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Nanotechnology is “a phrase for materials and devices that operate at the nanoscale.”  “Nano” equals a billionth and therefore a nanometer is one-billionth of a meter.  Unique phenomena occur at the nanoscale; included is quantum confinement (which can result in different electromagnetic and optical properties of a material between nanoparticles and the bulk material) and the Gibbs-Thomson effect, which is the lowering of the melting point of a material when it is nanometers in size.  A nanoscale magnet is a magnet that may one day replace transistors in computers.  With the limit of transistor miniaturization approaching, the tinier nanomagnets could help to prolong Moore’s law and ensure that processors continue to get faster and more powerful.  The observation made in 1965 by Gordon Moore, co-founder of Intel that the number of transistors per square inch on integrated circuits had doubled every year since the integrated circuit was invented. Moore predicted that this trend would continue into the foreseeable future. In subsequent years, the pace slowed down a bit, but data density has doubled approximately every 18 months, and this is the current definition of Moore's Law, which Moore himself has blessed. Most experts, including Moore himself, expect Moore's Law to hold for at least another two decades.

In 2001, Russell Cowburn and colleagues at London’s Imperial College, UK, made the discovery that magnetic fields from one nanomagnet could be coupled with the next by reversing its polarity.  So, a north-south oriented magnet induced a south-north pole in the adjacent one, and so on.  This will enable information to “be passed down the chain of nanomagnets.”  This discovery has been furthered by researchers at the University of Notre Dame in Indiana nanoengineering department, led by Alexandre Imre.  They have shown that you can “use the nanomagnets to produce a universal logic gate (fundamental circuit component used to process information, which turn several inputs into one output, depending on the input signal combinations).  With this universal logic gate, you can build any other logic circuit you like.”

Imre’s team has made a universal logic gate called a majority inverter.  From this they can make any other type of logic gate needed for a circuit, including NAND and NOR gates, which all possible logic circuits can be made with these two.  Because the gates are based on magnets, they can be switched from one to another easily, allowing processors built from nanomagnets to be reprogrammed to do different jobs while they are in use.  Simulations show that processing speeds of at least 100 megahertz should be possible using magnets 110 nanometers wide with smaller ones expected to do better; consumer computer processors function at 2 or 3 gigahertz.

Until now, the only place magnetic devices have replaced electronic components is in an emerging class of chip called a Magnetic Random Access Memory.  MRAM keeps frequently used software or data stored permanently in magnetic cells, so there is no need to load it slowly from a disc.  This makes boot-up times faster.

Things are different at different size scales.  A flea can jump many times its height; an elephant on the other hand cannot jump at all.  In general, smaller things move faster, weigh less, and are often more powerful; this is called “scaling laws.”  Sometimes, very small things behave differently because of physics quirks.  Tiny particles of gold may change color to red or even blue.  Harnessing these physics quirks, sometimes called “quantum effects,” is the basis for some of the interest in nanoscale technologies.

A small chunk of material-less than 100 nanometers on a side is called a nanoparticle.  A nanoparticle is less precise than a molecule: it is defined by size rather than by chemical composition.  Almost any material can be made into nanoparticles, including carbon, metals, oil, and silicon.  Nanoparticles often behave differently than the larger versions of the material, sometimes from the quantum effects and sometimes from scaling laws.

There are several nanoscale technologies that could take over.  One is quantum dots, or semiconductor particles.  These fluorescent nanoparticles are being used by biologists to stain and label cellular components.  By changing the size of the quantum dot, the color emitted can be controlled.  With a single light source, one can see the entire range of visible colors, an advantage over traditional organic dyes.  Quantum dots don’t let the electrons flow through the wires like other technology does; instead, the electrons are tethered in place and only shift back and forth.  This shift causes nearby electrons to shift also, which is useful for signaling and computation.

Sensors are devices that report on some aspect of their environment, such as chemicals, sound, and mechanical forces.  Nanoscale technology can improve many different kinds of sensors, making them cheaper to manufacture and operate, smaller, and more sensitive.  They are useful in medicine, environmental monitoring, and automation.  The ability to make complicated molecules, and to join non-molecular nanoparticles with molecules, allows the creation of new kinds of medicines.  Better sensors allow faster, cheaper, and more accurate diagnosis.  Better materials lead to improved surgical implants.  

In Notre Dame’s tests, input signals were created using driver magnets placed near the gate’s input magnets.  But a functioning nanomagnetics chip would use small currents flowing in a grid of nanowires to induce magnetic fields where they are needed.  But much work remains before such a technology becomes a reality.  One of the many challenges will be to protect the delicate magnets from damaging heat and extraneous magnetic fields.  Cowburn, who is working with MRAM makers on developing the technology, suggests a common magnetic shielding material may have to be built into such chips.  Called mu-metal, it is an alloy of nickel, iron, copper, and molybdenum.  “It’s effectively a Faraday Cage for magnetic devices,” he explains.

In conclusion, nanomagnets are tomorrow’s future in magnetic devices.  Not only will nanomagnets make things better for the different science fields such as medicine with the findings of new medicines, but also the common person with the buying of a faster personal computer.
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Questions about the nanoscale magnets: a new hardware device

1. Who made the discovery of coupling nanomagnets to pass down information from one magnet to another?

A.
Russell Cowburn


B.
Alexandre Imre

C.
Lionus Pauling


D.
Gordon Moore

2.
What was the name of the person who made majority inverters?


A.
Russell Cowburn


B.
Alexandre Imre


C.
Lionus Pauling


D.
Gordon Moore

3.
What was the name given to the object from which you can build any other logic circuit you like?


A.
commercial logic gate


B.
understandable logic gate


C.
logic gate



D.
universal logic gate

4.
What is the screening material that should be produced to protect the magnets from heat and external magnetic fields?


A.
nu-metal



B.
qu-metal


C.
mu-metal



D.
du-metal

5.
What is the fastest processing speed that a nanomagnet has achieved so far?


A.
1 MHz




B.
10 MHz


C.
100 MHz



D.
1000 MHz

6. Until now, the only place magnetic devices have replaced electronic components is in an emerging class of chip call a ________________________________________.

A.
Microphone Random Access Memory
B.
Microwave Random Access Memory

C.
Magnetic Random Access Memory
D.
Microscopic Random Access Memory

7. What are the two critical logic gates known?

A.
NAND and NOR gates

B.
NORD and NAN gates

C.
NAN and NOR gates


D.
NAND and OR gates

