ECE 440 



Homework I



Fall 2009

Print your name and netid legibly. Show all work leading to your answer clearly and neatly. Staple multiple pages.   
1. In this problem, we will be partly using a web-based simulations that are contained within the  NanoHUB website (a NSF sponsored education and research resource), which can be found at: https://www.nanohub.org/.   You will need to register at this site (look in upper  right hand corner of NanoHUB homepage) in order to access the simulation applets.  We will particulary use the applet Crystal Viewer found on the NanoHUB to help you visualize semiconductor crystal structures. Please experiment  with this applet and become comfortable visualizing semiconductor crystal structures. Use the mouse to manipulate and rotate the crystal  as needed.  The link to the applet is  https://www.nanohub.org/resources/3741 
a) In terms of the lattice constant a, what is the distance between the nearest-  
      neighbour atoms in a bcc lattice? an fcc lattice?  Verify your results using the 
      applet.

b) How many atoms are found inside a unit cell of a simple cubic (sc), body-  

      centered  cubic (bcc), face-centered cubic (fcc), diamond structure, and zinc-
      blende structure crystal? Find the maximum fractions of the unit cell volume that 
      can be filled by hard sphere in the sc, bcc, fcc and diamond lattices (see example 
                  1-1, p.6 in Streetman). If  all unit cells have the same lattice constants, i.e. the unit 
                  cell dimension, which structure among sc, bcc, fcc, diamond and zincbelnde has 
                  the largest atomic density (atoms/cm3)? Which of them has the highest packing 
                  density, i.e. highest volume  fraction being occupied by hard spheres?   How many 
                  atoms are found inside a unit cell of a simple cubic (sc), body-centered cubic 
                  (bcc), face-centered cubic (fcc), diamond structure, and zinc-blende structure 
                  crystal? Find the maximum fractions of the unit cell volume that can be filled by
                   hard sphere in the sc, bcc, fcc and diamond lattices (see example 1-1, p.6 in 
                  Streetman). If all unit cells have the same lattice constants, i.e. the unit cell 
                  dimension, which structure among sc, bcc, fcc, diamond and zincbelnde has the 
                  largest atomic density (atoms/cm3)? Which of them has the highest packing? 
                  density, i.e. highest volume fraction being occupied by hard spheres?

2. Calculate the densities of Ge and GaAs from the lattice constants (Appendix III), atomic weights, and Avogadro’s number. Compare the results with the densities given in Appendix III.

3. If the wavelength of a photon is equal to the lattice constant of silicon, what is its energy (in eV), and wave number (in cm-1)? If the energy of a photon is equal to the silicon band gap, what is its wavelength (in cm), and how many lattice constants does it span?

