depth corresponding to the damage peak for a given ion and
energy as estimated with TRIM. Moreover, damage between the surface and
the damage peak was found to grow with increasing ion dose. A fully random
IBC spectrum was observed for both undoped and Co-doped YSZ at a dose of
lxlO17 ions/cm2, indicating that amorphization of YSZ was achieved at this
fluence. The microstructure of some of the irradiated samples was examined
by TEM to compare with observations made previously on spinel which
exhibits a similar response to cryogenic, heavy ion irradiation, however at a
lower fluence (1 xlO1^ ions/cm2).
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The Substitutionality of Hf in Sapphire by Ion Implantation and Low
Temperature Annealing

J. G. Marques1, A.A. Melo1, Jr C. Spares1. E. Alves2, M.F. da Silva2 and K.
Freitag3

1Centro de Fisica Nuclear da Universidade de Lisboa, Av. Prof. Gama Pinto,
2 P-1699, Lisboa, Portugal
2Departamento de Fisica ICEN/INETI, Estrada National, 10, P-2685, Sacavem,
Portugal
3Institut fiir Strahlen-und Kernphysik, Nussallee 14-16, D-53 115, Bonn,
Germany
The effect of ion implantation and of post-annealing treatments on the surface
modifications of CC-AI2O3 in the form of sapphire or polycrystalline alumina
has been widely investigated. In particular, the amorphization of sapphire by
ion implantation was well studied for a considerable number of atomic species.
However, there is a considerable lack of data related with the annealing
behaviour of isolated point defects created by the implantation of ions with
doses in the range of 1012 to 1014 ionscnr2. The present work combines high
precision experiments using RBS/channeling and y-y-PAC techniques on
hafnium implanted c-cut sapphire and polycrystalline alumina. The
RBS/channeling experiments show that after implantation at room
temperature and before furnace annealing hafnium ions implanted at 100 keV
with doses of 5xlO14 cm-2 occupy the aluminium sublattice. The hyperfine
interaction experiments, however, show that the near surrounding of
hafnium is strongly damaged. Isochronal annealings performed in vacuum (4
x 107 mbar) at temperatures of only a few hundred degree Celsius are enough
to recover the hyperfine interactions signal in both sapphire and
polycrystalline alumina samples. This shows that point defects are mobile at
low temperatures. The annealing behaviour, is, however, quite different in
both samples. This has to be explained by the existence of grain boundaries
and impurities in polycrystalline alumina. As a conclusion it is shown that
the hafnium ions are ideal probes for model studies in CC-AI2O3 since they allow
direct information of the near surrounding of the probe atoms. The results are
discussed and compared with those obtained by other authors with iron
implanted 01-AI2O3 using the Mossbauer effect.
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Ion Beam Modification of Diamond

Ran Kalish
Physics Department and Solid State Institute, Technion, Haifa 32000, Israel

Ion beam modification of diamond is important for achieving doping by means
of ion-implantation as well as for understanding carbon film deposition
processes by various ion-beam related methods. Diamond is a unique material,
since it is an unstable form of carbon (graphite being the stable one). Upon ion-
impact the unstable (sp3 bonded) diamond structure may collapse into the
stable (sp2 bonded) graphite. This conversion needs to be understood in order to
be avoided (as required for electrical doping) or in order to be utilized (as done
in various, most recent, applications). Furthermore, the tendency of the
electrically insulating diamond to transform, under ion-impact, into
conductive graphite offers a unique way to study the basic physics involved in
the passage of individual ions through matter.

In the present talk we will survey the modifications that diamond undergoes
as a result of ion-induced damage, we will mention the practical applications
of it and will discuss the present status of ion-implantation doping of diamond.
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Ion Beam Modification of Fullerenes

L. Palmetshofer1 and J. Kastner2

1Institut fiir Experimentalphysik, Johannes Kepler University, A-4040 Linz,
Austria
2Institut fur Festkorperphysik, University of Vienna, A-1090 Vienna, Austria

