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Exercise Background 
 
(This exercise is a part of the assignment that deals with electronic structure of materials and 
uses the band structure lab as the designated nanoHUB tool) 
 
In certain semiconductors such as GaAs and InP the average velocity as a function of field 
strength displays a maximum followed by a regime of decreasing velocity. Hilsum, Ridley, 
and Watkins postulated that peculiarities in the band structure of semiconductors would lead 
to the above phenomenon. The conduction band in compound semiconductors such as GaAs 
has away from the Ã point (centre of Brillouin zone) local minima at the X and L valleys 
(satellite valleys). These valleys are a few hundred meV above the Ã valley. The application 
of a sufficiently strong electric field will accelerate the electrons from the Ã valley to the L 
valley where they may be subsequently scattered. At the L valley the electron velocities are 
greatly reduced. This drop in velocity was experimentally demonstrated by J. B. Gunn. In the 
set of questions that follow we will examine the reasons for this reduction in velocity and 
how this phenomenon has been commercially exploited. 
 
Note that negative differential resistance (NDR) is not limited to semiconductors and can be 
achieved with a tunnel junction also (see Ref. 2). 
 
Exercise Objectives 
 

1. Understand the Gunn Effect. 
2. Commercial exploitation of the Gunn Effect. 

 
Relevant Literature 
 
Useful texts to supplement your knowledge are suggested below: 
 
1.  D. Vasileska, S. M. Goodnick and G. Klimeck, Computational Electronics: From Semi 

classical to Quantum Transport Modeling (CRC Press, June 2010). 
 
2.  L. Solymar, D. Walsh Electrical Properties of Materials, Oxford University Press,  
     (2009), Chapter 9. 
  
3.  K. Brennan, A. Brown, Theory of Modern Electronic Semiconductor Devices, Wiley- 
     Interscience (2002). 
 
 
 
 
 
 
 
 
 



Exercise: 
 
This set of exercises will allow you to make simple calculations and review the essential 
physics of related devices. Our experimental sample is assumed to be GaAs of length L and 
area A. 
 

1. The mechanism producing NDR was attributed to the transfer of electrons from the 
central to higher energy satellite valleys. Write down in 3-4 lines the two most 
important conditions necessary to accomplish this transfer. 

 
2. The occurrence of NDR is also explained in terms of k-space transfer, an inherent 

property which can�t be altered easily. The equilibrium electron concentration is n0  

and fluctuation is ∆n. Derive an equation that expresses the spatial and temporal 
variation of the electron concentration 

 
3. The solution that you obtain in sub-part 2) has an exponential time dependence [exp (-

t/ô)]. For our case, what should be the nature of ô to produce NDR effects in the 
sample? 

 
4. NDR is usually of two types; voltage controlled and current controlled. Sketch simple 

current vs. field graphs for the two cases mentioned. 
 

5. A Monte-Carlo simulation is usually performed to simulate the k-space transfer of 
electrons. GaAs is modeled as a two-valley system and conductivity is given as 

  q( n XnX  . n and nX denotes the electron concentration in the central ( ) 

and satellite (X) valleys. Derive a relationship between the rates of change of 
concentration of electrons w.r.t. applied electric field in the two valleys. 

 
6. Using results of sub-part 5) derive the inequality that must hold for conditions of 

NDR to be satisfied.  Your answer should be expressed as a function of electron 
mobilities in the two valleys, external electric field and the constant p. Hint: The 
condition for NDR is that derivative of current density with respect to external electric 
field is less than zero. 

 
7. Using the expression that you obtain in sub-part 5), prove heuristically that mobility 

in the central valley should exceed that of the satellite valley for NDR to hold. 
 

8. For our GaAs sample, write down representative values for the valley separation 
energies and effective masses; satisfy yourself that these numbers indeed allow for k-
space transfer. 

 
9. InAs is a narrow direct band-gap semiconductor and exhibits similar properties as 

GaAs, yet NDR isn�t readily observed in it. Explain as to which property of InAs 
masks the occurrence of this phenomenon. Cite a reference to support your answer. 

 
10. We will carry out a simple conductivity calculation (at room temperature, T = 300 K) 

for a two-valley model under the following conditions. 
o Applied electric field F in kV/cm 
o Total electron concentration N in cm-3 
o Energy Relaxation time  in ps 



o Upper valley degeneracy: s 
o Steady state velocity (lower valley): v cm/s 
o Mobility of high and low energy valleys -H  and L  (cm2 /V.s) respectively 

Assume the effective masses in the higher and lower valleys are mh  and ml  
respectively. Using the information supplied, derive an expression for conductivity. 
 
Perform a literature search to determine realistic values for the above parameters. You 
may choose the material to be GaAs. 

 
[Hint: Use the relaxation time approximation to compute the final energy of the system]. 


