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Abstract  

Engineered materials are the future of thin film technology.  Virtually every advance in surface engineering 

and engineered materials has resulted from thin film and related technologies. Properties can now be 

engineered into thin films that achieve performance not possible a decade ago. Advanced applications for 

photonic and thin film technologies are rapidly increasing because of the emphasis on miniaturization in 

communications, quantum computing, biological devices, medical devices, sensors, energy-related 

systems and displays. Nanotechnology is the primary driver for many of these applications. Now the trend 

is toward multifunctional nanocomposite, engineered, mesoporous and structured films. Engineered 

structures such as superlattices, nanolaminates, nanotubes, nanocomposites, smart materials, photonic 

bandgap materials, meta materials, molecularly doped polymers and structured materials all have the 

capacity to expand and increase the functionality of thin films and coatings used in a variety of 

applications and provide exciting new applications.   

 

Introduction 

Thin films have a wide variety of applications, however, in many cases the functionality and performance 

of traditional thin film materials and devices has plateaued and remained unchanged for quite some time. 

To achieve the next level of performance (e.g., improve efficiency of solar cells beyond conventional 

semiconductors and thin film cells) and hopefully, cost reductions, additional functionality is needed for 

specific performance and applications that are not found in or possible in traditional thin film or bulk 

materials.  Additionally, advanced applications for photonic and thin film technologies are rapidly 

increasing because of the emphasis on miniaturization in communications (fiber optics), quantum 

computing, biological devices, medical devices, sensors, batteries, energy-related systems and displays.  

Nanotechnology is the primary driver for many of these applications.  Now the trend is toward 

multifunctional nanocomposite, engineered, mesoporous and sculpted films.  Although most are still in 

the developmental stages, films with inhomogeneities on the quantum level and on the order of optical 

wavelengths, and 3-dimensional thin films (films that control and guide light), will play an important role 

in future photonic, electronic and biomedical applications. The ultimate goals of using engineered thin film 

materials are to increase energy output of electronic devices at lower costs, increase functionality 

compared to conventional materials and thin films, and increase hardness, wear resistance and lubricity of 

surfaces at lower costs.  Additionally, many of these engineered materials use low cost base materials and 

substrates such as plastics and glass. 

 

To this end, new electronic, optical, optoelectronic, structural and triboligical properties must be 

engineered into thin films to increase their functionality for advanced applications such as:  

 Increased conversion efficiency and lower cost of third and fourth generation solar cells 
(nanostructured, organic, multiband, and tandem cells) [1] 
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 Increased power density of thin film batteries 

 Increased efficiency and range of emission spectra of solid state lasers 

 Increased efficiency and lifetime of light emitting devices (organic and inorganic) 

 Increased conductivity in semiconductor interconnects  

 Increased conductivity of active elements in nanostructured electronic and optoelectronic devices 

 Cloaking and super lenses using metamaterials 

 Modification of the optical properties of a surface using chiral nanostructures and photonic band gap 
structures 

 Artificially structured and sculpted micro and nanostructures 

 Free standing ultralight metal nanolaminate mirrors and structures 
 

Thus, functionally engineered materials go one step beyond thin films to add additional functionality to either a thin 

film or a solid surface.  It is possible to engineer the properties of thin films because they can have a wider variety 

and range of microstructures, compositions, bonding and short range structure, crystalline phase compositions and 

defects (structural and compositional) which makes them more sensitive to variations in these factors.  Also 

important is the advantage that they can be patterned into nanostructures by photolithographic techniques and 

synthesized by nonequilibrium processes. Their thickness or “thinness” and large ratio of surface area to volume also 

contributes to a wide variation in properties.  To accomplish the above, the following intrinsic characteristics of thin 

films can be engineered:  

 Energy band structure 

 Lattice structure: 
o Short range order or lack of short range order 
o Crystalline phase composition 

 Microstructure (intrinsic and artificial) 

 Magnetic properties 

 Size effects in electrical conduction 

 Wide variation in density  

 Void effects  

 Higher mechanical stresses.  Effects of stress are more pronounced. 

