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I. Introduction





In this experiment, the optical characteristics of a light-emitting diodes (LEDs) are analyzed. The experiments are carried out with visible LEDs emitting in the green and red part of the spectrum and a GaAs LED emitting in the infrared. The active region of visible LEDs consists of semiconductor solid solutions (alloys), for example AlxGa1ÐxAs. A specific alloy composition is selected during epitaxial growth to give the desired bandgap energy and thus the desired emission wavelength. It is difficult to determine the precise alloy composition of a semiconductor. Why? Therefore, the exact bandgap energy of active materials emitting in the visible is not known.


Also available is a GaAs infrared (IR) LED. The bandgap of GaAs at 300ÊK is 1.42 eV. Thus, the peak of the emission spectrum can be compared with the bandgap energy for the GaAs LED.


In the experiments, the emission energy, the lineshape, and the linearity of the optical-power-versus-current curve are analyzed.


In the analysis, theoretical lineshapes and linewidths are compared with the experimental characteristics of the emission band. The temperature serves as a fit parameter. Furthermore, the linewidth of GaAs LEDs is compared to that of the visible LEDs.


For the linearity of the light-intensity-versus-current measurements, possible differences between the peak intensity and integrated intensity must be taken into account. Does the experimental emission spectrum change when the drive current is changed? Would theory predict a change? (hint: consider Boltzmann and Fermi-Dirac statistics). If the emission spectrum does not change, the peak intensities can be compared at different drive currents.











II. The Experiments





Visible LED:


Switch on one of the visible LEDs using a current of 20 mA.


Adjust the collimating and the focusing lenses in such a way to illuminate the entrance slit of the spectrometer.


Open the entrance slit and the exit slit of the spectrometer to 100 mm slit width.


Tune the spectrometer to the emission wavelength of the LED. A color versus wavelength chart will be helpful to find the right wavelength (see Fig. 1)


A Si photodiode is mounted at the exit slit of the spectrometer. Measure the current of the photodiode.


Maximize the detector signal by (i) choosing a high LED current (50 mA), (ii) adjusting the collimating lens, and (iii) adjusting the focusing lens.


Take spectra for currents of 1, 5, 10, 20, and 50 mA.





IR LED


Replace the visible LED with a GaAs IR LED.


Take spectra for currents of 1, 5, 10, 20, and 50 mA.





Luminescence from the side.


Measure the spectrum of an LED from the top surface (normal to the chip surface).


Measure the spectrum in the plane of the chip. 











III. Analysis





General: 


What is electroluminescence, photoluminescence, chemiluminescence? Give examples.





Peak energy analysis: 


The GaAs active material has a bandgap of 1.42 eV at room temperature. How does that compare to the measured peak energy?


Assume that the line shape of the band-to-band emission is given by I(E)Ê(ÊE1/2ÊexpÊ(EÊ/ÊkÊT). Determine the theoretical peak energy of band-to-band emission.





Lineshape analysis: 


Determine the theoretical linewidth (full width at half maximum) of band-to-band emission. Compare the theoretical linewidth, lineshape, and peak energy with the experimental data. Explain.


Fit the theoretical lineshape {I(E)Ê(ÊE1/2ÊexpÊ(EÊ/ÊkÊT)} to the experimental data. What temperature do you infer from the fit? 


Fit the lineshape {I(E)Ê(ÊE1/2ÊexpÊ(EÊ/ÊkÊT)} convoluted with a gaussian function to the experimental data. Is the quality of the fit better? What is the standard deviation of the gaussian function?


Compare the linewidth of the visible LEDs with the GaAs infrared LED.


Is the lineshape different when the spectrum is measured normal and parallel to the surface?


The natural linewidth of a transition between two quantum states is given by the uncertainty principle. The uncertainty relation is given by DEÊDtÊ(Êh, where Dt is the spontaneous lifetime. In GaAs, the spontaneous lifetime is DtÊÅÊ10 ns. Calculate the natural linewidth DE. Under which experimental conditions (what material, temperature, etc.) would the linewidth be given by the natural linewidth?





Linearity analysis:


Check the linearity (light-output-versus-current) of the LEDs. Can it be assumed that the spectral shape of the emission does not change with the injection current? Is the light-output-versus-current sublinear, linear, or superlinear? Explain.
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Fig. 1  Relative human eye sensitivity and luminosity as defined by the CIE (Comission Internationale de lÕEclairage) for normal photopic vision.
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