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Scanning Tunnelling Microscopy

Abstract

An ambient STM instrument was used to scan a variety of surfaces to develop a practical knowledge of the abilities and associated problems of measuring on the nano-scale. Images were collected and analysed for size of features and reproducibility. 

Background

A Scanning Tunnelling Microscope (STM – also known occasionally as a Scanning Tunnelling Electron Microscope or STEM) is one of the most precise and highest resolution instruments available today. It can produce pictures on the scale of one nanometre (10-9 metres) across, and resolve individual atoms. It is used for many purposes, such as looking at how different substances bond together, and can also be used to derive the electronic capabilities of metals and semiconductors.

The STM exploits the effect of quantum tunnelling, one of the most fascinating outcomes of quantum mechanical (QM) theories. In this effect, a QM particle can pass through a region in which it would be forbidden to pass through in classical physics. 
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This effect is an outcome of the continuity of the wavefunction. In QM, a particle does not have a specific position, but instead it has a probability of being found at a certain position, which is defined by its wavefunction. If the particle encounters a potential barrier, classical physics dictates that it cannot move past it. In QM, the wavefunction does not immediately disappear, but instead decays exponentially through the barrier. However, this allows a non-zero probability of the particle being found when the wavefunction “emerges” from the other side of the barrier. In practical terms, it means that a particle can move through regions it would not usually be able to.

The STM utilises this effect by creating an electric field between a very sharp metal tip, and the surface of a sample. This electric field attracts electrons to the tip, but there is a potential barrier in the way, in the form of the air or ideally a vacuum. In classical physics the electrons would not pass over the gap to the tip, but the quantum tunnelling effect means that a small amount of them do, and create a tunnel current, which can be measured.

The size of the tunnel current is directly related to the voltage applied, but also to the distance between the tip and sample (which needs to be very small, ~1nm). This means that based on the change in the current, it is possible to derive the topography of the sample, and this is the basic principle behind the STM.

The instrument

The STM itself is an ambient instrument, used at room temperature and in the atmosphere. It runs in a mode that is slightly different from that above, using a series of feedback loops to keep the tunnel current constant by changing the tip-sample distance. The tip scans in a raster format, moving in the x-direction for the designated scan distance, then one step in the y-direction. The z-position is recorded and used to create an image of the surface by height. 

The tip is made from a platinum wire, and is held in place by two gold electrodes. The quality of the tip in an STM is the most important part of the instrument, as the image quality is directly related to the quality of the tip. If the tip is not sufficiently sharp, resolution of the smallest objects will not be possible. 

The sample is mounted on a magnetic plate and then held in place by a sample holder. This is then inserted into the STM, onto a z-piezo stepper. The piezo can then advance and withdraw the sample with a coarse or fine approach, and can automatically advance to a point set by the operator, of a certain tunnel current. 
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