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1. METHOD TO MANUFACTURE SMALL-SIZED ELECTRONIC COMPONENTS 

Electronic component manufacturers are looking for innovative ways to 

downsize their products. Manufacturers are trying to achieve this without having 

to compromise the thermal conductivity of the materials that are used in their 

products.  

Researchers from the Bourns College of Engineering, University of 

California, Riverside, USA and University of Manchester, UK, have found that by 

creating a sandwich between graphene and copper, it would be possible for 

manufacturing small-sized electronic products. From the various experiments that 

were carried out by the researchers, it was found that by adding a layer of 

graphene, which has thickness of one atom with high electrical, thermal, and 

mechanical properties, to both sides of copper, the heat conducting properties 

were increased by almost 24%. The researchers believe that this enhancement of 

the ability of copper to conduct heat more when sandwiched with graphene could 

become a key development in the formation of hybrid copper that can be used for 

manufacturing electrical chips that are becoming increasingly smaller of late. The 

researchers were able to see from the experiments that there was significant 

improvement in the thermal properties of graphene coated copper films even with 

the thickness of the graphene being only one atom. It was also found that the 

improvements in the thermal properties were largely due to the changes in the 

nano and micro structures of the graphene when compared to graphene’s heat 

conducting channel. When the grain sizes of copper were examined before and 

after adding the graphene, it was seen that the chemical vapor deposition of 

graphene conducted at high temperature stimulated the growth size of the copper 

films. Hence, with larger grain size of copper that was coated with graphene, 

better heat conduction was observed. In addition to the above-mentioned results, 
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the heat conduction rate by adding graphene was seen more prominently in 

thinner copper films. The results have been seen as a major breakthrough as 

further improvements will be enabled in the future when the copper interconnects 

are scaled down to ranges of nanometers, which is 1/1000th of the micrometer 

range.  

The research team is currently working on investigating the changes of 

heat conducting properties in copper films that are coated with graphene. They 

are also planning to develop a theoretical model that is even more accurate in 

order to provide an explanation for the thermal conductivity changes in 

accordance with the changes in grain size. The National Science Foundation and 

STARnet Center for Function Accelerated nanoMaterial Engineering (FAME), a 

Semiconductor Research Corporation (SRC) program sponsored by 

Microelectronics Advanced Research Corporation (MARCO), and Defense Advanced 

Research Projects Agency (DARPA) have supported the research. Electronic 

products manufactured using this novel model developed by the researchers could 

commercialized around 2016.  

As this novel innovation enables the downsizing of electronic products, it is 

seen as a key advantage in electronic product manufacturing. Due to this 

advantage, various manufacturing companies can adopt this novel method once it 

is commercialized on a large scale.  

Details: Sean Nealon, Media Contact, University of California, Riverside, 

900 University Ave., Riverside, CA 92521. Phone: 951-827-1287. E-mail: 

sean.nealon@ucr.edu. URL: www.ucr.edu. 

 

2. INNOVATIVE SOFT ROBOT WITH INCREASED CAPABILITIES 

 Extensive research being carried out in the field of soft robotics is aimed 

at making robots safer for human-robot interaction. An advantage of soft robots 

is that they are equipped with soft machines, which change the entire planning 

system, thereby preventing collisions at the workplace. In many robotic motion 

planning systems, avoiding collisions within the working environment is given 

highest priority.  

Researchers from the Massachusetts Institute of Technology (MIT), USA, 

have developed a novel robotic fish that is designed in such a way that it explores 

one of the key advantages of soft robots; their capability to deform continuously. 

This deformation capability gives the soft robotic systems various configurations 
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which are not usually achievable with machines that are hinged. For instance, the 

continuous curvature of the novel fish robots body when it flexes allows it to 

change direction at a significantly faster speed. According to the researchers, this 

soft robotic fish can maneuver and change direction in a fraction of a second, 

similar to the movements of real fish. The findings of the research on this self-

contained autonomous robot that has been developed have been published in the 

March, 2014 edition of the journal Soft Robotics. Each side of the robotic fish’s 

tail has been bored through with a long tightly rolling channel. Carbon dioxide  

released into the container kept in the abdomen of the fish causes inflation of the 

channel which in turn reflects in the bending of the tail in the opposite direction. 

Each half of this robotic fish tail has been equipped with two control parameters--

the diameter of the nozzle that releases the gas into the channel and the amount 

of time that it is left open. In the various experiments that were conducted by the 

researchers, it was found that the angle at which the fish changes direction could 

be in the order of 100 degrees, based on the duration of inflation. The rate of 

speed at which the robotic fish moves is based on the diameter of the nozzle. The 

researchers have used 3D printers for building the mold of this robotic fish in 

which the tail and the head were made from silicone rubber and polymer, thereby 

protecting the various electronic parts that are used in the robot.  

This innovation from the researchers at MIT could help in the development 

of soft robots. Soft robots could have opportunities in varied areas, such as 

reconnaissance, mines, factories, biomedical, material handling, and so on. 

