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]&] Where are we?

Center for Irradiation of Materials, Alabama A&M
University Huntsville(Normal), AL
(http://cim.aamu.edu/ )
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]A%\] Introduction to CIM
-

* Jon Beam Modification of Materials
(IBMM)

e Materials Characterization
* Materials Processing/Synthesis




],,\%‘ IBMM

* Polymers
GPC, PPS, PMMA, PE, PTFE, PES, PS,
PVDC, PVC, ETF, .....

e Semiconductors




]A%\I Materials Characterization -. éi«
— 0 0,

* Elemental Analysis/Characterization
RBS, NRA, PIGE, PIXE, SEM, EDX,UPS, RHEED,
SAM, XPS/ESCA, 1SS, AES, PES (UV), PE-EM, ...

e Chemical Structure
FTIR, Micro-Ramman, RGA,TGA, Cyclic

Voltametry, ......
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* High Temp Materials (3000°C)
carbon based Composites

* Biocompatible Materials
* Thin films




] I Nanoscale Materials
/@ processing

* Nano-Crystals and Quantum Dots
(Powder, ..) (R&D)

* Nano-layers of Nanocrystals
 CNT +Composites (R&D)




]A@] Devices

 Hollowware Devices
Crucibles, Heat exchangers, ...

* Biocompatible Devices
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e Site Assessment
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MRS Symposium 1I1-S06:
“Materials in Extreme Environments”
CAARIOD6: A session & a roundtable
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MRS S07: Symposium GG
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3y Ion Beam Based Nanofabrication

It is increasingly apparent that ion-beam-based processing offers unique capabilities for fabrication and complex patterning of 3-
D, 2-D, and 1-D structures at the few-nanometer scale, (e.g., nanowires and quantum dots), and for custom tailoring of
nanocomposites, nanoporous materials, catalyst surfaces, optical materials, and nanoparticle assemblies. This
symposium addresses recent achievements, applications, and insights in such areas. It also seeks to identify potential
dimensional limitations to the future practical implementation of this approach.

Examples of appropriate topics include:

Projection ion-beam lithography and direct-pattern delivery, Focused ion-beam processing,
Nanoscale surface topography smoothing, ripples, orientation, etc, Surface activation for
selective bio-adhesion and molecular manipulation, Defect engineering, Optimization of ion-

beam processing, Resolution limits for pattern registration, Robust techniques for industrial
applications

Tutorial: A half-day tutorial complementing this s

osium is tentatively planned. Further information will be




Ion Beam Assisted Formation of
Nanolayers of Nanomaterials
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AAMU:

Faculty and staff:

D. ILA, R. L. Zimmerman, G. M. Jenkins, A. L. Evelyn, L. R. Holland, C.
I. Muntele, D. Nisen (R), I. C. Muntele, M. Schilloff, S. Sarkisov, Z.
Xiao, B. Zheng, H. Bowman, S. Budak, M. Saafi, A. Batra, A. Sharma,
R. Taylor, M. Alim, T. Montgomery, T. Kukhtareva, J. Wang, J.

Campbell, H. J. Caulfield, J. Fisher (Ind), G. Terry (Ind), S. Celaschi
(Ind), J. Williams (Ind),
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1A TEAMII -

1. NRL, ARL, AMRDEC, DOE Labs,
AFOSR, AFRL.

2. UAH, UAB, UA, AU, TU, GTRI, UCB, TSU,
USP, FU, EU, SU, NU, UA, DELF, UC-




lA%J ACKNOWLEDGEMENTS Héi«
(A2 o -

Supporting Agencies

- AAMU (AAMURI and CIM) (***)




IA%\) Past & Present R&D j;§<

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

« Formation of Nano-Crystal by Implantation followed by
Anneahng (early 90s, MRYS)
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< . .
. The Stopping Power Profile
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~#8- Polymer films are stacked

SPACERS

POLYMER
FILM



lA%J)LOR CHANGES IN IRRADIA'FE
- POLYMER FILMS
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MeV o-IRRADIATED PE ~ ~°
FILMS (5 x 10'5 IONS/CM?)
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m Raman Spectra From 5.0 Me%
<} Irradiated PES (1E16 cm2) **%
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Implantation Followed by

]A\] Annealing or Post Irradiation
e (95-2000)

Host After implantation After implantation
and annealing
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]A\] Implantation Followed by
(42

Annealing or Post Irradiation .,

~

(95-2000) B

Host After implantation After Post-Implantation
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Innovative clustering methods: post-
implantation ion bombardment

—
Host After implantation After implantaﬁgn(’_m%st-lmplantation
and annealing Bombardment
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 Producing NC @ lower 1nitial
implantation fluence or lower




IoNn view

Layered Nano-Structures
Cross sect
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]l%] Control Requirements jéf\i

> Size
»Location (X,Y,Z




A Synthesis : éi
&% Requirements &
»Mass Production

»Embedded




Layered Au NCs Formation by
Deposition and Post Irradiation

H Deposited Layers H H After Irradiation H
S102+Au : SIOZ XYY Y Y Y Y Y YY)
. —" POOGOOOOOOOOO
S102+Au
Si02+Au

