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1. METHOD TO MANIPULATE MAGNETIZATION INSPIRED BY BATTERY 

ELECTROCHEMISTRY 

Magnets and Magnetism have influenced the modern electronics a great 

deal. Over the years, many techniques and processes have been developed to 

manipulate magnetic properties that have led to an array of applications. 

Applications ranging from a portable speaker to huge weightlifting electromagnets 

and magnetic levitation vehicles manipulate magnetic properties to perform 

astonishing tasks.  

However, the creation or manipulation of magnetism has been possible 

only by physical methods. A new research study by a group of research scientists 

in Karlsruhe Institute of Technology (KIT) in Germany has succeeded in 

controlling the magnetic properties in large Ferromagnets using chemical 

processes inspired by the working principle of lithium-ion batteries.  

Earlier, the physical methods used for creating or influencing magnetic 

fields were to use an electromagnetic coil or to polarize ferromagnets with the 

desired properties. In the former method, a conducting coil is used to create 

magnetism. During the process, an electric current is applied through the coil 

which produces a magnetic field. The strength of magnetic field was modified by 

varying the voltage across the coils. But, the shortcoming of this method is that 

the magnetic field exists only when the current flows through the coil. The 

continuous flow of electric current consumes a large amount of energy and makes 

this whole process expensive. Meanwhile, the second process - polarization of 

ferromagnets- does not consume any energy to maintain the magnetic field. But 
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this method induces a permanent magnetism in ferromagnets only in the top 

monolayer atoms in the crystal lattices of ferromagnets.  

In their attempt to influence magnetism chemically, the research team 

observed the processes in a lithium-Ion battery to reproduce similar processes to 

influence magnetism.  The researchers claim that the idea for reversible 

magnetism was inspired from the reversible electrochemical processes that take 

place in a Lithium-ion battery which enables users to charge and discharge these 

batteries for several cycles during its lifetime.  

In the lithium-ion battery, during charging and discharging, the ions move 

from one electrode to another intercalates (addition of ions into the electrode) 

into it. Inspired by this electrochemical process, the researchers at KIT created a 

lithium-ion accumulator in which one of the electrodes was a pure lithium 

electrode and the other electrode was made from a ferromagnetic iron oxide 

(Fe2O3),  maghemite. Later, the lithium-ion accumulator was charged and 

discharged to observe the outcomes.  

It was observed that when lithium ion intercalation on maghemite 

increased in room temperature, the magnetization of maghemite decreased.  

After many trials and observations, the scientists concluded that by controlling 

the flow of lithium ions by charging and discharging the magnetization of 

maghemite could be controlled. The research team was able to control the 

magnetization up to 30%.   

The research team plans to achieve a complete ON-and-OFF switch 

magnetic switch. This new chemical method lays the foundation for such an 

achievement in the long run. When realized, a magnetic switch would work similar 

to an electrical transistor producing and turning off magnetic field when turned 

ON and OFF, respectively. The researchers are aiming to create small magnetic 

actuators using this novel technique in micro robots and microfluidics.  

Details: Dr. Subho Dasgupta, Group leader, Printed Electronics group, 

nanostructured materials Research Unit, Karlsruhe Institute of Technology, 

Karlsruhe Institute of Technology, Hermann -von-Helmholtz -Platz 176344 

Eggenstein-Leopoldshafen, Karlsruhe, Germany; Phone: +49 (0721) 608-23109; 

E-mail: subho.dasgupta@kit.edu; URL: www.kit.edu 

http://www.kit.edu/
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2. ENHANCEMENTS IN TWO-MICROMETER FIBER OPTIC LASERS 

Lasers that operate at two micrometers can provide key benefits compared 

to lasers that operate at shorter wavelengths. At the two-micrometer wavelength, 

laser light is readily absorbed by water molecules, and there is a strong 

absorption peak near 2 micrometers, which reduces the penetration depth of this 

wavelength in tissue to a few hundred micrometers. The easy absorption of laser 

light at two micrometers by water molecules renders such lasers quite useful for 

medical applications such as precision surgery. Water molecules are the primary 

constituents of human tissue. In surgery, two-micrometer lasers are able to 

target water molecules during an operation and to make incisions in extremely 

small areas without deep penetration. Moreover, energy from the laser can 

prevent bleeding by causing blood to coagulate on the wound. 

