Experiment (2)

      Photo-detectors characteristics
Aim of Experiment:-
1- Choice best detector to detection   He-Ne laser and Laser pointer.
2-To find the value of the response time (Tr) for silicon photodiode detector.
3-To verify that the current through a phototransistor varies with varying light 
Equipment:
1- He-Neon Laser , Diode Laser, Pin detector, Photocell, Oscilloscope, MultiMater, Power meter
Theory
1- Photo detector
Photo-detectors are devices that convert photons into electric current by means of “electron-hole” pair generation subsequent to the absorption of light by a semiconductor material. Presently, the most commonly used material is silicon.
   The detection of optical radiation is usually accomplished by converting the optical energy into an electrical signal. Optical detectors include photon detectors, in which one photon of light energy releases one electron that is detected in the electronic circuitry, and thermal detectors, in which the optical energy is converted into heat, which then generates an electrical signal. 
      Photo-detectors are used along with lasers in most practical applications of laser technology. Knowledge of photo-detectors and their use is extremely important for the laser technician. For example, photo-detectors are used to measure and control the laser power output for metalworking applications. They are needed to measure the position and motion of interference fringes in distance-measurement applications. They are employed as receivers in optical communications. For almost all laser applications they are used to ensure reproducible operating conditions.
A photo-detector produces an electrical response (current or voltage). It thus provides a useful measure of incident electromagnetic radiation. Photo-detectors can be used simply to detect the presence of electromagnetic radiation. Or, they can be used to give a quantitative measure of the radiation (for example, the power level). There are many different types of photo-detectors. These include vacuum-tube devices, semiconductor photodiodes, semiconductor photoconductive devices, thermocouples, and so on. The choice of a particular detector depends on the requirements of a specific application. These include the wavelength of the light, the sensitivity needed, the speed of response required, and so forth. Wavelength is especially significant because many photo-detectors respond only in certain parts of the spectrum. You’ll need this information to be able to choose detectors that have the right characteristics for specific applications.
2-Responsivity
  The first term that we will define is responsivity. This is the detector output per unit of input power. The units of responsivity are either amperes/watt (alternatively milliamperes/milliwatt or microamperes/microwatt, which are numerically the same) or volts/watt, depending on whether the output is an electric current or a voltage.
  The responsivity is an important parameter that is usually specified by the manufacturer. Knowledge of the responsivity allows the user to determine how much detector signal will be available for a specific application. In another words, it is a measure of the effectiveness of the conversion of the light power into electrical current
[image: ]
Where Iph is photo current and Pop is the absorbed power by (active
Material
The Iph is determined by
Iph=I-Id     for Id be the dark current
3-quantum efficiency
Ratio of how many photoelectrons are produced for every photon incident on
the photosensitive surface     h = (ne/nph) x 100%
ne is the rate of photoelectron generation
np is the incident photon rate
[image: ]


is quantum efficiency , h is Plank constant, q is the electron charge, is the
incident light wavelength and c is the speed of light or be represent through
the relation


Experiment method
Determination of Responsively and Quantum efficiency
1- Record the background intensity Id
2- Record the intensity I, When the He-Neon laser  Pass thorough the photo diode.
  3-Change the photo diode to photo cell and repeat the above steps Note (I and Id).
          4- For each steps the distance between the source and detector must be constant
          5-Record the above steps for Laser pointer
[bookmark: Record_results]          6- Change the diameter of laser beam and repeat the above steps. Record results in
               the table
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4-Response Time
• A measure of how long it takes a detector to respond to a change in
light power falling on it
Response time
1. Transit time in the depletion region
2. Diffusion time outside the depletion region
3. RC time constant
   If a constant source of radiant energy is instantaneously turned on and irradiates a photo-detector, it will take a finite time for current to appear at the output of the device and for the current to reach a steady-state value. If the same source is now instantaneously turned off, it will again take a finite time for the current to follow the change and decay back to its initial zero level. The term "response time" normally refers to the time it takes the photocurrent generated by the detector to rise to a value that’s 63.2% of the final or steady-state value reached after a prolonged period of time. The "recovery time" is the time it takes the photocurrent to fall from its steady-state value to a value that is 36.8% of the steady-state value.
    Photo-detectors are apt to be used for detection of fast pulses. So, a more important term, called "rise time," is used to describe the speed of response of the detector. Rise time is the time difference between the 10% point and the 90% point of the peak amplitude output on the leading edge of the pulse. "Fall time" is measured between the 90% point and the 10% point of the trailing edge of the pulse waveform. This sometimes is referred to as the decay time.
 Rise-time and fall time are the most significant of these pulse response times. These are the two terms most often quoted by manufacturers in their literature. The rise time of a device that transmits or displays waveforms is taken as the rise time of the output (or displayed) waveform if the device were driven with a theoretically perfect step function (zero rise time). In practice, we use a source whose rise time is much less than the rise time of the device under tests. Ideally, we’d like to have a source with a rise time less than or equal to 1/10 of the rise time of the detector being tested. Another factor to consider is the rise-time limitation introduced by cables or of the display device, for example, the oscilloscope or recorder. As an example, if we fed a perfect step function into a detector and then an oscilloscope, we could determine the output rise time by the following empirical equation
tt = (td2 + ts2)1/2
tt = Rise time of combination of devices.
td = Rise time of photo-detector.
ts = Rise time of display device (oscilloscope) and cables
	EXAMPLE D: CALCULATION OF PHOTODIODE RISE TIME.

	Given:
	A pulsed light source with a known rise time of 1.2 nanoseconds is used to excite a photodiode. A rise time of 3 ns is observed on the screen of an oscilloscope that itself has a rise time of 0.3 ns.

	Find:
	The rise time of the photodiode.

	Solution: 
	Using Equation 10:
[image: C:\Users\Msc shaida\Desktop\Module 4_ Photodetector Characteristics_files\Image515.gif]= [image: C:\Users\Msc shaida\Desktop\Module 4_ Photodetector Characteristics_files\Image520.gif]
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Procedure:
1-Schematic of the experimental setup is shown in Fig( 1).
2-guide the Laser to the silicon detector was used at ( 10kHz).
3- Connected the wire from silicon of was connected to the storage oscilloscope.
[image: ]4- Measurement. Find the output of the detector on the storage oscilloscope. Find the value of the
rise signal at 10% than at 90% :
[image: ][image: ]



[bookmark: _GoBack]Fig( 1).
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