 Surface and interface effects 
 

Examples of engineered materials are: 

 Third and fourth generation solar cells 

 Low dimensional structures (superlattice, nanolaminate, nanowire, quantum dot) 

 Carbon nanotubes 

 Graphene nanoribbons and electronic devices (e.g., field effect transistors) 

 Quantum cascade lasers  

 Photonic band gap materials 

 Metamaterials (negative refractive index materials)   

 Functional nanocomposites 

 Sculpted thin films 

 Biological structures (artificial lung, tissue engineering, immobilization of proteins) 
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For our purposes, materials engineering will encompass application of man-made structures on micro and nano 

scales. Thus, nanotechnology concepts are required. At this scale, essentially in the range of atomic diameters to the 

wavelength of visible light, it is often necessary to use quantum mechanics to define and design physical properties 

and explain performance (as opposed to classical theory). Using the above properties and relevant synthesis 

techniques we can create:  

 Artificial energy band structures for new and improved control of electrical and optical properties 

 Nanocomposites and nanolaminates with extraordinary mechanical and physical properties 

 Wider spectral and energy range of optical emission and absorption  

 Optical properties not possible in bulk solids or even thin films 

 Materials that bend light, cloak and form “superlenses”  

 Nanoplasmonic structures 
 
 

Energy Band Structure 

Knowledge of the energy band structure and how to modify it is important because band structure determines the 

electrical, optical, electro-optical, and many of the properties of a thin film.  One of the most important results of 

quantum theory is the description of available energies for electrons in the materials, i.e., energy bands.  Energy 

band structure depends primarily on lattice structure and electron configuration of a solid and is derived from 

Bloch’s theorem [2].  Electrical properties of thin films are engineered by modifying the energy band structure of the 

material, which can be accomplished by doping (adding acceptor and donor levels into the energy band structure), 

changing the crystal lattice structure, adding low dimensional structures (superlattice, quantum wire, quantum dot), 

adding or reducing defect levels and mechanical stress control.  Energy band structure, in its simplest form, consists 

of a valence band and conduction band that can be separated by a gap of forbidden energies, shown in Figure 1. 

Electrical conduction depends on whether or not there are electrons in the conduction band (or holes in the valence 

band) and how easy it is to excite electrons into the conduction band. Semiconductors have a small enough energy 

gap between the valence and conduction bands such that thermal or other excitations (photon) can bridge the gap. 

With such a small gap, the presence of a small percentage of a dopant material can increase conductivity 

dramatically.  Figure 1.  Generic energy band structure showing valance band, conduction band, energy band gap 

and Fermi level. 
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Energy Bandgap Engineering and Low Dimensional Structures 

Doping of semiconductors is a well developed and mature technology [3,4] and will not be addressed here.  

Superlattices, quantum wells, nanorods, quantum wires and quantum dots are all low dimensional structures (i.e. 

less than three dimensions) and all involve artificial engineering of the lattice and band structure of semiconductors.  

Figure 2 shows the progression of low dimensional structures, grading from a 3D bulk material to a 0D quantum dot.  

Quantum wells (QW), quantum wires and quantum dots deal with modulations of band gaps and the density of 

states to confine charge movement in two, one and zero dimensions, which significantly enhances electronic, 

thermoelectric and galvanomagnetic properties. Quantum well (superlattice) films consist of hundreds to thousands 

of nano-scale layers (1 – 20 nm) with alternating band gaps, one with a small band gap and one with a larger band 

gap. The layer with the larger band gap is used to confine charge carriers in the small band gap layer. The electrical 

properties of these films can be engineered by varying layer thickness and period, and can be separated from those 

related to phonon propagation (thermal conductivity).  Compare this to conventional semiconductors where energy 

band structure is independent of thickness.   

 

 
Figure 2.  Progression of low dimensional structures from 3D to 0D. 

We now consider advanced solar cell, semiconductor laser designs that utilize engineered thin film materials.  

 

Third and Fourth Generation Solar Cells 

As power from the sun continues its slow progress toward commercial viability, researchers are constantly on the 

lookout for ways to make photovoltaic (PV) cells cheaper, more efficient, or both. Figure 3 shows improvements in 

solar cell technology by system from 1976 – 2004 (NREL). First generation PV cells include conventional single crystal 

silicon and semiconductor technology with efficiencies topping off at ~ 30%.  Thin film PV structures encompass 

second generation cells such as CdTe, CuInGaSe2 (CIGS) and amorphous Si (a-Si) with present best efficiencies at ~ 
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20%. Third generation PV cells include organic cells, dye sensitized (Gratzel) PV cells and transparent organic and 

inorganic cells.  Third and fourth generation solar cells are considered the future of solar photovoltaic technology 

and will involve revolutionary technologies such as superlattices, quantum dots, multiple junctions, nanotubes, and 

dye sensitization, and are projected to have efficiencies two to three times those of conventional crystalline PV cells 

[5]. The major advantages of these advanced cell structures are improved efficiency, low cost materials and 

potential large area coverage. Fourth generation PV cells include multijunction, hot electron, thermophotovoltaic, 

thermophotonic, and intermediate band structures [5].  Several of these structures convert waste heat and radiation 

into power.  