Two-micrometer lasers are beneficial for other applications, such as 

industrial materials processing (for example, transparent plastics), detection of 

lighter atmospheric gases, detection of lighter constituent compounds or markers 

of explosives, or detection of meteorological data over long distances.  

Fiber optic technology allows for creating less bulky and expensive two-

micrometer lasers. 

Researchers at the Photonic Systems Laboratory (PHOSL) at École 

polytechnique fédérale de Lausanne (EPFL) in Switzerland, led by Camille Sophie 

Brès, tenure track assistant professor, Photonic Systems Laboratory, have 

designed a lower cost fiber optic two-micrometer laser via changing the manner 

in which the optical fibers are connected to each other.  

In the design of a two-micrometer fiber optic laser, light is typically 

injected into an optical-fiber ring that contains a gain region which amplifies the 

two-micrometer light. The light circulates in the ring, and as it passes through the 

gain region many times, the light increasingly gains power until it  becomes a 

laser. For optimal operation, the systems can include an isolator, a costly 

component that forces the light to circulate in a single direction. 

In contrast, the PHOSL, researchers built a thulium-doped fiber laser that 

operates without requiring an isolator. The concept involves connecting the fibers 

differently, to steer light instead of stopping it. Instead of using an isolator to 

stop light from moving in the wrong direction, the researchers created a deviation 

or detour that redirects the light heading in the wrong direction.  
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The system also can be capable of generating higher quality laser light. 

Due to the amplifying fiber’s composition and dimensions and the high power 

circulating in the unusual laser architecture, the laser’s output becomes purified 

since the light interacts with itself in a special way. Owing to the specialized 

architecture, the association of the amplifying fibers and high power improves, 

rather than weakens, the laser’s performance. 

Details: Dr. Camille Sophie Brès, Tenure Track Assistant Professor, 

Photonic Systems Laboratory, EPFL, ELD 015 (Bâtiment ELD), Station 11, CH-

1015 Lausanne, Switzerland. Phone: +41-21-69-37866, +41-21-69-31037. E-

mail: camille.bres@epfl.ch. URL: http://phosl.epfl.ch 

 

3. COST-EFFECTIVE METHOD TO MANUFACTURE SOLAR CELL SILICON 

WAFERS 

The growing need to reduce global warming is increasing the adoption of 

clean energy all over the world. The most popular form of clean energy that is 

available in abundance is solar energy. Solar energy is harvested through solar 

cells. Solar cells and solar modules are used in variety of applications from 

lighting systems in homes and streets to huge solar power stations.  

However, the cost of the solar cells is rather high, making its affordability 

restricted to a few people. Solar cells are typically made of silicon wafers. In fact, 

silicon wafers are the heart of most solar cells. However, silicon wafers are the 

expensive part of a solar cell. This high cost of silicon wafers can be attributed to 

the manufacturing costs associated with silicon wafers.  

A group of researchers from Fraunhofer Institute for Solar Energy Systems 

ISE in Freiburg, Germany, has developed a new manufacturing technique that has 

opportunities to cut the costs of solar cell silicon wafers drastically. The novel 

manufacturing method saves raw materials by up to 50%. Similarly, this new 

method uses only 20% of the energy required compared to the existing wafer 

making processes. 

