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® Efecto fotoeléctrico
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Fundamentos

® Efecto fotoeléctrico
® Explicado por Einstein en 1905 (Nobel)
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Fundamentos

® No se puede explicar si la luz es una onda
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Fundamentos

K=bhv-WF
hv = Energia del foton incidente.

W = Trabajo necesario para sacar al eleciron del metal.

Increasing energy

Slope=h

Wtk Function
F=hv
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Light Frequency

CCD: Charge Coupled Device
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‘Elcmcnt ‘\\f’ork Function(eV)
Aluminum 4.08
Beryllium 5.0
Cadmium 4.07
® Diferentes valores de la fun- Caleium 55
cion de trabajo Carbon 451
Cesium 2.1
Cobalt 5.0
Copper 4.7
Gold 5.1
[ron 4.5
Lead 4.14
Magnesium 3.68
Mercury 4.5
Nickel 5.01
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Exposure finished, buckets now contain samples of rain. Conveyor belt starts turning and transfers buckets. Rain collected on the vertical conveyor
is tipped into buckets on the horizontal conveyor.

After each bucket has been measured, the measuring cylinder

Vertical conveyor stops. Horizontal conveyor starts up and tips each bucket in turn into
4 P 4 P P is emptied , ready for the next bucket load.

the measuring cylinder .
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A new set of empty buckets is set up on the horizontal conveyor and the process
is repeated.
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Structure of a CCD 1.

The image area of the CCD is positioned at the focal plane of the telescope. An image then builds up that
consists of a pattern of electric charge. At the end of the exposure this pattern is then transferred, pixel at a
time, by way of the serial register to the on-chip amplifier. Electrical connections are made to the outside
world via a series of bond pads and thin gold wires positioned around the chip periphery.

Image area Metal,ceramic or plastic package

Connection pins

Gold bond wires

Bond pads

Silicon chip

On-chip amplifier

Serial register

Structure of a CCD 3.

The diagram shows a small section (a few pixels) of the image area of a CCD. This pattern is reapeated.

‘}hannel stops to define the columns of the image
\

Structure of a CCD 2.

CCDs are are manufactured on silicon wafers using the same photo-lithographic techniques used
to manufacture computer chips. Scientific CCDs are very big ,only a few can be fitted onto a wafer.
This is one reason that they are so costly.

The photo below shows a silicon wafer with three large CCDs and assorted smaller devices. A CCD has
been produced by Philips that fills an entire 6 inch wafer! It is the worlds largest integrated circuit.
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Structure of a CCD 4.

Below the image area (the area containing the horizontal electrodes) is the ‘Serial register’ . This also
consists of a group of small surface electrodes. There are three electrodes for every column of the image area

Plan View Transparent
horizontal electrodes
1o define the pixels
One pixel vertically. Also

sed to transfer the
charge during readout

On-chip amplifier
t end of the serial

Serial Register register

Electrode
Insulating oxide

«—____ n-type silicon

Cross section of

Cross section .
«__ Pypesilicon serial register

Every third electrode is connected together. Bus wires running down the edge of the chip make the

connection. The channel stops are formed from high concentrations of Boron in the silicon. Once again every third electrode is in the serial register connected together.



Structure of a CCD 5.

Photomicrograph of a corner of an EEV CCD.
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The serial register is bent double to move the output amplifier away from the edge
of the chip. This useful if the CCD is to be used as part of a mosaic.The arrows
indicate how charge is transferred through the device.

Electric Field in a CCD 1.

The n-type layer contains an excess of electrons that diffuse into the p-layer. The p-layer contains an
excess of holes that diffuse into the n-layer. This structure is identical to that of a diode junction.

The diffusion creates a charge imbalance and induces an internal electric field. The electric potential
reaches a maximum just inside the n-layer, and it is here that any photo-generated electrons will collect.
All science CCDs have this junction structure, known as a ‘Buried Channel'. It has the advantage of

keeping the photo-electrons confined away from the surface of the CCD where they could become trapped.

It also reduces the amount of thermally generated noise (dark current).
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" graph above.
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Cross section through the thickness of the CCD

Structure of a CCD 6.

Photomicrograph of the on-chip amplifier of a Tektronix CCD and its circuit diagram.
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Electric Field in a CCD 2.

During integration of the image, one of the electrodes in each pixel is held at a positive potential. This
further increases the potential in the silicon below that electrode and it is here that the photoelectrons are
accumulated. The neighboring electrodes, with their lower potentials, act as potential barriers that define
the vertical boundaries of the pixel. The horizontal boundaries are defined by the channel stops.

Electric potential
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Photons entering the CCD create electron-hole pairs. The electrons are then attracted towards In the following few slides, the implementation of the ‘conveyor belts’ as actual electronic

the most positive potential in the device where they create ‘charge packets’. Each packet structures is explained.

corresponds to one pixel
The charge is moved along these conveyor belts by modulating the voltages on the electrodes
positioned on the surface of the CCD. In the following illustrations, electrodes colour coded red
are held at a positive potential, those coloured black are held at a negative potential.
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