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1. ADVANCEMENTS IN ORGANIC SEMICONDUCTORS 

It has been challenging to design organic semiconductor materials capable 

of high charge carrier mobility (the ability to conduct a charge) and high 

luminescence (the ability to emit light). Presently, organic semiconductor 

materials that exhibit high luminescence have low charge carrier mobility; and 

organic materials exhibiting high charge carrier mobility have low luminescence. 

The ability to create organic semiconductor materials capable of both high 

luminescence and high charge carrier mobility in a single material can enable 

development of innovative optoelectronic devices, such as organic light-emitting 

transistors (OLETs), OLET-based displays, or OLET-based electrical pumping 

lasers. 

An OLET is a type of transistor that emits light. Through combining 

electrical switching and light emission, OLETs have potential for greater efficiency 

compared to organic light-emitting diodes (OLEDs). Organic light-emitting 

transistors could pave the way toward nanoscale light sources and highly 

integrated organic optoelectronics.  

In a development that that could overcome the traditional trade-off in 

organic semiconductor materials between the ability to emit light and to conduct 

a charge, researchers from China and the UK have crafted an innovative organic 

semiconductor, composed of 2,6-diphenylanthracene (DPA), which exhibits both 

high luminescence and high charge carrier mobility. 

It has been challenging to design an organic semiconductor with both high 

mobility and high luminescence because these attributes tend to require opposite 

types of molecular structures. To achieve high mobility, the molecules must be 

densely packed together; however, fluorescence quenching (a process that 
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decreases the fluorescence intensity of a certain substance) results from densely 

packed molecules. Fluorescence takes place when an electron falls to its ground 

state and emits a photon. On the other hand, densely packed molecules tend to 

have strong intermolecular interactions that prevent electrons from transitioning 

to their ground states, which thwarts photon emission. 

In designing the novel organic semiconductor compound, DPA, the 

researchers utilized densely packed molecules to provide high mobility; however, 

the molecules were packed together in a way that also could considerably reduce 

fluorescence quenching.  

The innovative molecular arrangement is termed "herringbone packing," 

which entails a zig-zag pattern that provides weaker intermolecular interactions 

than other types of arrangements, although the molecules are still very close 

together. Due to the weaker interactions, the electrons are able to transition to 

the ground state, allowing the molecule to exhibit high luminescence as well as 

high mobility.  

As noted in "High mobility emissive organic semiconductor," published in 

Nature Communications (1 December 2015), DPA crystals were produced by PVT 

(physical vapor transport) under ultraviolet light. Fabrication of the device is 

based individual micrometer-sized single crystal employing an organic ribbon 

mask technique on an n-doped substrate containing a 300 nm silicon dioxide and 

OTS (octadecyltrichlorosilane) monolayer. 

The researchers fabricated OLEDs from the DPA organic semiconductor 

that exhibited bright blue luminescence, and organic field effect transistors 

(OFETs) that exhibited DPA’s good charge transport characteristics. Moreover, to 

demonstrate the opportunities for the new material in organic optoelectronic 

devices, the researchers devised an OLED array composed of the DPA material 

driven by an OFET fabricated with DPA. 

Details: Alan J. Heeger, Professor, Physics Department University of 

California, Santa Barbara,Santa Barbara, CA 93106; and Heeger Beijing Research 

and Development Center, School of Chemistry and Environment, Beihang 

University, Beijing 100191, China. Phone: +805-893-3184. E-mail: 

ajhe@physics.ucsb.edu. URL: http://engineering.ucsb.edu. 
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2. IMPROVED CONTROL IN PHOTONIC SINTERING 

Photonic sintering is a low-thermal exposure sintering method to sinter or 

fuse nanoparticles (which measure between 1 nanometer to up to a few hundred 

nanometers) to form functional thin films. In contrast to thermal sintering, which 

uses sintering furnaces, photonic sintering uses pulses light (a xenon flash lamp) 

to provide a high intensity, short duration pulse of light to the deposited 

nanoparticles. The incidence of such large-area broad-spectrum light onto 

deposited nanoparticles, results in heat generation in the nanoparticles and their 

densification. Photonic sintering can provide rapid densification of nanoparticle 

inks over large-area substrates under ambient conditions. 

Due to the ability of photonic sintering to provide rapid, scalable 

functionality and operation under ambient conditions, there is significant interest 

in using this process for nanoparticle sintering in key emerging or expanding 

applications, such RFID (radio frequency identification) tags, flexible electronics 

(which involves incorporating electronic devices on flexible substrates), solar 

cells, and sensors (such as wearable biosensors, chemical or gas sensors, or 

pressure sensors). However, there is a key need to understand the physics 

involved in the photonic sintering process. Key issues that merit investigation 

include, for example, the effects of nanoparticle size on densification and the 

temperature of the deposited nanomaterial and substrate. 

