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Fabrication or synthesis

For industry, for research

• Compaction and consolidation
•Chill block melt spinning

Fig. 6.4
•Gas atomization

Fig. 6.5

•MBE
•MOCVD
•Sputter deposition
•Laser ablation
•Self assembly



• Mechanical properties

Tension on materials causes 
elongation and fractures, stess
builds up on the cracks and breaks  
bonds.  Edge and screw dislocations 
cause weak bonds. Grain boundary 
stops crack propagation. 

Brittle-to ductile transition





Stress  S = W / A     weight per unit cross-section

Strain  e = ∆L / L    

S = E e        Hook’s law

E = L W / A ∆L        Young’s modulus
materials which have smaller 

E are more elastic

Hall-Petch equation
σy = σ0 + k d -1/2

σ0 frictional stress opposing dislocation

Fig. 6.9   This works from bulk materials down to d ~ 1µm



• 13 The thermodynamics of granular 
materials 

Sir Sam Edwards and Raphael 
Blumenfeld

• 13.1 Introduction
• 13.2 Statistical mechanics 
• 13.3 Volume functions and forces in        

granular systems
• 13.4 The stress field
• 13.5 Force distribution
• 14 Static properties of granular materials 

Philippe Claudin
• 14.1 Statics at the grain scale
• 14.2 Large-scale properties
• 14.3 Conclusion



• Multilayers

Mismatch between different 
layers at the interfaces 
enhances hardness.

Hardness can be measured 
by a Nano-identer.



• Electrical properties

Au nano-particles electrically connected by 
long thiol molecules.    

G = G0 exp ( - E / kB T)



Abeles, B., Sheng, Ping, Coutts, M. D. and Arie, Y. (1975)
'Structural and electrical properties of granular metal films', Advances in 
Physics, 24:3, 407 - 461



• Tunneling process
Temp = 0

left occupied right empty
f   Fermi-Dirac distribution

I = I ( ) - I ( ) =

conductance

assume constant N, low T, 
small V, ohmic behavior



• Other properties

• Enhanced resistance to oxidtion of Fe73B13Si9
inherent reactivity depends on numbers of atoms
30 nm Fe(Si) + Fe2B large interface boundaries
FeSi segregates to interface boundaries, diffuses to surface, 

forms SiO2
• 4 nm In melting T drops to 110 K
• Ic of superconductor increases in Nb3Sn as grain size decreases



• Optical absorption

• In metallic nanoparticles, the peak wavelength of optical absorption 
depends on size and material.  It is possible to fabricate high-
strength transparent metal.

At high frequency, electrons behave 
like plasma. 
For small spherical metal particle 
embedded in nonabsorbing medium, 
cluster < λ, well dispersed (non-
interacting), absorption coefficient

ε1, ε2 real and imaginary  dielectric 
const of sphere
Ns number of sphere in V
n0 refractive index of insluting glass



Non-linear optical effect
Index of refraction n depends on intensity --- used as optical switchs
For n having enhanced 3rd order susceptibility,

n = n0 + n2 I 
d < 10 nm, confinement effect alter absorption properties.

1. Melt
2. Ion implantation 

10keV ~ 10 MeV

3. Ion exchange



• Porous Si
• It is interesting because of its fluorescent property at room temp.

Luminescence : matters absorb energy and re-emit energy as visible 
or near-visible light
fluorescent : absorption and re-emission < 10-8 s
phosphorescence : more delayed emission

Bandgap ~1.125eV at 300K
0.96 – 1.20 eV weak fluorescence

Strong photon-induced luminescence
above 1.4 eV

the reason could be
oxides on the surface of pores
surface defect states
quantum wires, dots, and 

confinement
surface state on quantum dots



• Anisotropic etching
• Porous silicon
• Fabrication of AFM tips
• Anodized aluminum oxide (AAO)



Fabrication of AFM tips





Nanostructured crystals
Natural

B12, C60

Artificial 
computational predictions
nanoparticles in Zeolites
Aum, Agm, Glass, and plastic nanospheres



Photonic cystal
free electrons in a metal

mkhE
k

kp

222 8/
/2

π
λπ

=
=
=h



H magnetic field of EM radiation
ε Dielectric constant (8.9 for Al2O3)





APPLIED PHYSICS LETTERS 88, 101109 2006

Fabricating subwavelength array structures using a near-field photolithographic 
method

Wei-Lun Chang, Yu-Jen Chang, and Pei-Kuen Weia

Research Center for Applied Sciences, Academia Sinica, Taipei 11529, Taiwan, Republic of 
China

Pei Hsi Tsao

Department of Physics, National Taiwan University, Taipei 10654, Taiwan, Republic of China

This work presents a photolithographic approach for producing high aspect ratio arrays in 
photoresist. The photomask is composed of hexagonal/square rod arrays with a thickness of 
0.2 m and a period of 600 nm. Illuminating the photomask with a blue laser generates 
periodically focused beams up to 1 m long and less than 300 nm wide. A hexagonal rod 
array provides a better focused beam than a square array due to its higher symmetry. Finite-
difference time-domain calculations elucidate the existence of long focused beams above 
the photomask. Optical near-field measurements verified those subwavelength beams 
originating from the rod regions. © 2006 American Institute of Physics. DOI: 
10.1063/1.2185249