Conventional manufacturing processes for making solar cell silicon wafers 

start with an impure form of silicon. The silicon is then melted. Chlorine is added 

into molten silicon to purify it. This result in the formation of a compound called 

chlorosilicane. For obtaining high-quality polysilicon, hydrogen gas is passed 

through chlorosilicane. However, for making solar cell wafers, the crystal 

structure of polysilicon is not suitable. Therefore, the chlorosilicane is melted at 

callto:+41216937866
callto:+41216931037
mailto:camille.bres@epfl.ch
http://phosl.epfl.ch/
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1450 degrees C. This molten chlorosilicane is then grown using various methods 

to form silicon crystal blocks weighing from 200 kilograms to 1000 kilograms. 

Later, smaller square crystal blocks are cut from the large blocks, and these 

blocks are sawed to form small wafers that are placed inside solar cells.  Nearly 

50% silicon is wasted from the time chlorosilicane is melted and is finally sawed 

into wafers.  

The new method developed by the Fraunhofer researchers takes an 

alternative approach. In this approach, after obtaining chlorosilicane, it is melted 

at 1000 degrees C and mixed with hydrogen gas. Soon after this, instead of 

letting the molten chlorosilicane form crystals randomly, the researchers make 

the molten silicon to grow in a desired form.  

The desired crystal form from molten chlorosilicane is achieved with the 

help of a chemical vapor deposition (CVD) process. Basically, by using the CVD 

process, the gaseous silicon is made to deposit layer over layer with the required 

crystal structure on a substrate. Interestingly, the substrate here is another 

silicon wafer itself.  

As the gaseous silicon passes over the silicon wafer substrate, it settles on 

the wafer surface and coats it in a crystalline form. Further, the wafers settle 

layer over layer with a thickness equal to the atomic size of a silicon atom. In this 

way, multiple layers of crystalline silicon wafers are formed. In order to remove 

each layer off the substrate, a mechanical breakpoint in the form of porous silicon 

is introduced on the substrate.  

Another striking advantage of using the silicon wafer of the substrate is 

that it provides the necessary information for the required crystal structure for 

every new layer of wafer formed over it. This is a very important feature for solar 

silicon wafers because a specific crystal structure is required for silicon wafers to 

convert the incident sunlight into electricity.  

This new approach to making solar silicon wafers eliminates the messy 

sawing process. This means that nearly 50% of the high-quality silicon used in 

the wafer making process is saved. Another advantage of the new process is that 

the wafer formed is very thin compared to the wafers formed using conventional 

methods. The thinner the wafer, the less it costs, which will further bring down 

the cost of solar cells.  
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In summary, all the advantages rendered by the new process are 

estimated to bring down the cost of a solar cell by half. The reduction in the cost 

of solar cells is expected to reduce the cost of solar modules by around 20%.  

Details: Dr. Stefan Janz, Researcher, Feedstock, Crystallization and 

Wafering, Fraunhofer ISE Heidenhofstraße 2, 79110 Freiburg, Germany. Phone: 

+49-0761-4588-5261. E-mail: stefan.janz@ise.fraunhofer.de. URL: 

www.ise.fraunhofer.de 

 

4. 3D GLASS PRINTING TECHNOLOGY 

The development of 3D printing and its growing ability to use various 

materials for printing is increasingly making the technology more robust and 

mature. In fact, technology development and increased market adoption have led 

to the introduction of substantially lower-priced 3D printers based on such 

technologies as fused deposition modeling/fused filament fabrication, digital light 

processing, stereolithography, and selective laser sintering.  

Massachusetts Institute of Technology (MIT), USA, has developed three-

dimensional (3D) printing technology that uses a powder bed and is similar to 

inkjet printing. Such technology has been licensed to other companies, including 

ExOne, founded as a spin-off of Extrude Hone Corp. (which licensed such 

technology in 1996). 

Now, MIT has come up with another 3D printer and process that will open 

new possibilities with 3D printing technology.  

The team of researchers from MIT has produced a 3D printer that can print 

structures and objects using transparent glass. In describing the feat of being 

able to use glass in 3D printing, the researchers explained that they were able to 

overcome the obstacles faced by several other teams attempting to 3D print 

objects using glass. 