Supported by a four-year, $1.5 million National Science Foundation 

Scalable Nanomanufacturing Grant, focused on surmounting the scientific barriers 

to industry-level production of nanomaterials, researchers at Oregon State 

University (OSU) have achieved key insights into the physics of photonic 

sintering. Such knowledge has promise to lead to advancements in products such 

as solar cells, flexible electronics, or sensors that could be printed onto a sheet of 

flexible materials such as paper or plastic.  

The OSU researchers found that prior approaches to comprehending and 

controlling photonic sintering were predicated on an imperfect perception of the 

fundamental physics involved in this process. The flawed understanding has 

resulted in overestimating the product quality and process efficiency associated 

with photonic sintering. Based on their expanded knowledge of the physics of 

photonic sintering, the researchers conceive that they can exploit photonic 

sintering to devise high-quality products at considerably lower temperatures, at 

least twice as fast with tenfold greater energy efficiency. 
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Previously, temperature change and the degree of fusion in photonic 

sintering were considered to not be related. The OSU researchers, however, 

discovered that his relationship is very important. For example, both the 

temperature and nanoparticle densification are found to be very dependent on the 

nanoparticle size. Removing constraints on production temperatures, speed and 

cost, can enable the creation of innovative high-tech products printed onto 

inexpensive substrates, such as paper or plastic. 

The investigation has opportunities to lead to precise control of 

temperature with smaller nanoparticles. Such capability can increase the speed of 

the photonic sintering process and enable high-quality production at temperatures 

at least two times lower than previously. Moreover, the researchers identified an 

inherent self-damping effect that strongly impacts the desired quality of the 

finished film. The researchers should be able to create production processes for 

nanotech products that are rapid and inexpensive, without loss of quality. Lower 

temperature processing is a key attribute. To reduce costs, it is desirable to pint 

the nanotech products on such materials as paper or plastic, which would melt or 

burn at higher temperature. The researchers envision products such as solar 

cells, gas sensors, RFID tags, flexible electronics, as well as biomedical sensors 

and innovative sensors for environmental applications. 

In the next step in migrating the technology toward commercial 

production, the OSU researchers will work with two manufacturers in private 

industry to create a laboratory-based proof-of-concept facility. 

Details: Dr. Rajiv Molhotra, Assistant Professor of Mechanical Engineering, 

204 Rogers Hall, Oregon State University, Corvallis, OR 97331. Phone: +541-737-

5621. E-mail: rajiv.malhotra@orgonstate.edu. URL: 

http://mime.oregonstate.edu. 

 

3. WELDING TECHNIQUE SAVES ENERGY, CREATES STRONGER BONDS 

Conventional welding technology can have difficulty in welding alternative 

metals, as the microstructures of such materials can be weakened by high heat 

and re-solidification.  

Resistance spot welding is a common welding technique used in such 

applications as automotive manufacturing (to weld the sheet metal to form a car). 

In resistance spot welding, contacting metal surfaces are joined by the heat 

derived from resistance to electrical current. The work pieces are held together 
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under pressure by electrodes, which concentrate the welding current into a small 

spot and clamps the sheets together. The large current through the spot melts 

the metal and forms the weld. The amount of heat (energy) generated to the spot 

is determined by the resistance between the electrodes and the current’s 

magnitude and duration.  

Resistance spot welding has limitations, such as generation of high 

currents can consume much energy, and the melted portions of metal may not be 

as strong as they previously were. For example, spot welding of aluminum alloys 

requires higher welding current due to their considerably higher thermal 

conductivity and electrical conductivity. 

Under the leadership of Glenn Daehn, professor of materials science and 

engineering, researchers at the Ohio State University have developed and 

garnered patents on an innovative welding technique--vaporized foil actuator 

(VFA) welding-that can consume 80% less energy that the common resistance 

spot welding technique and yet crate bonds or welds that are 50% stronger. 

The VPA process uses electrically driven rapid vaporization of thin 

conductors to produce short-duration pressure pulses of high magnitude. 

Electrical energy stored in a capacitor bank is released through a switched circuit 

that contains a thin metal conductor. The metal conductor is able to be heated 

above its energy of sublimation before it has time to melt, when the energy 

deposition rate into the conductor is very high. This occurs when the current in 

the circuit reaches its maximum very quickly. The metal conductor vaporizes 

directly into a gas that expands rapidly, propelled by the extra energy deposited 

above the energy of sublimation. The pressure pulse from the expanding gas can 

be used to drive the work pieces for applications such as forming, shearing, tube 

expansion, and collision welding. 

