
Advanced Lab –JK/PCT Band Gap Energy in LED 
 

Purpose: To investigate the properties of a p-n junction in a way that allows measurement of 

the forbidden energy gap in an LED. 

 

References: 
Omar, Ali, Elemetary Solid State Physics 

Kasap, Principles of Electronic Materials and Devices, 3rd ed. 

 

Theory: 
The electron current through a p-n junction is strongly dependent on the applied potential 

difference.  As shown in the reference, 

     𝐼 = 𝐼0(𝑒
𝑒𝑉0/𝑘𝐵𝑇 − 1)    (1) 

                                                               

where Io is the maximum current for a large reverse bias, e is the magnitude of the electron 

charge, kB is Boltzmann’s constant, and T is the absolute temperature.  Briefly, Eq. (1) follows 

from the realization that there are two opposite currents through the p-n junction (for 

definiteness, we assume conventional current is flowing from p-type to n-type material).  These 

currents are: (a) a current due to majority carriers (holes, recombination flux), which must 

overcome the intrinsic electric field of the thin depletion zone at the junction and (b) a current 

due to minority carriers (electrons, generation flux), which are accelerated across the junction by 

the electric field in the depletion region.  Since any applied potential difference creates a field 

that either adds to or subtracts from the intrinsic depletion-zone field, the majority carrier current 

(a) is strongly voltage-dependent (for any given temperature) and is large for forward bias and 

small for reverse bias.  It is the first term in Eq. (1).  On the other hand, so long as the bias V is 

not too large in the forward direction, the minority carrier current (b) depends only on the 

number of minority carriers in the conduction band and the rate at which they diffuse to the 

junction.  Since the electric field at the junction simply accelerates the minority carriers across 

the junction, this current does not depend on V.  It is represented by the second term in Eq. (1). 

 
Figure 1: I-V curve for a p-n junction 

 

In this experiment we are dealing with temperatures less than or equal to room temperature, for 

which kT ≤ 0.025 eV.  Show that 𝑒𝑒𝑉0/𝑘𝐵𝑇 ≫ 1, so that Eq. (1) reduces to  

    𝐼 = 𝐼0𝑒
𝑒𝑉0/𝑘𝐵𝑇                                                                   (2) 

The reverse current, Io, is related to the band gap energy, Eg.  If a minority carrier (an electron for 



p-type) is to act as a carrier of charge and contribute to the current, it must have enough thermal 

energy to jump from the valence band to the conduction band.  Basic thermodynamics tells us 

that at a temperature T, the number of electrons that have gained this much energy by thermal 

excitation is proportional to the Boltzmann factor 𝑒−𝐸𝑔/𝑘𝐵𝑇.  Therefore, 

    𝐼0 = (𝑐𝑜𝑛𝑠𝑡)𝑒−𝐸𝑔/𝑘𝐵𝑇     (3) 

From Eq. (3), we can find Eg if we measure how Io varies with temperature. 

 

Procedure: 
Read off the turn-on voltages for the diodes at the LN, ice-bath and room temperatures; 

answer in Volts.  Use the Keithley electrometer to measure I –V curves for the various 

temperatures, starting with room temperature. Take readings of V for currents from 10 μA to 1 

mA and recall, “current” goes on the y-axis.   Use Eq. (2) to calculate Io(T) at the various 

temperatures you’ve used, and use Eq. (3) to find Eg from those data. 

   

Analysis: 

Band gap from IV curves 
 Derive Eqs. (1) and (3) in your notebook.   You expect that the turn-on voltage is related 

to the contact potential.  Explain how.  Use concepts you know about the pn junction. Explain why 

the turn-on voltages are different at different temperatures. Plot the I-V cruves and  include both 

fit and theory curves on your experimentally determined I-V curves.  Caution: equation (2) has 

been derived for an ideal diode, when the forward biased current is due to minority carrier diffusion 

in the neutral regions.  Consider, however, that recombination may also occur in the depletion zone 

(i.e., the carriers recombine in the space charge layer before they make it across).  In that case, an 

additional term must be added to eq. (2), so the total reads (Kasap, pg 487-489): 

  𝐼 = 𝐼𝑠0𝑒
𝑒𝑉0/𝑘𝐵𝑇 + 𝐼𝑟0𝑒

𝑒𝑉0/2𝑘𝐵𝑇  𝑒𝑉0 ≫ 𝑘𝐵𝑇 
This equation is often given in a single exponential form as 

𝐼 = 𝐼0𝑒
𝑒𝑉0/𝜂𝑘𝐵𝑇 

where η is an ideality factor that can take on values from 1 (normal minority carrier diffusion) to 

2 ( recombination in the space charge layer).  What is the ideality factor for your diode? 

 

Include an analysis of the data to find Eg without measuring temperature (in addition to the strategy 

described in the procedure section above).    Explain why no current flows when the junction is 

reverse biased.  Explain what happens to the current as the temperature decreases.  Explain 

deviations of your data from theoretical expectations (i.e. why does theory break down?).  Consider 

heating due to the current. 

 

Emission spectrum 

Use the Ocean Optics spectrometer to measure the output spectrum for the LED.  The 

intensity will be measured as a function wavelength.  Plot the spectral curves obtained at the 

various temperatures on separate graphs, but instead of wavelength, use energy in eV on the x-

axis. 

 

Discuss any asymmetry in the peak profiles – where the asymmetry comes from and how 

and why it depends on temperature.  From the emission spectrum, determine the gap energy EG 

at various temperatures? (hint: it is not the peak energy).  Is this energy roughly the same as that 

estimated from the IV curves?  Discuss why the band gap energy depends on temperature.  The 

linewidth of the output radiation between the half intensity points should approximately be 3kBT.  

What are the line widths of your profiles and do they agree with 3kBT?  Explain qualitatively 

why the line width should depend on temperature. 


