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ANSWER ALL QUESTIONS

	

1a	Using the data presented in the table below, 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.

b. 	An n-type semiconductor is known to have an electron concentration of 		
. If the electron drift velocity is 395 m/s in an electric field of 1550 V/m, calculate the conductivity of this material					[4]

2a. 	The room-temperature electrical conductivity of a germanium specimen is 2250(Ω-m)-1. The hole concentration is known to be  3.2. Using the electron and hole mobilities for germanium in the table below, compute the electron concentration. 											[4]
b. 	On the basis of the result in part (a), state if the specimen is intrinsic, n-type extrinsic, or p-type extrinsic giving a reason for your answer					[4]
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3. At temperatures near room temperature, the temperature dependence of the conductivity for intrinsic germanium is found to equal 
						

 where C is a temperature-independent constant, T is in Kelvins and k is Boltzman’s constant (). Using the table above (Note the 3rd column gives the electrical conductivity at room temperature, i.e. 250C) calculate the intrinsic electrical conductivity of germanium at 2250C.										[8]

4.	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							[2]
		ii)	Population Inversion							[2]
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]


5. In a four level system, electrons are pumped from the ground state (D) to energy level A. 
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a. If the pumping was achieved by the electrons in the ground state absorbing incoming photons, what wavelength would the photons require					[2]
b. As the electrons spontaneously decayed from A to C a photon would be emitted, what
would be the frequency of the photon								[2]
c. How would you describe energy levels A & D		         		[2]
d. What colour laser light would you expect as a result of electron transitions between energy
[bookmark: _GoBack]levels B and D											[4]
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Band Gap Electron Mobility — Hole Mobility

Material (eV) (m*/V-s) (m*/V-s)
Elemental

si 111 4% 107 0.14 005

Ge 0.67 22 038 0.18
11V Compounds

GaP 225 — 0.03 0015

GaAs 142 10°° 085 0.04

InSb 0.17 2% 10* 71 0.07
II-VI Compounds

cds 240 — 0.03

ZnTe 226 — 0.03 0.01
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