In the VFA process, a high-voltage capacitor bank creates a very short 

electrical pulse inside a thin piece of aluminum foil. The foil vaporizes within 

milliseconds, and a burst of hot gas, traveling at speeds approaching thousands 

of miles per hour, pushes two pieces of metal together. Since the different 

bonded metal pieces do not melt, there is no seam of weakened metal between 

them. The process uses a reduced amount of energy because the electrical pulse 

is very short and the energy needed to vaporize the foil is less than the energy 

that would be required to melt the metal parts. Via the VPA welding technique, 

materials are shaped and bonded together at the same time, and can become 
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stronger. The ability to simultaneously shape metal parts and weld them together 

can increase manufacturing efficiency. 

The VPA welding approach has promise in the auto industry, which is 

increasingly focused on providing vehicles that combine traditional heavy steel 

parts with lighter, alternative metals to reduce the car’s weight. 

The Ohio State researchers have successfully bonded different 

combinations of copper, aluminum, magnesium, iron, nickel, and titanium. 

Furthermore, they have succeeded in creating strong bonds between commercial 

steel and aluminum alloys; and the high-strength steel and aluminum join 

together with weld regions that are stronger than the base metals. 

The researchers have welcomed collaborations with manufacturers to 

further develop and license the technology. 

Details: Dr. Glenn Daehn, Professor, Materials Science and engineering, 

The Ohio State University, 281 W. Lane Ave., Columbus, OH 43210. Phone: 

+614-292-6779. E-mail: daehn.1@osu.edu. URL: https://www.osu.edu. 

 

4. ENHANCED PEROVSKITE-BASED LIGHT-EMITTING DIODES 

A light-emitting diode (LED) consists of a semiconductor chip doped with 

impurities to create a p-n junction. The p-n semiconductor diode generates light 

when electrical energy is applied to it. The LED, a semiconductor light source, 

uses the principal of electroluminescence, which pertains to the emission of light 

from a semiconductor due to the effect of an electric field.  

Light-emitting diodes are essentially efficient, durable, and long lasting 

lighting devices. The technology has improved considerably since the 1960s when 

the first LEDs appeared on the market. Applications for LEDs include a wide range 

of status indicators and displays: traffic lights, exit signs, vehicle brake lights, 

other forms of automotive lighting, lamps/light bulbs, backlighting of LCD 

televisions; remote controls, light sources for sensors (such as motion sensors), 

and so on. 

With reduced costs and higher performance, LED lighting has potential to 

reduce electricity consumption. According to the US Department of Energy, 

residential LEDs, especially ENERGY STAR rated products, use at least 75% less 

energy, and last 25 times longer, than incandescent lighting. 



Advanced Manufacturing Technology Alert 

© 2015 Frost & Sullivan 7 

However, contemporary LEDs tend to be more expensive than 

incandescent light bulbs; and an LED lamp generates a much smaller amount of 

luminous flux (total amount of light generated) than an incandescent bulb. 

Moreover, the LED’s lamp light output varies with temperature. 

Researchers at Florida State University have developed an innovative LED 

solution that leverages an organic-inorganic hybrid material with promise to 

enable less expensive, brighter, mass produced lights and displays.  

Using synthetic chemistry to fine-tune the material properties and device 

engineering to control the device architectures, the researchers enhanced the 

capabilities of perovskites to create a high-performance LED.  

Perovskites are calcium titanium oxide minerals composed of the same 

type of crystal structure as calcium titanium oxide. Perovskite materials have 

such key attributes as excellent charge carrier mobility and the possibility of a 

tunable optical bandgap. Organic-inorganic hybrid perovskites have a very high 

color purity and are attractive as, for example, low-cost LED emitters. However, 

their low luminescent efficiency has been a key limitation. 

The Florida State researchers devised an innovative approach to address 

key issues and achieve a high-performance LED, which was able to glow 

exceptionally bright. Their LED was able to achieve a luminescence of about 

10,000 candelas per square meter at a driving voltage of 12V. candelas are the 

unit of measurement for luminescence. By comparison, LEDs glowing at about 

400 candelas per square meter can provide sufficient brightness for computer 

screens. The outstanding brightness of the LEDs created by the researchers is 

attributed, to a considerable degree, to the inherent high luminescent efficiency 

of the surface-treated, very crystalline nanomaterial. 

