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Problem 1: Metal-semiconductor energy-band diagrams

Sketch the energy-band diagrams indicating the Schottky barrier height (B) and the width of the depletion region (W), for each of the following cases:

a) A contact between NiSi and uniformly doped n-type silicon with ND = 1017 cm-3, VA = 0 V 

b) A contact between NiSi and uniformly doped n-type silicon with ND = 1017 cm-3, VA = -1 V 

c) A contact between NiSi and uniformly doped n-type silicon with ND = 1017 cm-3, VA = 0.2 V 

d) A contact between NiSi and uniformly doped p-type silicon with NA=1017 cm-3, VA = 0 V

Use the realistic Schottky barrier height values given in Lecture 7, Slide 12.  Assume T=300K.
Problem 2: Metal-semiconductor electrostatics  

Suppose the dopant concentration inside a semiconductor component of a M-S diode is linearly graded, i.e. ND(x) = ax.

a) Derive expressions for charge density ρ(x), electric field E(x), electric potential V(x) and depletion width W(VA) inside the semiconductor.  Use the depletion approximation, i.e. assume that the electron and hole concentrations are 0 within the depleted region (for 0<x<W) and that the semiconductor is charge-neutral (ρ=0) outside of the depleted region.
b) Write an expression for the small-signal capacitance of this M-S diode.
Problem 3: Practical ohmic contact 

Consider a M-S junction formed by NiSi in contact with uniformly doped n-type Si.  The Schottky barrier height ΦBn is 0.65eV.  This junction will pass high current under reverse bias (VA < 0 V) by quantum-mechanical tunneling of electrons from the metal into the Si conduction band, if the barrier presented to the electrons is thin enough (<10 nm).  Assume that the onset of efficient tunneling occurs when the Fermi level in the metal is at the same level as the conduction band edge Ec at a distance 10 nm into the Si.

a) What is the minimum value of ND such that this condition would be met in equilibrium?

       (Hint:  Assume that the Fermi level is located at the conduction band edge, i.e. EF = Ec, for very  

                   heavily doped n-type Si.) 

b) Sketch the energy band diagram under the conditions in part (a).

Problem 4: Small-signal capacitance of a Schottky contact

The following data were obtained for metal contacts to uniformly doped n-type silicon, of equal area:
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a) If Schottky theory applies, which metal will probably has the higher work function? 

b) Which data correspond to more lightly doped silicon?  Justify your answer.