Ion implantation of Ceo films produces various modifications depending on
implant parameters. First, bombardment with light ions at moderate doses
results in crosslinking or polymerization of Cgo molecules as evidenced by a new
line at 1463 cm 1 in the Raman spectrum. This process is correlated with the
electronic energy deposition. Second, ion bombardment (any ion species) destroys
C60 molecules and produces, at certain doses, an amorphous carbon layer. The
dose of amorphization depends on the ion mass, the amorphization process is
correlated with the nuclear energy deposition. Third, during implantation of
alkali metals at elevated temperatures (e.g. K, 30 keV, 300 °C) a large part of the
implanted atoms diffuses out of the implanted region into the depth where
doping of the undestroyed film occurs. K depth profiles have been studied by
secondary ion mass spectrometry and Rutherford backscattering. At high doses
of K (1017 cm-2) regions of K3C60 have been found below the amorphous carbon
layer both by Raman scattering and X-ray diffraction. The formation of the K
fulleride is determined by several thermodynamic processes such as segregation,
phase formation and diffusion. Due to a passivation effect of the amorphous
carbon layer the buried K-fulleride layers are stable on air.
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Cross-Sectional Raman Microscopy of MeV Implanted Diamond

David N. Jamieson. Steven Prawer, Kerry Nugent and Sean Dooley
School of Physics, University of Melbourne, Parkville, Victoria, 3052, Australia

The defect structures created in diamond by MeV H and He ion implantation
are studied using Raman microscopy. The diamond was irradiated edge on,
allowing the Raman spectrum of the damage to be resolved as a function of
depth from the ion implanted surface. This novel geometry, coupled with
polarization analysis, has allowed the vibrational spectra corresponding to the
ion implanted damage in diamond to be determined for the first time. Both the
position and the FWHM of the first order Raman mode at 1332 cm1 were found
to scale linearly with dose; a result readily interpretable as point-defect
induced strain in the implanted layer. The measurements allow a direct test of
the accuracy of TRIM for the assessment of damage in diamond.
Furthermore, the Raman measurements provide the first direct evidence for
the existence of amorphous (diamond-like) islands within the ion implanted
volume. Finally, several new families of sharp Raman lines are observed,
which are tentatively attributed to interstitial carbon defects and to ordered
vacancy arrays. The results are placed into context as part of attempts to dope
diamond using MeV ion implantation.
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Modification of Polyethylene by High-Energy Ar+ Irradiation: Analysis of
Reaction Products and Chemical Bonding Alterations

Gar B. Hoflund1. Scott L. Rex1, Vaneica Y. Young2, Dorothee M. Ruck3,
Jtirgen Eisenreich3, Christine Trautmann3, Dagmar Wagner3, Norbert
Angert3

1Department of Chemical Engineering, University of Florida, Gainesville, FL
32611, U.S.A.
2Department of Chemistry, University of Florida, Gainesville, FL 32611, U.S.A.
3Gesellschaft Fur Schwerionenforschung, POB 110552, 6100 Darmstadt,
F.R.G.

Polyethylene (PE) films have been irradiated with Ar+ of primary energies
ranging from 60 to 180 keV, and the neutral reaction products desorbed during
irradiation have been monitored as a function of dose using a quadrupole mass
spectrometer. The reaction products form a complex mixture of H2 and CxHy
species where x = 9 at low dose and decreases with increasing dose. This
decrease in x is due to a scissioning and cross-linking of the hydrocarbon
chains with a concurrent reduction in the H-to-C ratio. Changing the ion
energy does not have a significant effect on the product distribution or the
manner in which the product distribution changes with dose.

X-ray photoelectron spectroscopy (XPS) and infrared spectroscopy studies have
been carried out on the Ar+-irradiated PE films in order to determine how the
chemical bonding structure is altered. Analysis of PE films irradiated with 180
and 4 keV Ar+ exhibit similar changes in the electronic structure based on the
XPS C Is spectra, but the changes occur more deeply beneath the surface for
higher energy ions. The principle alteration consists of formation of a
graphitic phase as the C-H bonds are broken and H is depleted. When exposed
to air, this sputtered surface reacts chemically with oxygen to form various
organic species in the damaged, near-surface region.
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Plasma Source Ion Implantation : History, Successes, Failures, Challenges
and Future Prospects

J. Conrad1. J.P. Blanchard1, J.D. Callen1, D. Chapek1, A. Chen1, R.A. Dodd1,
G.A. Emmert1, R.P. Fetherston1, J. Firmiss1, M.P. Hong1, N. Horswill1, M.
Kissickl, S. Malik1, P.J. Marko1, R.J. Matyi1, K. Sridharan1, R.J. Adler2 and
Bill Home3

iUniversity of Wisconsin, 1500 Johnson Drive, Madison, WI 53706, U.S.A.
2North Star Research Corporation, 9931 Lomas N.E., Suite A, Albuquerque,
NM 87712, U.S.A.
3Empire Hard Chrome, 1615 S. Kostner, Chicaga, IL 60623, U.S.A.

