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Moore’s Law

Moore’s Law
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Units

Meter (m)

Millimeter (mm) = 10~ m
Micrometer (Wm) = 10° m
Nanometer (nm) = 107 m

Picometer (pm) = 102 m

Femtometer (fin) = 10" m
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What is Nano?




Length scales

Nanotube Smallest 2003 1970
lithographic Si transistor Si transistor
resolution (0.13 um) (10 um)

Protein Virus

| |
10 nm 100 nm
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What 1s nanotechnology?

* “Top down” approach
— Micron scale litho graph}r
* optical, ultra-violet
* Focused Ion Beam

— 10-100 nm
* Electron-beam lithography
* “Bottom up” approach
— Chemical self-assembly
* Man-made synthesis (e.g. carbon nanotubes)
* Biological synthesis (OINA, proteins)
— Manipulation of mdividual atoms

* Atomic Force I‘x-{i-::roscopj,?
. Scmming Tunnehng MICLOSCOPY
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Nanotechnology 1s

multidisciplinary:

Electrical
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A briet history of nanotechnology

Democtitus 1n ancient Greece: concept of atom
Ruthertord, 1900: discovery ot atomic nucleus
Feynman, 1960: speech at Caltech

Drexler, 1986, 1992: Eungines of Creation,

Nanosystems
Clinton, speech, Caltech, 2000
National Nanotechnology Initiative since 2000
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Nano-m anufacturing

Lithogmph}r can do 10 nm
Tricks to 2 nm
Biosysteﬂls can add 2 carbon atoms at a time

— typical 1in lipid brosynthesis

— enzymes are nano machines
We do not know how to design enzymes, only
copy them

As such, nanotechnology does not yet exist
according to Drexler’s detinition
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Some nanotechnology uses

Nancpartic]es:

— Catalysts for industnial chemical processing
Nanocapsules

— Possible organ specific drug delivery
Nanomaterials

— Improved strength and weight

— E.g. cartbon nanotube based matenals could be stronger and lighter than steel
Nanomechanical dewvices

— RF signal processing
Nanofluidic devices

— Lab on achip
Nanoelectronic devices (focus of this course)

— Computation

— Communication

— Nano-bio-electronic interfaces
* Chemuical and biclogical weapons detection

* DINA sequencing
* TPomnt-of-care clinical diagnoses
* PFundamental studies of molecular biclogy
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Modern Alchemy (I)




Core Process Techniques at CCMS-AML

e Microwave plasma
e Electron-cyclotron-resonance plasma
C_V[) e Thermal- and MO-CVD
Inductively Coupled Plasma

Gas phase reaction, Gas-solid interaction
Formation kinetics

Magnetron sputtering
lon beam sputtering

Atom- and lon-beam assisted PVD
Molecular beam epitaxy
Hydrogen vs. H-free growth environments

Film formation via physical route (varying K.E.) vs. chemical
route (reactive sputtering)

Highly energized vapor deposition/etching processes
under situations far away from equilibrium




Gas Phase Syntheses
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(J. S. Horowitz and J. A. Sprague, Chap. 8, Pulsed Laser Deposition of Thin Film,
Eds., D. B. Chrisey and G. K. Hubler, Wiley Interscience)




Schematic of Chemical Vapor Deposition

Main gas flow
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Important reaction zones in CVD




Nucleation and Growth of Films:
The Three Conventional Modes
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Selection of Growth Modes

Controlling Parameters:

Superlattice
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Photomasks

Design geometry on computer.
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Last modifed 4/1/2003

Mask fabrication

il

Dark room (1/20 reduction)

EECS 217C Nanotechnology & 2003 F. Butke

transparency

After Exposure
Developer
Stop bath
Fixer




Spin on photoresist

VDL g ai gL T

AE

Photo resist spinner
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Soft bake

| Oven for soft baking of photo resist
(at 90C for 30 min)
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Hxpose to UV light

Development
For Shipley 1827
Water : MF351 =5.5:1

Mask Aligner
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~ Exposed regions
dissolved in developer
leaving bare wafer

This is the step which limits
the spatial resolution.
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Thermal evaporation

Alumina coated W boat

Useful for e g.

