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J.B.S. Haldane 

The Creator, if he exists, has ... 
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… an inordinate fondness for beetles. 
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Engineers 

           have had an inordinate fondness  

            for  

             composite materials 

     all through the ages 
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Evolution of Materials 
Research 

•  Material Properties (< ca.1970) 
•  Design for Functionality (ca.

1980) 
•  Design for System Performance 

(ca. 2000) 
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Metamaterials 

Rodger Walser 

SPIE Press (2003) 
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“Updated” Definition 

 composites designed to produce an 
optimized combination of two or more 
responses to specific excitation  
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Cellularity 
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Nanoengineered Metamaterials 

  Cellularity                  Multifunctionality 

Morphology                    Performance 
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Component:  
               Simple action 

Assembly of components:  
               Complex action 

Multi-component system = Assembly of different components 
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Energy storage cell 

Energy distributor cell 

Chemisensor cell 

Force-sensor cell 

RFcomm cell Shape-changer cell 

Energy harvesting cell 

IRcomm cell Light-source cell 
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Periodic Arrangement of Supercells Fractal Arrangement of Supercells 

Functionally Graded Arrangement of Supercells 
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         Fabrication 

1. Self-assembly 
2. Positional assembly 
3. Lithography 
4. Etching 
5.  Ink-jet printing 
6. …. 
7. …. 
8. Hybrid techniques 
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Sculptured Thin Films 

Assemblies of Parallel Curved Nanowires/Submicronwires 

Controllable Nanowire Shape 
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Sculptured Thin Films 

Assemblies of Parallel Curved Nanowires/Submicronwires 

Controllable  Nanowire Shape 

 2-D morphologies 
 3-D morphologies 

 vertical sectioning 

Nanoengineered Materials (1-3 nm clusters) 

Controllable Porosity (10-90 %) 
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Sculptured Thin Films 

Antecedents: 

(i)  Young and Kowal - 1959 

(ii)  Niuewenhuizen & Haanstra - 1966 

(iii)  Motohiro & Taga - 1989 

Conceptualized by Lakhtakia & Messier (1992-1995) 
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Sculptured Thin Films 
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(xxxi) University of Campinas 
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Physical Vapor Deposition 
         (Columnar Thin Films) 
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Physical Vapor Deposition 
         (Sculptured Thin Films) 

Rotate about 
y axis for 
nematic 
morphology 

Rotate about 
z axis for 
helicoidal 
morphology 

Combined 
rotations for 
complex 
morphologies 

A. Lakhtakia  



STF Optics 



STF Optics 



STF Optics 



STF Optics 



STF Optics 



STF Optics 



STF Optics 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Optical Filters 



Snapshots 



Snapshots 



Snapshots 

2. CP-Light Emitting Cavity 

•  Quantum dots inserted in a cavity between two  
   left-handed chiral STFs 

Zhang et al., Appl. Phys. Lett. 91, 023102 (2007) 



Snapshots 

Zhang et al., Appl. Phys. Lett. 91, 023102 (2007) 
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Zhang et al., Appl. Phys. Lett. 92, 111109 (2008) 
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Zhang et al., Appl. Phys. Lett. 92, 111109 (2008) 
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Polo and Lakhtakia,  Proc. R. Soc. Lond. A 465, 87 (2009) 
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Polo and Lakhtakia,  Proc. R. Soc. Lond. A 465, 87 (2009) 
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Devender, Pulsifer & Lakhtakia,  Electron. Lett. 45, 1137 (2009) 
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Reyes and Lakhtakia,  Opt. Commun. 259, 164 (2006) 
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Chromium 

Molybdenum 

Aluminum 

Metal S TFs on    
Topographic 
Substrates 

Horn et al., Nanotechnology 15, 303 (2004). 
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HCP array of SiOx nanocolumns BCC array of SiOx nanocolumns 

1um x 1um mesh of SiOx nanolines 

Dielectric 
STFs on   
Topographic 
Substrates 
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Horn et al., Nanotechnology 15, 303 (2004). 
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Polymeric STFs 
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PARYLENE-C STFs:  
COMBINED CVD+PVD TECHNIQUE COMBINED CVD+PVD TECHNIQUE
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PARYLENE-C STFs:  
COMBINED CVD+PVD TECHNIQUE 

Nanoscale 
Morphology 

Ciliary Structure 
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BIOSCAFFOLDS 
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BIOSCAFFOLDS 

Lakhtakia et al., Adv. Solid State Phys. 46, 295 (2008). 
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Applications of Parylene STFs 

•  Cell-culture substrates 
•  Coatings for prostheses (e.g. stents) 
•  Coatings for surgical equipment (e.g., catheters) 
•  Biosensors 
•  Tissue engineering for controlled drug release 
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