Details: Larry Hardesty, Media Contact, MIT News Office, Massachusetts 

Institute of Technology, 77 Massachusetts Avenue, Cambridge, MA 02139-4307. 

Phone: 617-253-4735. E-mail: hardesty@mit.edu. URL: www.mit.edu. 

 

3. ROBOTIC SYSTEM FOR SPACE APPLICATIONS 

One area where researchers are continuously developing newer robotic 

technologies entails making space applications more sustainable and efficient.  

In this vein, researchers from the Satellite Servicing Capabilities Office 

(SSCO) at NASA’s Goddard Space Flight Center, USA, have successfully 

completed and tested an innovative Remote Robotic Oxidizer Transfer Test 

(RROxiTT). The success of this research has given NASA the confidence that 

advanced satellite refueling technologies could be realized in the near future. The 

researchers have devised the ground-based RROxiTT with capabilities to test the 
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efficiency with which the robots would be able to transfer hazardous oxidizers at 

flight-like pressures and flow rates. The hazardous oxidizers have been 

transferred through the propellant valve into the mock tank of a satellite for 

testing purposes. By developing and enabling robotic capabilities for repairing and 

refueling GEO satellites, NASA believes that it would be able to significantly 

reduce the time taken for operations that require immediate attention. It is also 

believed that these new robotic technologies would boost the commercial satellite 

servicing industry, which is experiencing a spike in growth recently. In addition to 

helping the GEO satellites, these novel robotic technologies would also help in 

making space repairing processes greener and more sustainable.   

RROxiTT has been tested with integration of a number of novel robotic 

technologies and procedures that have been jointly developed by Goddard and 

Kennedy Space Center, USA. Some of the key technologies include a flexible 

propellant hose, a novel Oxidizer Nozzle tool, and a propellant transfer system 

(PTS), which have been developed with the collaboration of different teams at 

SSCO. This novel PTS is said to consist of oxidizer tanks, sealless pumps, and 

flow metering devices. In addition to the above- mentioned components, the PTS 

also contains a maze comprising of critical components, such as a servicer 

satellite, which is required for replenishing the propellant of the orbiting 

spacecraft, thereby significantly increasing its life. Currently, the researchers are 

focused on designing the RROxiTT technologies for space applications. They 

believe that in the future it could be used for robotic replenishment of satellites 

before being launched. An oxidizer is a chemical that is mixed with the satellite’s 

fuel, causing instant combustion required for providing the necessary thrust for a 

satellite. This liquid, which is present in the fuel tank has an intense pressure of 

almost 300 pounds per square inch and is extremely toxic, corrosive and 

compressed. By employing the newly developed RROxiTT technologies, it would 

be possible to robotically fill up the satellites that are present on the ground, 

keeping humans safe from extremely hazardous operations. The research team is 

currently working on expanding its research in order to include xenon transfer 

technologies which are the propellants used by satellites having electric 

propulsion systems. 
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This  technology can significantly reduce the time required for fueling and 

carrying out repair tasks for satellites in space.  

Details: Dewayne Washington, PR Contact, Goddard Space Flight Center, 

8800 Greenbelt Rd, Greenbelt, MD 20771. Phone: 301-286-0040. E-mail: 

Dewayne.A.Washington@nasa.gov. URL: www.nasa.gov. 

 

4. PATENT ANALYSIS OF CO-INJECTION MOLDING PROCESS 

The co-injection molding process is the most frequently used among the 

various multi-material molding processes. This type of molding process is 

employed for a wide range of applications in different industrial sectors. Some of 

the commonly used materials in the co- injection molding process are polyamides, 

nylon, polyacetal, polycarbonate, polyesters, polysulfone, polyethersulfone, 

polypropylene, polyethylene, ABS, PBT, polybenzimidazole, and polyamide-

imides. The co-injection molding process produces plastic parts having a skin and 

a core laminated structure. The skin material is first injected into the mold which 

is then followed by the core material. Once the core material is injected into the 

mold, the skin material is pushed inside the mold which encapsulates the core. By 

doing so, the end product can be manufactured with a desired appearance of the 

outside skin material. The above-mentioned feature allows this process to be 

employed for enabling regrinding and reprocessing the core material which gives 

advantages in terms of cost reduction. The other advantage of this process is that 

it also provides significantly high product strength and performance when high 

impact plastics are used as the core materials.  

From the patents that have been exhibited, it can be seen that research 

has been carried out to increase the range of products that are being 

manufactured using this molding process and also in the parts and components 

used in co-injection molding machines. 



Advanced Manufacturing Technology Alert 

© 2014 Frost & Sullivan 6 

 

 



Advanced Manufacturing Technology Alert 

© 2014 Frost & Sullivan 7 

 

Exhibit 1 depicts patents related to the co-injection molding process. 

Picture Credit: Frost & Sullivan 
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