Al, Ni, Au, Cr, Ti, NiCr, Pb, Sn
Thermo evaporator
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“-beam evaporation

Electron beam
evaporator
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Liftoff

Opening of photo resist
for Ti/Au gate

After deposition of Ti/Au,
then soaking in acetone
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Resolution of optical lithography

Contact printing

Z is resist thickness
(typically 0.1-1 um)

Projection printing

NA is numerical aperture
(typically 0.5)
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Light sources

Source A Resolution
Hg lamp (g-line) 436 nm 400 nm
Hg lamp (1-line) 365 nm 350 nm
KcF 248 nm 150 nm
ArH 193 nm 80 nm

F2 157 nm research

1509 Buisealoul

Extreme UV, x-ray lithography research topics.
Difficulties lie in sources, and materials for optics and masks.
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electron wavelength small
beamsize 1 nm
resolution from scattenng
typically 10 nm
— Flexibility
* All pattems under computer
control

Disadvantages
— Cost
* Need hugh vacuum

* Need preasion electron focusing
magiets
— Throughput
* Only one pixel exposed at a ime
* Not commercially viable except
for a few applications

In spite of its disadvantages,

final lens
elactron detactor

chamber

computer VACUUM Sy5iam

vibraton isolation table
pattarm data storage

Rete g SPIE Handbook of Mo itiography, Mcmomachnig, ard Micntabicaton
avaliabke atitpiwew catcone ledvspkbookoo.itm

e-beam lithography is the main tool for nanotechnology research.
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epitaxial growth

Also InP, InGaAs, InAlAs, InGaAsP ...
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Characterization

Optical Inicroscopy cannot see better than

wavelength of light, ~ 1 um
Transmission electron MICLoscope (TEI\-'[)

Scanning probe microscopy (SPM)

Atomic torce microscope (AFM)

Last modified 41,2003 EECS Z17C Nanotechnolegy & 2003 F. Burke







First Place
in Science as Art, MRS-2008

ti_}’nt/?;ﬂ ¢

l')‘ \\ The scommirg &)
LY
CCMS : 0KV 100,000  100nm W 8 Smm { '!F-"'-Lﬂ'-‘_‘.' (MBE) pry
indinm and a hig
ronrce, Inydrazoic
Nenotech, a cuttin
reveals the essentis
wilkere timy bt exgu
the world Among
Taiwar - an iskand
sl on e pla
beautifully

work

and L. Knei-Hrien
Subrritter & Editg
(Department of A
o Engineering, NTHU
SEI 50k X55,000 T00nm WD 5.1mm Email: 493751 750




g8
TifT

Iﬁl 1

=
1=
i
g
e
di=

._.I—
syl
pre=a




&t &t

1% 5t 45 %) B 5 5145 ) By

.

X X
B— - 2ERBESATEE







STEMPack
can system

HAADF

Entrance
aperture

Energy
filter




TEM (EELS)
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Composition Analysis

LEL (mE A R)

. EDS (X&f40ix £ 47 4 #7 &%)

. AES (Bt 7 + 3k 3¥)

. NMR (i< dmit 3% 4 47 )

. ICP MASS (% + 8 & & R 73#)
. MALDI ( Matrix-assisted laser
desorption/ionization )




NMR, MRI




MALDI ( Matrix-assisted laser
desorption/ionization)

Schematic of Matrix
Assisted Laser
Desorption/Ionization
time-offlight mass
spectrometry.




Structure Analysis

1. XRD (X 3k 3554)

2. TEM (7 & 3% 7 = Bg pigdn)
3. FTIR (4= ¢k k3 )

4. Raman (F & k)
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. Optical Absorption (% 4z & 3¥)
. Photoluminescence (% =& sk )
. STS (¥ $a 7 "%k &g i)

. XPS ( Xk T 3 k¥ )
. I 45 547R| £ (SRRC)




Photoluminescence (PL & CL)
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(5)

(6)

Cr 2p spectra for chromate coatings dried at different temperatures

(&) dried at BO°C
— (bl dried at 110°%C
()1 dried &t 210%C 2,

585 a0 375

Binding Energy (2%
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. A E E G Bp) £ (Thermal conductivity)
. EE A 17(TGA)
. 7 1R (DSC)

. SQUID (Superconducting Quantum
Interference Device)




TGA & DSC
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SQUID (Superconducting
Quantum Interference Device)

12 -

A SQUID (Superconducting QUantum Interference Device) is the mo: - Annealed
sensitive type of detector known to science. Consisting of a super- 8 - ;
conducting loop with two Josephson junctions, SQUIDs are used to —+ As atomized
measure magnetic fields.
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Length scales

Atoms

— ~ angstrom 10-19 m

Light

— wavelength ~ Um

Electrons
— De Broglie wavelength = h/p (quantum mechanics)
— = sqrt (150/V) m angstroms (V 1s energy i volts)
~0.1-10 nm

If a nanoelectronic circuit element 1s about the size of an
electron wavelength, wave nature will be oruwa/

— Conductance quantized at these small scales i units of e2/h

Mean free path (MFP)
— 10 m in metals at room temperature

— 10* m 1 ultra high quah'ty semiconductors at low
temp eratures
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Energies

¢ Electronic transistion energies

_~110eV

e Fermi energy
— 1-10 eV 1n metals

— 1-10 meV 1n semuconductors
e kT

— 30 meV at room temperature
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