 

 

 

 
Figure 3. Improvements in solar cell technology by system from 1976 – 2011 (NREL). 

 

Increasing efficiency of PV cells will require exceeding the Shockley-Queisser (S-Q) limit (the maximum power 

conversion efficiency of a semiconductor solar cell with a single band gap, one electron-hole pair per photon and no 

mulitphoton processes) [6,7]. Thus, in conventional PV cells, photons with energies less than the bandgap do not 

contribute to electricity generation and their energy is lost.  Any photon with more energy than the bandgap can 

cause photoexcitation, but in this case any energy above and beyond the bandgap, energy is lost. Consider the solar 

spectrum; only a small portion of the light reaching the ground is blue, but those photons have three times the 

energy of red light. Silicon's bandgap is 1.1 eV, about that of red light, so in this case the extra energy contained in 

blue light is lost in a silicon cell. If the bandgap is tuned higher, say to blue, that energy is now captured, but only at 

the cost of rejecting all the lower energy photons.  Numerical analysis shows that the "perfect" single-layer solar cell 

should have a bandgap of 1.13 eV, almost exactly that of silicon. Such a cell can have a maximum theoretical power 

conversion efficiency of 33.7% - the solar power below red (in the infrared) is lost, and the extra energy of the higher 

colors is also lost.  
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There are, however, several ways to exceed the S-Q limit, but one of its premises must be violated.  Bandgap 

engineering methods have accomplished such “violations.” For example, a multijunction PV cell (stack of two or 

more semiconductor junctions with different bandgaps) can absorb more energy from high energy photons while 

also absorbing energy from lower energy photons.  For a two layer cell, one layer should be tuned to 1.64 eV and the 

other at 0.94 eV, with a theoretical performance of 44%. A three-layer cell should be tuned to 1.83, 1.16 and 0.71 

eV, with an efficiency of 48%. A theoretical "infinity-layer" cell would have a theoretical efficiency of 64%.  

Multijunction cells are very expensive to make and will be practical only for applications in which power per unit 

weight is more important than cost (i.e., spacecraft).   

 

 

 

 

A process known as multiple exciton generation (MEG), found in semiconductor nanocrystals (i.e., quantum dots) 

also breaks the S-Q rules by generating an internal quantum efficiency > 100% [8,9]. Here, quantum efficiency (QE) = 

#charge carriers/photon. This process is shown schematically in Figure 4 [10]. The advantage of quantum dots is  

that they have bandgaps that are tunable across a wide range of energy levels by changing the quantum dot size. 

This is in contrast to bulk materials, where the bandgap is fixed by the choice of material composition. This property 

makes quantum dots attractive for multi-junction solar cells, where a variety of different energy levels are used to 

extract more power from the solar spectrum. Figure 5 shows a picture of the layers of a MEG cell with PbSe 

quantum dots developed by NREL[8]. 

 

 
Figure 4.  Schematic of energy band diagrams of conventional semiconductor and MEG solar cells [10]. 
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Figure 5. Picture of the layer structure of a PbSe quantum dot solar cell being developed by NREL [8].  

 

The performance of MEG devices shows promise for high efficiencies and lower energy costs. As shown in Figure 6 
for III-V semiconductor nanocrystals, these cells can process photons with energies four times the bandgap of the 
constituent nanocrystals (or quantum dots) [10].  External quantum efficiencies > 100% are realized with photon  
 
 
energies near 3.2 eV, which is more than four times the nominal bandgap energy. While MEG devices show 
significant promise, they are still in the development stages and as yet are not breaking any power conversion 
records. Efficiencies are between 4.5 – 5%, still well below the S-Q limit. It is still difficult to get charge carriers out  
of the cells, which is the major cause of low efficiencies. Note that PbSe nanorods and carbon nanotubes (discussed 
below) also show promising results [11,12,13]  

 
Figure 6.  External quantum efficiency of quantum dot solar cell [10]. 