The biggest obstacle of all is to maintain an extremely high temperature 

required to melt glass. Many have attempted to overcome this obstacle by 

breaking the glass into tiny pieces and melting them using a technique called 

sintering at relatively low temperatures. However, the drawback of using sintering 

is that it weakens the structural integrity of glass and compromises other 

prominent attributes of glass such as strength and transparency. In order to 

overcome this limitation, the MIT researchers have developed a high-temperature 

system that is capable of melting glass, yet keeping its properties intact. 

http://www.ise.fraunhofer.de/
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The entire 3D glass printing consists of an upper chamber, where the high 

temperature system is placed. This chamber serves as a kiln, where glass is 

melted and supplied for printing processes. The second component is the nozzle 

made up of an alumina-zircon-silicon compound through which the molten glass 

flows to form a glass object. The third component is the lower chamber, which is 

insulated and houses the platform on which the object is built. 

The process of creating a glass object through 3D printing starts with 

melting the glass in the upper chamber. The high temperature system in the 

upper chamber heats to nearly 2000 degree C and melts the glass. The molten 

glass then flows through the nozzle. The nozzle is maintained at a temperature of 

1900 degrees C. As the molten glass flows through the nozzle, it settles on the 

build platform in the lower chamber. The lower chamber is maintained at an 

optimum temperature. The temperature should be maintained in the lower 

chamber in such a way that the chamber is not as hot as the upper chamber, in 

which case the glass will lose its shape and becomes a lump. At the same time, 

the temperature should not  be so low that glass starts solidifying quickly, which 

will break the lower layers which are relatively colder and hard as hotter molten 

glass settles over it.  

The new 3D glass printing process opens up the possibility of not only 

creating complex designs and patterns on the outer surface of glass objects, but 

also producing intricate designs inside glass objects.  

Details: Neri Oxman, Associate Professor, MIT Media Lab, MIT, 75 Amherst 

St, Cambridge, MA 02139. Phone: +1-617-452-5671. E-mail: neri@mit.edu. URL: 

www.mit.edu 

 

5. PATENT ANALYSIS OF CHEMICAL VAPOR DEPOSITION PROCESS 

Chemical vapor deposition (CVD) is a technique used to coat or deposit 

materials in the form of a thin film on wafers and other substrates.  This 

technique is very commonly used in the semiconductor industry, where silicon 

wafers are coated with thin films of materials.  

The process of CVD involves a reaction chamber, where the coating 

material is mixed with a suitable gas and introduced.  Then heat is applied along 

with high voltage or other techniques to decompose the gas and the coating 

material. After decomposition, chemical reactions occur in the chamber and the 

coating material deposits on the substrate placed inside the chamber.  The CVD 

http://www.mit.edu/
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technique is used to produce thin film coatings with high purity. The thickness of 

thin films deposited by CVD can range anywhere from a fraction of a nanometer 

(atomic thickness) to a few micrometers.  

The evolution of 3D printing technologies has expanded the use of CVD in 

3D printing nanostructures and in 3D bioprinting.  

Exhibit 1 highlights some patents for chemical vapor deposition techniques 

filed in 2015 (to date). Patents filed this year indicate that a fair amount of 

research in the chemical vapor deposition technique is taking place all over the 

world.  

One of the interesting patents, filed by Schunk Kohlenstofftechnik GMB (EP 

2885443), pertains to a CVD apparatus to coat surfaces of substrates via 

chemical hot-filament vapor deposition using coated carbon fiber filaments. 

Another interesting patent is filed by inventor Hongxing Wang (WO/2015/074544) 

for a microwave plasma CVD process that includes a waveguide for introducing 

microwaves. 
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Exhibit 1 lists patents for the chemical vapor deposition process. 

Picture Credit: WIPO 
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