
High-speed electronics 2016 

 

Exercise 1: 

 

1.  a) Calculate EF-Ec for a 3D In0.53Ga0.47As at Nd=1016,1018 and 1019 cm-3 for 

T=300K.  

b) Calculate the number of holes at each Nd from EF-EV. 

c) Calculate n0p0 and compare with the mass action law. When is the mass 

action law valid? 

 

2.  A single subband 2D quantum well has ns =3×1012 cm-2 at a low temperature. 

a) Obtain EF-E1 if the quantum well is made of InAs, GaAs or In0.53Ga0.47As. 

b) This illustrates the so called density of states bottle neck for a FET – why 

can a low effective mass lead to a low current in a FET? 

 

3.  A semiconductor has the following charge profile given by 

 

𝜌 = N0cos(𝑥) , |𝑥| ≤ 𝜋 

𝜌 = 0, |𝑥| > 𝜋 
 

For |x|≤2 

a) Plot the charge density.    

b) Calculate & plot the electric field . (-∞)=0 

c) Calculate & plot the electric potential. 

d) Calculate & plot the potential energy 

 

4.  An n-GaAs bar of length L contains a linearly graded doping profile that varies 

from Nd(0)=1016 cm-3 at x=0 to Nd(L)=2×1018 cm-3 at x=L. The bar is being 

maintained under thermal equilibrium at room temperature. 

 

a) Assume that the charge neutrality and Boltzman approximation holds. 

Derive an expression for the electric field (x) in terms of Nd(0) and Nd(L). 

b) Draw the energy diagram for the bar, showing qualitatively the behavior of 

EF, Ec, and Ev as a function of x. 

c) An acceptor impurity concentration of 9×1015 cm-3 is added uniformly to the 

semiconductor. What effect will the added impurity concentration have on the 

electron concentration within the bar? 

 

 

 

 

 

 

 

 

 

 

 

 

 



5. A ballistic, single subband, one-dimensional In0.53Ga0.47As nanowire resistor with a 

length L is kept at T=1K. The carrier concentration inside the resistor is nL=3×106 cm-

1. 

 

a) Calculate the position of the EF-E1. (Hint! F>>1)  

b) A small voltage VDS is applied across the resistor causing a current IDS to 

flow. Show that VDS/IDS=12.9 k. (Hint – 𝐹0 ≈ 𝜂𝐹). 
c) A gate voltage is applied so that instead two sub bands are occupied by 

electrons, show that the resistance becomes 6.5 k 

 

 

Note: This is the so called quantized conductance. For a 1D junction, each subband 

give a minimum resistance of 12.9 k, even if the transport is fully ballistic! 

 

 


