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ECE 440 



Homework V


Fall 2009

Please write your name and net ID on your homework. Show all work leading to your answer.

1.  The acceptor profile of a silicon sample is shown below. Assume that the majority carrier mobility can be obtained from Fig. 3-23 (or the enlarged graph posted in the 440 website), and the sample is at thermal equilibrium at 300 K.

(a) Determine the diffusion coefficients for majority carriers at points A, B and C, respectively.

      (b) Find the majority carrier diffusion current densities along the cross sections at points A, B and C, respectively. Indicate not only the magnitude but also the direction. 

(c) Find an expression for the built-in electric field E(x) at equilibrium over the range from x= 1µm to x=3 µm.

(d) Sketch a band diagram such as in Fig. 4-15 over the range from x= 1µm to x=3 µm and indicate the direction of E. 


2.
A Schottky barrier is formed between a metal having a work function of 4.3 eV and p-type Si (electron affinity = 4 eV). The acceptor doping in the Si is 8x1017/cm3. (a) Draw the equilibrium band diagram showing a numerical value for qVo. (b) Draw the band diagram with 0.4 V forward bias with details including the width of the depletion region and other quantities. (c) Repeat part (b) for 2.5V reverse bias. Note the nanohub tool we will use in problem 3 cannot draw the energy bands with applied bias, so you’ll have to do it by hand


3.  Metal-Oxide-Semiconductor (MOS) Capacitor Simulation.  We will use the following tool in this exercise:
https://nanohub.org/resources/moscap
The tool explores the solution of 1-D MOS capacitor. All of the interesting physics occurs near the band bending. As such, we will explore the effect of band bending on the behavior of MOS capacitor.  As always, please explore the tool before you answer the following questions.  Assume that the default input values given in the tool is used unless otherwise stated.  

a.) Consider a p-type semiconductor doped with NA = 1x1015cm-3 with a gate work function set to 4.05 eV.   Answer the following question for VG =0.              

I. Sketch the energy band diagram before the MOS junction is joined (i.e. without band bending), similar to that shown in Figure 6-12a (Streetman).  Clearly label the band diagram and show numerical values for electron affinity, semiconductor work function and metal work function as you did for problem 2.  

II. Using the tool, plot the Energy band diagram (VG =0).  Explain what causes the band bending?

III. Does the energy diagram in part (II) appear to be in accumulation, inversion or depletion mode? Explain by comparing |Ef-Ei| in the bulk with the |Ef-Ei| near the Silicon-Oxide interface.  How does |Ef-Ei| vary with NA?

IV. Does the work function difference between the semiconductor and metal yield an Ohmic or Schottky barrier? Could you verify this by a mere inspection of the energy band diagram given in (II) (If yes, explain)? 
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