S102+Au



Layered Si NCs Formation by

Deposition and Post Irradiation

H Deposited Layers H

S10 or Si

— . Sio,

H After Irradiation H




Deposited Layers H

Sio,
Si0

S1 NCs

After Er implantation
And Irradiation by MeV
Tons




Layered XYZV- NCs Formation by
Deposition and Post Irradiation

MeV lons

H Deposited Layers H H After Irradiation H

«—— Host

Host + XYZ

Host + XYZ
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Optical Properties




Mie Theory a<r<i
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* for Suprasil.
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Optical Density

AU in Silica
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350 keV Tin implanted into Suprasil-1 at room temp.

6 — ‘ 227 (nm) - ] |
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Data from 1997-1999

Figure 3. Radius vs. 1000/T(°K) for 1.2x 107Au/en at 36 MeV and 5x 10" Quine’ at 20 MeVinto
Suprasil(Fig. 3a, top). Fig 3bis 1.5 MeV Aginto Suprasil at fluences indicated. Also shown is

1.2x10" Aglam at 1.5 MeVinto MgO. 1.0 - I - I - I - I - I
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0.10

1 Density

(Co-Deposition of Au and Silica)
Gold-Silica film on Silica, Annealed at 1000°C
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Optical Density
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Optical Density

(Co-Deposition of Au and Silica)
2Z20nm, 3% Au in Silica, S MeWV Si
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3.0 MeV RBS from Gold-Silica Film on Carbon
800 - ! - ! - !

600 - _‘ L




m Au nanoclusters in Silica
o Au-Silica Co-deposited

Low Au Concentration High Au Concentration
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Metallic Nanoclusters 1n a Host
Material Cross Section View
Prep Parameters XXX Prep Parameters XXX

Layered Nano-Structures
Cross section view




Hyper-crystal-like materials using self-
assembled/self-organized nanostructures
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Au:S510,, 1.5 MeV protons
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Layered Structures
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Au and SiO, Layer after
Irradiation

Two layers of S10,/Au One layer of SiO,/Au




X-ray spectrum on a Au nanocluster (A) and between clusters (B)
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IA‘ Shape of Ol as NCs interact through

L0 thinner layers of SiO, Buffers
Kreibig, U. and Vollmer, M., Optical Properties of Metal Clusters,
(Springer-Verlag, Berlin Heidleberg, 1995), p. 167.
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VA\] Conclusion

 Combined Co-deposition and MeV
irradiation is a viable tool for formation of
regimented layered quantum dot systems
(layered structures)

* Nanocrystals interacting through
nanolayers




]I%] Example 2 j:éf\i

Thermoelectric Materials




]@l Introduction

Thermoelectric devices performance quantified by the
dimensionless figure of merit ZT

ZT=(S%0T)/x




]é' Introduction

Three ways to increase Figure of Merit

* Increase the Seebeck coefficient S




]Al Introduction — ‘
(A2 )

ZT=(S20T)x

Insulator . QWQD
Semiconductor

Semimetal

/T

A




Introduction

CIM.AAMU.EDU

R. Venkatasubramanian et al., Nature 413, 597 (200 ?

7T <24
\ \

Semiconductor Materials Technology in 1960’s

Nanoengineering Technology

1930 1940 1950 1960 1970

Year

1980 1990 2000 2010



]é' Introduction

Why Nanolayered?

Nanolayered superlattice heterostructures does increase ZT
(L. D. Hicks and M. S. Dresselhaus, Phys. Rev. B. 47, 12727




k%l Objective TE

1-  Produce multilayer of nanoscale

materials such as B1 Te,/Sb,Te,,
S102/S102+Au and many others




IoNn view

Layered Nano-Structures
Cross sect
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Phonon 1n quantum well

click mouse to see the detail




Phonon propagation in QDQW

click mouse to see the detail
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Results obtained by AAMU and

After 1.6 x 10 16

_others as of now
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e

@ 1x 1014

Bi T2y Sefe TeSeTe/PhTe
) QUANTUM DOTS
SUPERLATTIC
T 4 SUPERLATTICES
u
a

-
P
[
v
L
=
S Before®
Ll
% L
E 1-5 —
™ L
D i Bi Te Alloye
h i 2 =
L
= 1.0 | \‘ -
ST X
o .
E CSBI*TE."E -I:l
E L]
— = - r
Cos L L -_-
. .
. ] .#-
']-I:I l' 1 1 | [ 1 ] 1 1 1 | 1 1 ] 1 1 | 1 1 ] 1 1
0 200 400 00 a00 1000 1200 1400

TEMPERATURE (K)



Summary

« 50 to 1000 nanolayers were produced in house.

e  Post Irradiation reduced thermal conductivity, increased
electrical conductivity as well as increase Seebeck Coef.

«  Thus Figure of Merit increased.
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