Technology Research – Nanotechnology

Molecular Memory 

Ever since the first microcomputer was developed (and possibly prior to this), there has been constant research to make computers (and in this article computers will mean desktops, laptops and other forms of computer devices) smaller, faster and more reliable. And if you look at the short history of development, you will notice the rapid increase in chip switching speeds, and in memory size -from 64Kb in the ‘early’ days to multigigabytes in 2004.

The drive for faster, smaller and reliability characteristics has not ceased. 

The contents of this article were sourced from Technology Research News (2001) and Physics News Update (March 2004).

In conventional memory cells, a ‘bit’ – binary digit (and you can thank Augusta Ada who convinced the scientists of her day that the binary system was the most suitable for computation) is either a zero or one.  

Technically, one way of cramming more data into a fixed lateral region of a storage device (and that is what ‘memory’ is) is to either

a. shrink the size of the cell  or

b. store more than one bit in each memory cell

And that is the basis of molecular electronics (moletronics for short). The objective is to store information in the form of ‘parcels of electrical or photoelectric charge) placed at several active sites around a single molecule. -  not that is really small.  You may have read about atomic physics, but if you haven’t,  a molecule is the component of matter.

Building electronic components such as memory out of individual molecules would give extraordinary powerful and cheap computers (as envisaged in 2004).

A memory cell with 3 different controllable states has been built  by a USC/NASA-Ames collaboration.  The cell has a total of 8 (23) distinct levels. The multilevel memory works by charging (or discharging) ‘molecular wires’ which consist of molecules into different chemically reduced or oxidised states. 

The information stored in the unit can be read back by sampling the resistance of the nanowire. The reduced or oxidised gates (known as redox) act as chemical gates for controlling the number of electrons in the nanowire.

Tests conducted show that this ‘data’ has survived for 600 hours, as compared to retention times of a few hours for one-bit-per-cell molecular memories.

Just to refocus you, nanotechnology is not only about making computers which are faster, smaller in size and larger in capacity.  Nanotechnology is the deliberate creation of structures 100 nanometres in size (or smaller). Nanotechnology addresses possible environmental  remediation (or pollution reversal), power transmission, disease diagnosis and treatment (and you are probably aware of the advances made in heart surgery, brain surgery and muscle and tendon surgery over the past 10 years ). 

Just to give you some scale perceptions, I’ve included the following table:

           A human hair is about  60 to 120 (m


Pollen is about 10 to 100 (m


Asbestos fibres are about 3 (m (and are extremely dangerous)


Diesel exhaust particles are about <100 nm to 1(m


Soot is about <10nm to 1(m


Nanotubes are about 1 nm in diameter


And atoms are from 1 to 3 Atomic units

There are two major problems which need to be ‘solved’. 

One is ‘how can the nano devices be built ?, and the other is

How can communication with them be made ?

The wires which you can see in current semiconductor devices are nearly 100 times too large to ‘fit’ the molecular devices.   

Hewlett- Packhard researchers have developed a chemical process which might solve this anomaly. Their molecular memory is a grid of wires about 2 one-millionths of a millimetre. (a nanometre).  This is about 10 carbon atoms placed side by side.  One side of these wires extends beyond the grid.

Where the wires intersect, a single molecule at the junction of the nanowires acts as an electrical switch where the ‘on’ and ‘off’ states represent the ones and zeroes used in computing. 

This grid is planned to be made connectable to the ‘outside’ world by sprinkling nanometre-size gold particles which extend past the grid, and then lay down a set of larger wires on the gold particles. This set of ‘larger’ wires (about 200 nanometre diameter) should be large enough to make a connection to the marco computer world which we now use. 

The ultimate aim of the research is to pack 100 gigabits into 1 sq.cm of chip space using molecular memory, which is 1,000 times more than is possible using standard semiconductor technology.

Don’t get the wrong idea – it is expected that this new system will not be used in practical devices for 5 to 10 years – which means that 2010 is bout the timescale.

