The PN-junction

In the previous tutorial we saw how to make an N-type Semiconductor material by doping it with Antimony and also how to make a P-type Semiconductor material by doping that with Boron. This is all well and good, but these semiconductor N and P-type materials do very little on their own as they are electrically neutral, but when we join (or fuse) together these two materials they behave in a very different way producing what is generally known as a P-N Junction.

When the N and P-type semiconductor materials are first brought together some of the free electrons move across the junction to fill up the holes in the P-type material producing negative ions, but because the electrons have moved they leave behind positive ions on the negative N-side and the holes move across the junction in the opposite direction into the region where there are large numbers of free electrons. This movement of electrons and holes across the junction is known as diffusion. This process continues until the number of electrons which have crossed the junction have a large enough electrical charge to repel or prevent any more carriers from crossing the junction. Eventually a state of equilibrium (electrically neutral situation) will occur producing a "Potential Barrier" zone around the area of the junction as the donor atoms repel the holes and the acceptor atoms repel the electrons. Since no free charge carriers can rest in a position where there is a potential barrier it is therefore "depleted" of any free mobile carriers, and this area around the junction is now called the Depletion Layer.

The PN-junction

	


As the N-type material has lost electrons and the P-type has lost holes, the N-type material has become positive with respect to the P-type. The external voltage required to overcome this barrier potential that now exists and allow electrons to move freely across the junction is very much dependent upon the type of semiconductor material used and its actual temperature, and for Silicon this is about 0.6 - 0.7 volts and for Germanium it is about 0.3 - 0.35 volts. This potential barrier will always exist even if the device is not connected to any external power source.

The significance of this built-in potential is that it opposes both the flow of holes and electrons across the junction and is why it is called the potential barrier. In practice, a PN-junction is formed within a single crystal of material rather than just simply joining or fusing together two separate pieces. Electrical contacts are also fused onto either side of the crystal to enable an electrical connection to be made to an external circuit.

Then the resulting device that has been made is called a PN-junction Diode or Rectifier Diode.