 

Quantum Cascade Lasers 
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Conventional interband semiconductor lasers (e.g., GaAs, AlGaAs) are limited to emission at one frequency and work 

on the principle of light emission when electrons relax from a higher to a lower energy level and recombine with 

holes. The quantum cascade laser (QCL) is another example of engineered low dimensional structures that has 

improved performance and has achieved performance not capable in conventional semiconductors and thin films. 

Unlike typical interband semiconductor lasers that emit electromagnetic radiation through the recombination of 

electron-hole pairs, QCL’s are unipolar, and laser emission is achieved through the use of conduction band electrons 

via intersubband transitions in multiple QW heterostructures (i.e., superlattice).  A heterostructure consists of two 

semiconductors with different bandgaps and band structures (e.g., GaAs, AlGaAs). Thus, emitted light results solely 

from electron transitions from upper to lower subbands in the conduction band (semiconductor QW’s provide the 

mechanism for slitting bulk energy band structure into a series of subbands).  The main advantage here is that using 

the same materials as conventional semiconductor lasers (AlInAs/GaInAs, for example), the emission energy can be 

varied over a wide range simply by varying QW widths.  

 

Figure 7 shows a schematic of the QW based active region for an electrically injected quantum cascade laser and 

Figure 8 shows the structure of this laser. 

 

 

 

 

 

 
 

Figure 7.  Diagram of quantum well based active region for an electrically injected quantum cascade laser [14]. 
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Figure 8.  Structure of quantum cascade laser. 

 

A QCL does not use bulk semiconductor materials in its optically active region. Instead it uses a superlattice structure 

[4].  As shown in the Figure, in a superlattice the electric potential varies across the length of the device and as a 

result, the probability of electrons occupying different positions over the length of the device varies along the 

device.  Thus we have a range of emission energies dependent on the range of subband energies. This one  

 

 

 

dimensional QW confinement of electrons leads to the splitting of the band of permitted energies into a number of 

discrete electronic subbands. The combination of active + injector regions forms a period of the structure which can  

repeat as many as 25 – 30 times, thus forming the cascade structure. By suitable design of the layer thicknesses it is 

possible to engineer a population inversion between two subbands in the system which is required in order to 

achieve laser emission. Since the position of the energy levels in the system is primarily determined by the layer 

thicknesses and not the material, it is possible to tune the emission wavelength of QCLs over a wide range in the 

same material system. 

 

Additionally, in bulk semiconductor laser diodes, electrons and holes are annihilated after recombining across the 

band gap and can play no further part in photon generation. However, in a unipolar QCL, once an electron has 

undergone an intersubband transition and emitted a photon in one period of the superlattice, it can tunnel into the 

next period of the structure where another photon can be emitted. This process of a single electron causing the 

emission of multiple photons as it traverses through the QCL structure gives rise to the name cascade and makes a 

quantum efficiency of greater than unity possible which leads to higher output powers than semiconductor laser 

diodes. 

 

The short wavelength limit of QCLs is determined by the depth of the quantum well and recently QCLs have been 

developed in material systems with very deep quantum wells in order to achieve short wavelength emission. The 
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InGaAs/AlAsSb material system has quantum wells 1.6 eV deep and has been used to fabricate QCLs emitting at 3 

μm. InAs/AlSb QCLs have quantum wells 2.1 eV deep and electroluminescence at wavelengths as short as 2.5 μm 

has been observed. 

 

Carbon Nanotubes 

Carbon nanotubes (CNT), shown in Figure 9, are creating a revolution in electronic, optoelectronic and materials 

technologies. CNT’s are low dimensional structures that are easy to synthesize and possess unique optical, physical, 

and mechanical properties that make them candidates for advanced technological applications, such as 

microelectronics, photovoltaics,  thermoelectric and structural components.  They are used in electrical and optical 

devices, structural composites, thermal devices, and high frequency applications. As shown in Figure 9, CNTs are 

high aspect ratio hollow cylinders with diameters ranging from 1 – 10 nm, and lengths on the order of centimeters.  

They are one of the many solid state forms of carbon (others are diamond, graphite, buckyballs). The three major 

types of CNT are single-walled (SWNT), multi-walled (MWNT), and Fullerite.  For example, they are now use 

extensively as additives in structural composites in (primarily carbon fiber) baseball bats, car parts and even golf 

clubs [15].  

 

 

 

 

 

 

 

 

 
Figure 9.  Carbon nanotubes [16]. 

