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1.	Semiconductors have long been established as being suitable for advanced engineering applications.
a.	Define the following terms with respect to semiconducting materials and provide examples of each: 
i)	Intrinsic
ii)	Extrinsic
iii)	Compound
iv)	Elemental.							[16]
b.	In your own words, explain how donor impurities in semiconductors give rise to free electrons in numbers in excess of those generated by valence band–conduction band excitations.									[5]
c.	Also explain how acceptor impurities give rise to holes in numbers in excess of those generated by valence								[5]
d.	An n-type semiconductor is known to have an electron concentration of 		
If the electron drift velocity is 350 m/s in an electric field of 1000 V/m, calculate the conductivity of this material					[4]

2.	Given that the atomic weights for Germanium and Silicon are 72.59 and 28.09 and intrinsic carrier concentration of Germanium and Silicon are  and   respectivley, determine the number of free electrons per atom for intrinsic germanium and silicon at room temperature (298 K). The densities for Ge and Si are 5.32 and 2.33 g/cm3, respectively						[6]

[bookmark: _GoBack]3.	Germanium to which As atoms have been added is an extrinsic semiconductor at room temperature, and virtually all the As atoms may be thought of as being ionized (i.e., one charge carrier exists for each As atom). (a) Is this material n-type or p-type? (b) Calculate the electrical conductivity of this material, assuming electron and hole mobilities of 0.1 and 0.05 m2/V-s, respectively.		[4]

3.	A well-established use of semiconductors is in lasing applications. 
a.	Give three properties of laser light						[3]
b.	Define each of the following terms and why they are important in producing lasers
		i)	Stimulated emission
		ii)	Population inversion 						[4]
c.	Lasers use three and four level laser systems. Give an appraisal of both types and the advantages of using four levels as opposed to three levels			[5]
d.	Laser light is produced from electron transitions between energy levels.
[image: ]


What colour laser light would you expect as a result of electron transitions between energy levels B and C								[8]
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