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A CCD is a semi-conductor device. CCDs are used in orinary digital cameras, but in professional astronomy CCDs of much higher quality are required

The manufacturing process for all CCDs is essentially the same — complex circuits etched into a silicon wafer — but the eventual use is somewhat different. The CCDs used in astronomy are sophisticated, low-noise variants of the imaging devices used in digital cameras. The primary difference is that astronomical CCDs are designed to detect extremely faint objects. . One particular requirement is that astronomical CCD’s must work at extremely low temperatures. This reduces “noise” or spurious signals that can be produced by thermal agitation of the CCD material.
A CCD is essentially an array of light sensitive elements. These elements are arranged in a grid, and each is referred to as a pixel. A typical modern CCD may have 2048×2048 pixels — just over 4 million in total. The pixels are typically 15 to 25 microns in size. A photon hitting a pixel knocks loose an electron, and hence deposits a charge on the pixel. 

Quantum Efficiency (QE)
The charge on each pixel is a measure of the number of photons which struck it. A typical modern CCD is 90% efficient at this capture — that is, on average; roughly 90 out of every 100 photons which strike the CCD produce a measurable signal. This is called the quantum efficiency (QE) of the device. The extremely high QE of CCDs is why they are so much better than photographic film — the QE of the best film is only about 1%! 
This had tremendous impact on astronomical imaging & spectroscopy. It meant the detection threshold with any instrument was extended 4-5 magnitudes over film and that therefore a 1-m telescope could now pursue the kind of science previously possible only with 4-m class telescopes. 
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Figure 1 The graph compares the quantum efficiency of a rather inefficient CCD, photographic emulsion, the eye and the best photographic film. CCDs now have a QE >90% over a relatively wide range of wavelengths.

Wavelength Response

Notice from figure 1 the very wide range of wavelengths that the CCD responds to with high quantum efficiency.

CCDs can be designed to respond to non optical wavelengths for observations outside the visible region of the spectrum.
Linear Response.

CCDs have another great advantage over photographic film: linear response. At a fixed photon energy, one photon equals one electron. Photographic film isn’t nearly as easy to interpret 
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Geometric Stability
The pixels on a CCD are essentially arranged in a regular grid pattern. With a fine enough pattern of pixels we can place to a high degree of precision where the photon actually fell onto the sensing surface. This is not the same for film which depends on the grain size and irregular distribution of chemical deposits which must undergo a photochemical response to the photons which fall on them
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There is another advantage to CCDs often forgotten by modern astronomers. Using a CCD is just easier than using photographic film — no fumbling around in the dark loading the cameras, no long hours in the dark-room, inhaling noxious fumes and squinting at barely visible equipment.
How It Works
Each pixel of the CCD is a photodiode. Photodiodes use the photoelectric effect. When a photon falls at the surface an electron is liberated. The electrons released in this way are trapped between regions of negative charge in potential wells. 
The number of electrons stored in a given potential well is proportional to the number of photons that have fallen on the pixel.

The information stored by each pixel can be read out when required. The pixels are read one by one. The electronic charge in each pixel is moved to “shift registers” and counted. 
The order in which they are counted is fixed and thus each portion of charge is identified with the pixel from which it came. This counting process destroys the information stored in the CCD and cannot be repeated.
What the specification says:





Use of CCD to capture images.


Structure and operation of the charge coupled device:


A CCD is silicon chip divided into picture elements (pixels).


Incident photons cause electrons to be released.


The number of electrons liberated is proportional to the intensity of the light.


These electrons are trapped in .potential wells. in the CCD.


An electron pattern is built up which is identical to the image formed on the CCD.


When exposure is complete, the charge is processed to give an image.


Quantum efficiency of pixel > 70%.





The irregular grain arrangement of film on the left compared with the regular pixel arrangement of a CCD





The linearity of responseof a CCD to photons of a particular frequency. 





The exposure time is directly proportional to the number of photons that have fallen on the CCD surface. A similar plot of film response is non-linear .








