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— Characterization

— SOA device applications and potentials
e Homework or quizzes

— every 1-2 weeks
e Exams

— Mid-term: Wikipedia entry - literature search report on a topic
* (4-5pages)
— Final: proposal
e Group project ( 2 — 4 students self-assembled)
e 12-15 pages total
e Grades

— 30% HW, 30% Mid-term, and 40% Final



handtechnolofy buntding blocks

Bottom-up: Epitaxia growth (MOCVD,
MBE, etc.)

Self-assembled quantum dots and anti-dots

Patterned and templated growth

VLS nanowires (highly anisotropic growth)

SAE nanowires (highly anisotropic growth)

Top-down: lithography and etching

Combination of bottom-up and top-down

Surface passivation

ALD, wet-chemical, etc.




3. Characterization of various
nanotechnology building blocks

Structural — morphol ogx, Qrientation

crystallinity, strain, compliance, and defects | SEM, TEM, AFM, STM, X-ray, EBIC | 0.5
Chemical — composition and impurity SIMS, EDS, EELS, Auger, XPS 1
Optical fehivelpimppiobe; T 2
Electrical 1V, CV, conductive AFM, STM 0.5
Midterm exam
4. Nano-devices
for light emission and detection Nanowire waveguide, LEDs and lasers | 2
Nanotube resonators 1
Nanowire detectors 1
for energy conversion Nanowire photovoltaic 1
Nanowire thermoel ectric devices 1
for extending | C roadmap Nanowire and nanotube finFET etc. 1
for sensing Resonator and transistor based etc. 1
misc. Nanofluidics etc. 1

5. Nano-systems and manufacturing

field induced assembly, dry transfer
printing etc.




Books

o Texts: class notes and journal papers.

e Reference books (partial list):

— Handbook of Semiconductors and Nanodevices, by
Balandin and Wang, 2006 (in reference section in
Grainger)

— Epitaxy of nanostructures, By Shchukin, Ledentsoy,
Bimberg, Springer, 2004

— Semiconductor Nanostructures for Optoelectronic
Applications, By Steiner, Artech House, 2004

— Future Trends in Microelectronics, by Luryi, Xu,
Zaslavsky, John Wiley & Sons, 2007




— Chemists and Biologists: atoms (3A), DNA (2 nm),
colloidal chemistry

— Engineers: QW laser, nano-transistors

"It is not who is right, but what is right that is of
importance.” T. H. Huxley

Engines of Creation:
Drexler The Coming Era

of Manotechnology
I




Facts and Hype

Engineering village search —
— Nano: 158, 499

— Nanotechnology: 118,349 INVESTlNG n
— Nanowire: 31,205 NANOTECHNOLOGY
— Quantum Dots: 61,753

Popular Press

Scientific Journals targeting
Nano specifically

— Nature Nanotechnology

— Nano Letters

— ACS Nano
— Nanotechnology Theles still plentyof
— small Ee bElt the science

— |EEE Transactions on
Nanotechnology
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Semiconductor bandgap

Direct band gap

 High mobility

Bandgap Energy (eV)




SIZE MATTERS

When we get to the very, very small world---say circuits of
seven atoms---we have a lot of new things that would happen
that represent completely new opportunities for design. Atoms
on a small scale behave like nothing on a large scale, for they
satisfy the laws of quantum mechanics. So, as we go down and
fiddle around with the atoms down there, we are working with
different laws, and we can expect to do different things. We
can manufacture in different ways. We can use, not just
circuits, but some system involving the quantized energy levels,
or the interactions of quantized spins, etc.

Richard Feynman, December 1959




Electronic Properties vs Size
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Electronic Properties vs Size

Shape dependence ot
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Electronic Properties vs Size

e (CdSe quantum dots that are
increasing in size (left to right).

e Optical absorption spectra of CdSe
nanocrystals dispersed in hexane
and corresponding TEM avg. size ~ oA
distribution ( 12 — 105 A). J. Am.
Chem. Soc., 115, 8706 (1993)
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Electronic Properties vs Size

lasers €2 S Bf"“fg
. — £,
e Quantum size T
effect — discrete
Eg{GaAI.ﬂ.s} Eg{GaAs]'_
energy level —
constant DOS at - Eurn ‘
1h
)
each step S e R e
Y t
— Lower threshold £y -
. . Fig. 1. § -well potential that is characteristic of an Al _
— Narrow linewidth léam-ﬁcll:g: :: Aspgu?:ltt;mwzﬂ llief;aru:tr:;s;:. GF:rn welf ﬁ}:ﬁlﬁ;
L, < (the carrier deBroglie wavelength), size quantization occurs
— Tempe rature and results in a series of discrete energy levels given by the bound
Stab|||ty state energics of a finite square well. A potential well exists in both

the conduction band and the valence band giving rise to a series of
bound states £, for the electrons, Epp;, for heavy holes, and Eyy,,, for
light holes.



Mechanical Properties vs

Young's modulus (GPa)
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® Experimental moduli for NWs
— Filted results using equation (3)
Experimental modulus for bulk ZnO (E,)
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Mechanical Properties vs Size
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 Coherent twin boundaries are effective grain boundaries in strengthening
materials

— Strengthening Cu when high densities of nm thick twins are introduced in subum sized grains.
— Below 15 nm twin thickness, Cu starts to soften.

* Two competing mechanism for hardening:
— dislocation-dislocation interaction in coarse twins
— Dislocation- twin boundary hardening in fine twins



Electrical Properties vs Size
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Thermoelectric Properties vs Size
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Nanophotonics: phonon engineering in nanostructures and nanodevices, Balandin, J. Nanoscience Nanotechnology, 2005



Thermoelectric Properties vs Size
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Thermoelectric Properties vs Size

® Vapour-liquid-solid nanowires
m Electroless etching nanowires
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Micro and nanoelectronics vs Size

continue the
miniaturization
process and
efficiency

e Path of non-Si
MOSFET
— CNT
— Graphene
— 1lI-V
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Non-Silicon MOSFET Technology

e Si-MOSFET 2008 worldwide chip sales > S2508B

e All compound semiconductor devices and chips ~
S20B: mostly photonic devices and chips
e Why Si dominant?
— Si inferior electronic and photonic materials compared to
e.g. GaAs
— Siis cheap

— SiO, — electronically exquisite, in contrast, nearly all
compound semiconductor native oxides are inferior

— Reversibility of ion-induced damage in Si

— Lack of a viable non-silicon MOSFET technology during the
early R&D efforts hampered its development.

— Stay on a revised Moore’s Law path

Price/performance



Micro and nanoelectronics vs Size
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Building Blocks Advantages

e Electronic confinement
« Surface sensitivity
 Mechanical compliance

. Quantu\r;l wells
uantum dots

Nanotubes and
nanowires

Challenges
* Wanomembrangs e Size and density control
e Surface states
Formation Mechanism e Precision placement
- Bottom-up * |ntegration

 Top-down
e ————————————————————————————




