Charge-coupled Device – CCD
Early astronomers would use their eyes to look through a telescope.
Nowadays, astronomical observations are usually recorded, either by:
· Photographic Emulsion

· Or more recently, electronic Charge Coupled Devices (CCDs)

Diagram of a CCD
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A  Picture Of A CCD
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Charge-coupled devices are used extensively in modern astronomy.

· A CCD is the sort of silicon chip that you would find inside a digital or video camera.

· It consists of an array of picture elements or pixels.

· The more pixels there are, the higher the resolution of the image. 
The diagram is beyond the requirements of the specification and need not be learnt.  Essentially the structure of the CCD is fairly straight forward.  It can be thought of as a piece of silicon, which can be several centimetres along each side.  This silicon chip is made up of perhaps 16 million picture elements or pixels, formed into a two dimensional array.  Electrodes connected to the device help form potential wells which allow electrons to be first trapped, and then moved in order for the information to be processed.

A telescope is used to form on image on the CCD.  As the chip is made of silicon, which is a semiconductor, it does not conduct a current like a metal.  However, if the electrons in it are given enough energy to get away from their parent atoms they can move around.  Photons striking the silicon liberate electrons which are then trapped in the potential wells of the pixels.  Exposure continues until sufficient electrons have been trapped to allow the required image to be obtained.  The number of electrons trapped in each well is proportional to the number of photons hitting the pixel i.e. to the intensity of the light falling on the pixel.  This means that the pattern of electrons in the array is the same as the image pattern formed by the photons.  (Each of the pixels corresponds to a spot in the final image).

When exposure is complete, the electrodes are used to shuffle the electrons along the array so that the contents of each well can be measured and the charge measurement used to create the image.  The signals can be amplified and stored electronically.
The quantum efficiency, which is the percentage of incident photons which cause an electron to be liberated, can be 70% to 80%.  This is very high compared to photographic film (about 4%).
CCDs have been used to detect several regions of the electromagnetic spectrum, not just visible light. An important part of their behaviour is their linear response to the incident light so that very faint parts of a relatively bright image can be obtained. The resolution of the CCD itself is related to the size of each pixel, smaller pixels allow for more detail to be observed.
Resolution v Sensitivity
· The larger the pixels, the more light falls on them.

· Therefore it takes less time to expose the image.

· With larger pixels it would be possible to observe very dim objects.

· In general, a balance must be found between resolution and sensitivity.
Advantages/Disadvantages

· A CCD is relatively cheap because of their use in cameras

· Their quantum efficiency is high

· They can detect faint objects

However,

· they are not equally efficient at all wavelengths.

· The silicon may be flawed reducing performance
