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Problem 8.1 (ZigZag Carbon Nanotubes) 
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The subband dispersions for this value of yk  are: 

( ) ( ) ( )22 31 RKkvEkE xxp +−±= !
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The bandgap is the difference between the energies of the conduction and valence subbands when  

xx Kk =  and equals Rv 32! . For a 1 nm radius nanotube, the bandgap is 0.44 eV.  
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c) At T=0K, 
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d) Start from: ( ) ( ) ( )22 31 RKkvEkE xxp +−±= !
"

 and perform a Taylor expansion for small 

values of ( )xx Kk −  to get, ( ) ( )
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implies, Rvmm he 3!== . So the effective masses get smaller with increase in radius (or decrease in 
bandgap). This relation between bandgaps and effective masses is a common property of almost all 
semiconductor systems in 1D, 2D, and 3D.  
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Problem 8.2 (Ballistic Transistor Characteristics and Quantum Effects) 
 

(a) Here is the Mathematica code: 
 
 

 
 
The plots are in the next page: 
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Plots for Problem 8.2 (a): Logscale and Linear plots of the 2DEG density vs the gate voltage.  The colors: 
Red is for m*=0.2m0, gs=2, gv=2, Blue for m*=0.2m0, gs=2, gv=1, and Green for m*=0.05m0, gs=2, gv=1.  
As the net DOS increases with higher effective mass or number of valleys, a smaller gate voltage 
generates more 2DEG charge. 
 
 
 
(b)  This follows directly from the definition of the 3D band edge DOS NC and the formulae derived in 
class and notes for the ballistic FET. 
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(c) Here is the Mathematica code: 
 

 

 

 
And the ballistic FET plots are in the next page: 
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Plots for Problem 8.3: Logscale and Linear plots of the Ballistic FET characteristics.  The colors: Red is 
for m*=0.2m0, gs=2, gv=2, Blue for m*=0.2m0, gs=2, gv=1, and Green for m*=0.05m0, gs=2, gv=1.  As the 
net DOS increases with higher effective mass or number of valleys, a smaller gate voltage generates more 
2DEG charge, but the group velocity of the low effective mass semiconductor lets it drive more on 
current, and slightly lower off current.  In the Id-Vds curves below, the current saturates, which is an 
important characteristic of any transistor that has gain.  
 

 
 
(d) The qualitative features of a 1D channel FET will not be much different from the 2D channel.  The 
maximum conductance will however be limited by the quantum of conductance for the 1D channel.  See 
Problem 8.3 (b), where this is derived for a topological edge state – but this is universal, and does not 
depend on the bandstructure details.  Also look at the notes on quantum transport, where this is derived.    
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Problem 8.3 (Topological Insulator Field-Effect Transistors) 
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Figure from “Quantum Spin Hall Insulator State in HgTe Quantum Wells”, Markus Konig et al., Science 
vol 318, pg 766, 2007. 
 
 
8.3(f) This is a research problem.  If you are interested in working on it, please talk to me! 
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Problem 8.4 (Boltzmann Transport in d-dimensions) 
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Problem 8.5 (Scattering from uncorrelated events) 
 

 

 