 

Properties of CNT that make them so useful are: 

 Metallic or semiconductor electrical properties possible 

http://en.wikipedia.org/wiki/Carbon_fiber
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 Direct band gap that allows transitions between valence and conduction bands without  the help of a 
phonon 

 Multiple bands can participate in conduction 

 Low defect density  

 Metallic interconnects possible 

 Very high thermal conductivity 

 High structural integrity; they are the world’s strongest fibers 

Additionally, nanotubes conduct heat as well as diamond at room temperature, are very sharp, and as a result can 

be used as probe tips for scanning-probe microscopes, and field-emission electron sources for lamps and displays. 

The structure of a SWNT can be conceptualized by wrapping a one-atom-thick layer of graphite called graphene into 

a seamless cylinder.  Figure 10 shows the atomic structure of a SWNT [17]. The nanotube can be envisioned as a 

strip of graphene (Figure 11) rolled up in a closed cylinder.  

 

 

Figure 10.  Atomic structure of a SWNT [17]. 
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Figure 11.  Graphene strip. 

 

While electrical and optical properties are still in developmental stages, CNT’s are now used in a variety of structural 

applications [18].  Carbon nanotubes are the strongest and stiffest materials yet discovered in terms of tensile 

strength and elastic modulus. They are used in nanocomposites [19]. Strength results from the covalent sp2 bonds 

formed between the individual carbon atoms. Multiwalled CNTs have been tested to have a tensile strength of 

63 GPa and individual CNT shells have strengths up to ~ 100 GPa [20,21,22,23] (This is equivalent to the ability to 

endure tension of a weight equivalent to 6422 kg on a cable with cross-section of 1 mm2).  Since CNTs have a low 

density for a solid of 1.3 to 1.4 g/cm3 [23], their specific strength of up to 48,000 kNmkg−1 is the best of known 

materials (compared to high-carbon steel's 154 kNmkg−1). Bulk carbon nanotubes have already been used as 

composite fibers in polymers to improve the mechanical, thermal and electrical properties of the bulk product [24]. 

Because they absorb strongly in the UV/Vis-NIR spectral range, one of the promising applications of SWNTs is their 

use in solar cells and dye sensitized solar cells [11,25,26].  Research has shown that they can provide a sizeable 

increase in efficiency, however, all aspects of the cells must still be optimized [22]. They are also being developed 

for field effect transistors (FET & MOSFET) [27,28]. Figure 12 shows SEM pictures of CNT arrays used in DSSCs [25].  

However, as with other CNT devices, efficiencies of DSSC using CNTs have not yet been optimized with respect to 

CNT structure, materials and device architecture. CNTs are now being used in back gated, top gated, and wrap 

around gate field effect transistors (CNTFET). Figure 13 shows the structure of a CNTFET [28].  The CNT is suspended 

between gold electrodes (source-drain). Similar FETs have been developed using graphene [29].   

 

Advantages of CNTFETs are 

 Better control over channel formation  

 Better threshold voltages  
 

 

 Better subthreshold slope. 

 High carrier mobility  

 High current density  

 High transconductance 
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Figure 12.  Picture of CNT used in dye sensitized solar cells [25] 

 
Figure 13. Structure of carbon nanotube field effect transistor [29]. 
 
Thus, with so many avenues of development underway, it seems clear that it is no longer a question of whether CNT 
will become useful components of electronic devices of the future, but merely a question of when and how. 
 
Superhard Nanocomposites and Superlattices 

Superlattices and nanocomposites can have significantly better mechanical and tribololgical properties than those of 

the individual thin film materials. Laminating different materials to achieve a combination of their various properties 

is a common technique for designing and engineering the mechanical and tribological properties of  materials. 

Furthermore, when the laminate layers become very thin, the properties of the materials in individual layers often  

 

 

 

improve, relative to their macroscopic properties. These engineered materials form a family of “superhard” 

materials [30].   

 

Nanocomposite 

Nanocomposites can have significantly different physical, mechanical and chemical properties than thin films. Two 

major contributing factors are the increase in the ratio of the surface area to volume, and the size of the particle. 

The increase in surface area-to-volume ratio, which increases as the particles get smaller, leads to an increasing 

dominance of the behavior of atoms on the surface area of particle over that of those interior of the particle. This 

affects the properties of the particles when they are reacting with other particles. Because of the higher surface area 

of the nano-particles, interaction with other particles within the matrix is enhanced, which can improve tribological 

properties, strength, heat resistance, optical emission, etc.  

