
1. Solar cell [10 M] 
a) Write the equations for 𝐼 − 𝑉 characteristics and  𝑃 − 𝑉 characteristics of pn 

junction solar cell. [BT 1][2 M] 
b) Derive the equation to determine the operating voltage for maximum power 

generation 𝑉௠ in terms of the photocurrent 𝐼௅ and reverse saturation current 𝐼௦. [BT 
3][4 M] 

c) The reverse saturation current density for a solar cell pn junction is 3.6 ∙

10ିଵଵ𝐴/𝑐𝑚ଶ. What is the photocurrent density required to generate open circuit 
voltage of 0.60 𝑉. [BT 4][4 M] 

  







2. 𝒏𝟎𝒑𝟎 product in extrinsic semiconductor [10 M] 
a) Design a new semiconductor material. It has to be p type and doped with 𝑁௔ = 5 ∙

10ଵହ𝑐𝑚ିଷ acceptor atoms. Assume complete ionization and assume 𝑁ௗ = 0. The 
effective density of states functions are 𝑁௖ = 1.2 ∙ 10ଵଽ𝑐𝑚ିଷ and 𝑁௩ = 1.8 ∙ 10ଵଽ𝑐𝑚ିଷ 
at 𝑇 = 300𝐾. The requirement is that the hole concentration must not exceed 5.08 ∙
10ଵହ𝑐𝑚ିଷ at 𝑇 = 350𝐾. What is the minimum bandgap energy required in this 
material? You can assume the 𝑛଴𝑝଴ product rule is valid for extrinsic semiconductor 
also. [Hint: Apply the 𝑛଴𝑝଴ product rule on the charge neutrality condition 𝑛଴ +
𝑁௔
ି = 𝑝଴ + 𝑁ௗ

ା.] [BT 6][10 M] 
  









  
3. Blackbody radiation and optical absorption [10 M] 

a) The Planck’s blackbody radiation law is given by 
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where 𝐼(𝜈) is the irradiance at a given frequency 𝜈 and temperature 𝑇. Find the 
expression for wavelength 𝜆௠ corresponding to maximum irradiance in terms of 
temperature 𝑇. [BT 3][4 M] 

b) An alien ship crash landed onto Earth’s surface. From the debris, the solar panel 
used for power generation is found to have a band gap of 5 𝑒𝑉. Estimate the 
temperature of the alien Sun.  [BT 5][4 M] 

c) Is the solar panel useful for applications on Earth? Why or why not? [BT 2][2 M] 
  














