“MeV Ion Beam Assisted Formation of
Pseudo-Crystals”
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Past & Present R&D
IA%I Achievements -

il

e Separating stopping power effects on thin polymers
(early 90s MRS and REI-Japan)

e Formation of Nano-Crystal by Implantation followed by
Annealing (early 90s, MRS)
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Produce highly dense QDs/NCs 1n order to take
advantage of the new optical, electrical and
thermal properties due to formation of

Objective




Implantation Followed by

IA\M Annealing or Post Irmdiatiolﬁ
= (95-2000)
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Implantation Followed by
Annealing or Post ]rmdiatiogz::
(95-2000)
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Innovative clustering methods: post-

implantation ion bombardment
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]/‘\M Advantage .

Irradiation induced NC formatlon

 Producing NC @
lower 1nitial implantation fluence

or

lower concentration in co-deposition




on view

Layered Nano-Structures
Cross sect
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What is the process?
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Use
Mie theory
to
Detect

the




Mie Theory a<r<i
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Examples




Example: Co-Deposition of Au and Silica,

then annealed
Gold-Silica film on Silica, Annealed at 1000°C
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Example: Au implanted in Silica, then
bombarded by Si lons
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Example: Co-Deposition of Au and Silica, then bombarded

220nm, 14% Au in Silica, 5 MeV Si
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How do you know if the QDs/NCs
are interacting?




Shape of QL as QDs/NCs interact through
IA‘ thin layers of Si0, Buffers —

T

Kreibig, U. and Vollmer, M., Optical Properties of Metal Clusters,
(Springer-Verlag, Berlin Heidleberg, 1995), p. 167.
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Example:
Many periods of S10,/S10,+Au on S10, Substrate
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Gold dots in Silica
“Cross section view”
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IA\M Au nanocrystal in Silica
o Au-Silica Co-deposited
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Sample Preparation process

Generate multilayer structure

Comprising alternate layers of insulator
And co deposited metal plus insulator

!

Irradiate structure hrough the layer plane
with ionizing radiation to generate

QDs/NCs
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Contact QDs/NCs Beyond
Layer Layers gupstrate  Substrate
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Layered Au NCs Formation by
Deposition and Post Irradiation
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Layered (any)- QDs/NCs Formation by
Deposition and Post Irradiation

MeV lons
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Metal contact
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Example of the Thermal
Conductivity
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Example of the Electrical Conductivity
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Summar T

&

Produced highly dense and localized
QDs/NCs taking advantage of the
short pulses of the highly localized

electronic energy deposited per unit




Applications

&

* Optical filters
* Sensors (Chem/Bi10)

« Highly Efficient Thermoelectric




