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Light emitting diode

1. PurpoSe
In addition to its rectifying properties, the p-n junction can be made to emit light in a fairly narrow wavelength band.  In fact under certain conditions, population inversion can be produced leading to lasing action - the "laser diode".  In this experiment, you will measure the semiconductor bandgaps for a number of different LEDS and, from their emission wavelengths, determine Planck's constant.

When p- and n-type semiconductors are brought together to form a p-n junction, electrons with energies in the conduction band diffuse from the n- to p-side and holes with energies in the valence band diffuse from the p- to n-side.  This flow of charge, which constitutes the "diffusion current", is increased under forward biasing conditions (positive of battery connected to p-side, negative to n-side).  With no applied voltage (Figure 1a), the diffusion current is balanced by an "equilibrium current" in the opposite direction due to thermally generated electron-hole pairs. (See "The P-N Junction".)
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Consider now what will happen under extreme forward biasing conditions (Figure 1b).  Many conduction band electrons will now be "injected" into the p-side, a region characterized by valence band holes.  Similarly many valence band holes will be injected into the n-side where conduction band electrons are dominant.  In both regions, recombination of electrons with holes will take place resulting in the emission of photons.  The situation is illustrated in Figure 1.  The photon energy is that of the energy gap between the valence and conduction bands:
hf = eV(g) ..........................(1)

Recalling equations (2) and (6) in "THE P-N JUNCTION" experiment, we obtain

I = C2e-eV(g)/kT(eeV/kT - 1)  .......(2)

for the relationship between current, I, and applied voltage, V.  For forward voltages (V positive) of 50 mV or more, and at room temperature (300 K) the first term in parentheses is much greater than 1, and the equation becomes

I ≈ C2ee[V-V(g)]/kT  ................(3)

Now at room temperature, kT is ~ 0.025 eV and for a typical LED, V(g) is ~ 1 V.  The table below shows the current (as a multiple of C2) as a function of forward voltage (as a multiple of V(g)) according to equation (3).  It shows that the current starts to increase significantly only when the applied voltage exceeds Vg, thereby providing a means of determining this quantity.

                     Voltage (V)     Current
                      O.8 V(g)     0.0004 C2
                      0.9 V(g)      0.018 C2
                      1.0 V(g)        1.0 C2
                      1.1 V(g)         55 C2
                      1.2 V(g)       2980 C2
2. Procedure

Make a graph of the data in the above table (current on the ordinate) and note the characteristic point on the graph corresponding to V = V(g).  This will help you in collecting and interpreting the data for this experiment.
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The main component of the apparatus is a circuit board containing 6 LEDs with the dominant emission wavelengths indicated.  Connect the DC power supply to the + and - terminals on the board so that the 100 W current-limiting resistor is included in the circuit.  Turn the potentiometer knob to zero.  Connect an ammeter to measure the current through the 950 nm LED and a voltmeter to measure the voltage across the LED only, i.e. do not include the 100 W resistor.  Measure the current as a function of voltage, being particularly careful to obtain sufficient readings around the "knee" of the curve.  Do not exceed the 100 mA maximum current rating for this LED.  Repeat these measurements for the other 5 diodes, noting that 4 have a maximum current rating of 50 mA and 1 has a 20 mA rating.  In fact you probably do not need to exceed half the maximum current ratings.

Finally apply current to the 635 nm LED, which does not have a colored envelope, and place it in front of the monochromator entrance slit.  By observing the light emerging through the exit slit, estimate the range of wavelengths emitted.  (A calibrated wavelength control can found on the side of the monochromator.) 

3. calculations

Plot 6 graphs of current (ordinate) vs voltage (abscissa) and, from them, determine V(g) for each LED.  Then plot V(g) (ordinate) vs frequency of light (abscissa) in order to obtain Planck's constant.
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