In the past eighteen months since the First International Workshop on
Plasma-Based Ion Implantation, the field of this new ion surface modification
implantation technology has witnessed remarkable growth in the
understanding of the basic science and technology of the process, and
consequently, a growth in commercial interest in the process. This paper will
review :

•a historical overview of the development of PSII
•a brief summary of PSII physics and technology
•a summary of world-wide PSII activities
•a discussion of laboratory and industrial field test results with PSII
•recent developments leading to scale-up and commercialization of PSII
•recent extensions of PSII technology to semiconductor processing
•an assessment of future prospects for commercial development of PSII
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Synthesis Of Unattainable Ion Implantation Profiles - 'Pseudo-Implantation"

I.G. Brown. A. Anders, S. Anders, R.A. Castro, M.R. Dickinson, R.A.
MacGill and Z. Wang
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720,
U.S.A.

Metal ion implantation provides a potent tool for the formation of non-
equilibrium alloy layers for a wide variety of basic and applied materials
applications, but the technique is fundamentally limited in two important
ways: (i) the implanted species concentration is limited by sputtering of the
modified layer by the incident ion beam itself, and the sputter-limited retained
dose is often disappointingly low; (ii) the thickness of the modified layer is
limited by the maximum ion energy available, and for practical reasons
(implanter voltage) the layer thickness is often just a few hundred angstroms.
We describe here a method for synthesizing non-equilibrium alloy layers of
arbitrarily high dopant concentration and of arbitrary thickness. By
repetitively pulse biasing the substrate to high negative voltage while it is
immersed in the metal plasma from a vacuum arc plasma gun, a layer can be
synthesized that is atomically mixed into the substrate with an interface width
determined by the early-time bias voltage and with a thickness determined by
the overall duration of the process. The species is that of the vacuum arc
cathode material, which for this purpose can be a mixture of the substrate
metal and the wanted dopant metal. We have used the method to form a high
concentration Ta layer on the copper rails of an electromagnetic rail gun, with
total surface area treated about 3000 cm2; the Ta depth profile was flat at about
50 at% Ta in Cu to a depth of about 1000 A.

Work supported by EPRI, the ARO, and the U.S. Department of Energy.
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Nitrogen Plasma Immersion Ion Implantation of a Range of Steels

K.T. Short1. G.A. Collins*, N. Dytlewski1, R. Hutchings1, J. Tendys1, X. Li2, F.
Mahboubi2 and M. Samandi2

1 Australian Nuclear Science and Technology Organisation (ANSTO), Private
Mail Bag 1, Menai, NSW 2234, Australia
2Department of Materials Engineering, University of Wollongong, PO Box
1144, Wollongong, NSW 2500, Australia
We have studied the surface modification of steels with alloy content varying
from a few % through to austenitic stainless steel by Plasma Immersion Ion
Implantation (PI3 ™) of nitrogen as a function of treatment temperature and
ion dose/treatment time. We present a detailed description of the modified
surfaces by correlating results from XRD, cross section TEM, RBS and NRA
analyses with surface hardness and wear resistance measurements. A
complex layered structure of various compound and structural phases is
produced depending on treatment temperature, with corresponding increases
in surface hardness and wear resistance. At low temperatures (<200 °C), very
little in-diffusion of nitrogen (N) occurs, with the high N concentration
causing precipitation of various nitride phases and transformation from
austenite to martensite. The results are comparable to conventional ion
implantation. At high temperatures (>450 °C), the alloy content of the steel
plays a crucial role, determining the long range in diffusion depth of N and
influencing the precipitation of nitride phases such as CrN and Fe4N in the
near-surface layer. At these temperatures, the results are comparable to
plasma nitriding. In the intermediate temperature range distinct layered
structures form which are the result of the combined implantation/diffusion
treatment and which depend on steel type. Layers consisting of
nanocrystalline precipitates, a textured amorphous phase, a N rich expanded
fee phase can all be identified and an explanation for the observed behaviour is
presented.
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A Mewa Ion Source for Simultaneous Implantation of Gas and Metal
Ions

BJLJKslf1, H. Emigl, D.M. Riickl, P. Spadtke1 and E. Oks2

iGSI-Gesellschaft fur Schwerionenforschung mbH-Postfach 11 05 52, D-64220
Darmstadt, Germany
2High Current Electronic Institute Russian Academy of Science, Akademichesky
av. 4, Tomsk-55, 634055, Russia

A vacuum arc ion source has been developed which can deliver gas ions as well
as the metal ions from the cathode material. Depending on the gas and the
cathode material used, the amount of gas ions from the total ion beam can be
influenced by the strength of an axial magnetic field in the arc region. The
maximum ion current for gases varied from 5% for He+ to 95% for Xe+. With
titanium we found 30% Ti2+, N+ and N2+ each. Simultaneous implantation with
Ti and N with a similar range allows the formation of TiN buried layers, if the
conditions are properly selected.