Furthermore, the material, and the resulting LED device, can be produced 

quickly. In addition, in contrast to bare perovskites that can be unstable in humid 

air, the nanostructured perovskites show very high stability in the ambient 

environment owing to the designed surface chemistry. This chemical stability can 

reduce the need for a sophisticated infrastructure to manufacture LEDs based on 

such materials. 

Details: Dr. Hanwei Gao, Assistant Professor, Department of Physics, 

Florida State University, Tallahassee, FL 32306. Phone: +850-645-1297. E-mail: 

h-gao@phsyics.fsu.edu. URL: http://web2.physics.fsu.edu 
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5. AEROSPACE OPPORTUNITIES FOR COMPOSITES MANUFACTURING 

Key opportunities exist in aerospace for composite materials, which enable 

parts comprised of at least two component materials with different properties. 

Composites manufacturing enables parts that have superior properties compared 

to those that use a single material.  

For example, the Boeing 787 Dreamliner is composed of more composites 

than metal. The 787 makes greater use of composites in its airfracme and 

primary structure.  

Composites, such as carbon fiber and fiber glass, can be easily molded into 

complex shapes. Composites are excellent for handling tension, but not as 

efficient for handling compression loads. The 787 uses carbon fiber composite 

materials in the airframe and primary structure (including the fuselage and wing). 

Applications for composites in aircraft include fan blades and fan cases in 

jet engines, doors, aircraft interiors, and spacecraft satellites. Furthermore, 

thermoplastic composites can benefit parts that require greater impact resistance, 

including the wing leading edge, the cockpit fiber, movable ribs and spars. 

Keen interest exists in better understanding how composite structures 

react in emergency landing situations. In contrast to metals, which deform and 

absorb energy in a crash, composites tend to flex and to not deform as much. The 

flexing capability helps maintain the survivable volume of the fuselage, however, 

it can cause higher loads to transfer onto the seats, which has potential to injure 

passengers or other parts of the aircraft. 

This issue can be mitigated by engineering a fuselage design that includes 

specially designed crash absorbers to reduce the peak forces on the seats and 

transfer such forces to dedicated load paths around the survivable space in the 

cabin. The interior design reduces the possibility that passengers will be injured, 

while the load paths prevent the engine from damage.  

Nanotechnology applied to composites can help enable aircraft or 

spacecraft structures to have improved properties, such as laminate strength, 

toughness, electrical and thermal conductivity. For example, the Massachusetts 

Institute of Technology has focused on aligned carbon nanotubes (CNTs) as a 

reinforcement phase in a polymer matrix associated with fibrous laminated aero 

composites. This work on enhanced hybrid composites prompted research into 

aligned-CNT polymer nanocomposites (A-PNCs). The A-CNTs can have 

opportunities in applications such as thermal interfaces and structural elements. 
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The hybrid composite has aligned CNTs as a second fiber at the nanoscale. The 

main fiber, at the nanoscale, is a traditional advanced fiber. The high-strength 

CNT nanofibers improve the composite’s toughness, which can help avoid internal 

damage. 

Details: Peter Adrian, Principal Analyst/Research Manager, TechVision, 

Frost & Sullivan, 331 E. Evelyn Avenue, Suite 100, Mountain View, CA 94041. 

Phone: 408-972-1865/650-475-4523. E-mail: peter.adrian@frost.com. URL: 

www.frost.com 

 

6. PATENT ANALYSIS OF COLD-FORMING PROCESS 

Cold-forming is a process for forging shapes and tools from metals at a 

relatively low temperature. The temperature ranges from room temperature to a 

few tens of degrees higher. Cold-forming is a high-speed process, where the 

speed is one of the factors that determines the shape and size of the metal in 

desired form.  

In the cold-forming process, the metal is forced into a die by pressing 

beyond its elastic limit. Since the metal crosses its elastic limit, the metal 

conforms to the shape of the die and remains in the same shape. However, the 

metal is not strained beyond its tensile strength during the forming process 

because crossing the tensile strength of the metal would lead to fractures in the 

metal structure formed. 

Cold-forming is widely used in the steel industry because the elastic limit 

of steel is quite low. Cold-forming is used in various applications where steel 

needs to be forged into different shapes and sizes based on the application it is 

used in.  

One of the interesting patents filed (US 20150183204), which is assigned 

to Unitika Ltd., pertains to a production method and use of a polyester film for 

the cold-forming process. Another interesting patent (US 20150266083), 

assigned to Illinois Tool Works Inc., pertains to a method and apparatus used for 

cold-forming thread rolling dies (including a method for roll forming the face 

pattern onto a pattern forming die). 
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Exhibit 1 shows the patent activity related to the cold-forming process 

during the last 7 months (June 2015 to December, 2015). 

Picture Credit: Frost & Sullivan 
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