Figure 14 shows the anatomy of a nanocomposite coating [31]. A superhard coating is defined as having a 

microhardness > 40 GPa, which is based on a combination of nanocrystalline and amorphous phases in composite 

structures to suppress ductility and increase strength, using grain boundary effects [32,33].  To qualify as a 
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nanocomposite, nanocrystalline grains must be 3-10 nm in size and separated by 1-3 nm within an amorphous 

matrix, which consists of other ceramics, metals, carbon, etc. 

 
Figure 14. Anatomy of a nanocomposite coating [31]. 

 

Metal nanolaminates and superlattices are significantly lighter and stronger than their bulk and thin film 

counterparts and can also be formed into free standing reflective mirrors and folded to save space [34].  These 

structures have just a fraction of the weight of bulk reflectors and are being developed for deployable space 

applications. They function in much the same way as nanocomposites in that energy of crack propagation is diffused 

at each layer interface [35,36]. Figure 4.58 shows how hardness increases with decreasing layer thickness for several 

bimetal systems [36]. At layer thicknesses on the order of 10 nm, where the hardness approaches maximum, the 

mechanical properties of nanolaminates and superlattices are strongly influenced by the nature of the mismatch of their 

crystal lattices at the interfaces as well as the very high ratio of interface volume to total material volume. 

 

 

Figure 15 shows how hardness increases with decreasing layer thickness for several bimetal systems [35].  At layer 

thicknesses on the order of 10 nm, where the hardness approaches maximum, the mechanical properties of  

superlattices (also called nanolaminates) are strongly influenced by the nature of the mismatch of their crystal 

lattices at the interfaces as well as the very high ratio of interface volume to total material volume. 
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Figure 15. Results of hardness measurements showing the effect of layer thickness.  The Cu–Cr, Cu–Nb, Cu–Ag, and 

Cu–Ni results are from [35].   

 

Figure 16 shows the cross section of a magnetron-sputtered five thousand layer Cu/Al nanolaminate coating on PET, 

with Cu layer thickness of 3 nm and Al layer thickness of 2 nm.  This superlattice has a hardness of 6.5 GPa, 

impressive for an all metal system.  Virtually any combination of thicknesses is possible with this process.  Typical 

layer thicknesses range from 1 to 30 nm.  The metal/metal nanolaminates can be made from materials with similar 

or different lattice structures.  The layers can be amorphous or crystalline.  One advantage of this coating is that it 

can be deposited in a large area web coatings system (such as those available at Materion: 

http://materion.com/Technologies/SputteredFilms.aspx ), and then separated from the PET substrate to form a free 

standing metal mirror that can also be formed on a mandrel. AlN/Si3N4 optical superlattices with hardness ~ 25 GPa 

have been deposited at Pacific Northwest National Labortory (PNNL) [34].  Ceramic superlattices with materials such 

as CrN/NbN have hardnesses in the 40 – 60 GPa range [37].  Nanocomposites are hybrid films with nanometer size 

structures in the film.  TiC/TiCN, Si3N4, SiC/ SiCN have demonstrated hardnesses in the 55 GPa range, placing them in 

the “superhard” category [38]. They contain a metallic crystalline phase in a dielectric matrix, for example, TiN 

nanoparticles in a Si3N4 matrix.   

 

 

 

 

 

 

 

 

 

http://materion.com/Technologies/SputteredFilms.aspx
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Figure 16.  TEM cross section of Al/Cu superlattice grown at PNNL [34]. 

The advantages of the structure, materials and process are 

 Very high deposition rates 

 Low cost materials 

 Deposition on flexible substrates 

 Formable on a mandrel 

 Very light weight 

 Structural integrity 
 

Thus, engineered thin film materials offer the following advantages over conventional thin films: 

 Wider range of electrical and optical properties 

 New electrical, optical, mechanical properties not possible with conventional thin films 

 Lower cost and large area coverage 

 Higher mechanical strength 

 Improved wear resistance 

 Increased hardness 

 Free standing, lighter weight and formable for space applications 
 

It is possible to synthesize many of these nanoscale engineered thin film materials with materials and technologies 

available from Materion. Many of the metals and target materials available from Materion can be used in PVD 

processes to synthesize nanolaminate, nanocomposite and sculpted films.  Engineer materials are also available. 

Nanocomposites and optical superlattices can be produced using Materion’s deposition facilities and target 

materials. Patterning capabilities can be used to synthesize structures such as metamaterials and nanocircuitry for 

CNT and graphene electronics. Materion also has the core technology to fabricate nanolaminates on large area 

flexible substrates.   
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