By increasing the magnetic field to 0.1 to 0.2 Tesla one can also shift the average
charge state by 0.5 to 1 charge depending on the element used as cathode. This
effect allows higher implantation energies without increasing the acceleration
voltage.
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Simultaneous Mass-Separated Positive and Negative Low Energy Ion Beam.
Deposition Apparatus

YujJ..ffQrinQ1. Kanenaga Fujii1, Toshitake Nakata2 and Toshinori Takagi2

xOsaka National Research Institute, AIST (ONRI), 1-8-31, Midorigaoka, Ikeda,
Osaka 563 Japan
2Ion Engineering Research Institute Corporation (IERIC), 4547-15, Tsuda,
Hirakata, Osaka 573-01 Japan

We have developed a new concept low energy ion beam deposition apparatus.
This machine can generate mass separated very low energy ion beams with
positive and negative charges at the same time. This name is Taoatron and
nickname is PANDA (positive And Negative ions Preposition Apparatus). The
aimed specifications of this apparatus are as follows.

Ions positive: H, B, C, N, O, Si, Fe, etc.
negative: H, B, C, O, Si, etc.

Energy 10eV~20keV Current 10 uA (10 eV O ions)
Beam Size >10<t> Vacuum 3xl010Torr

This machine realizes ultra-pure materials formation including insulators.
We will present details of the machine and the first trial of film formation at
the conference.
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A Combined Apparatus for Magnetron Sputter Coating and Plasma
Immersion Ion Implantation

Bf Strieker. W. Ensinger and B. Rauschenbach
Universitat Augsburg, Institut fiir Physik, 86159 Augsburg, Germany

A combined apparatus for magnetron sputtering and plasma immersion ion
implantation is described. The plasma can be generated in two ways: one is a
DC discharge with a hot filament cathode, the other one is an electron
cyclotron resonance plasma source. The ECR plasma source is located on top
of a cylindrical vacuum vessel with 0.6 m height and diameter. The water-
cooled sample holder is inserted from the bottom of the vessel. The ECR
generated plasma is conducted by means of a solenoid which is located
between the plasma source and the sample holder. Additionally, it can be
confined around the sample by means of a multipole magnetic field with
permanent magnets. The insulated sample holder is connected to a high
voltage pulse generator which provides rectangular shaped pulses up to 100
kV with ion currents in the mA range. For coating, five magnetron sputter
units are symmetrically arranged around the sample. Sputter coating can be
combined with plasma immersion implantation to a sequential process for
depositing coatings with new features. The set-up of this combined apparatus
will be described in detail and results on plasma characterization will be
presented.
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Industrial Application of Ion Assisted Surface Modification

K. Kohlhof
Robert Bosch GmbH, Corporate Research, Dept. FV/FLD, P.O. Box 10 60 50,
70049 Stuggart, Germany
Ion technologies for the improvement of surface properties of material are in
change due to economic requirements. The beam implanter technology
developed for processing of flat semiconductor wafers is too expensive for high
dose surface modification of three dimensional steel components. We present
results obtained with a bandshaped RF ion source operated together with large
area magnetron sputter sources. Low dose Ar+ ion beam mixing is performed
to promote the adhesion of hard TiN protective coatings -deposited at a
temperature of 200 °C onto ball bearing steel. By a rotating mechanism film
deposition andion implantation are alternated and the surfaces of a lot of parts
can be modified within the same charge in a cost effective way.
As an alternative approach we investigated the use of the deposition plasma as
an inexpensive and reliable ion source. Ion density can be enhanced and its
distribution can be enlarged by a suited magnetic field arrangement. The ions
directed normally to the samples by a negative bias potential are used for
conditioning of the surfaces and to improve the structure of wear resistant
coatings.

Finally the use of a pulsed bias instead of a DC potential will be discussed to
allow an omnidirectional ion treatment of three dimensional structures.
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