ELEC321, LAB #1


LAB #1

THE CRYSTALLOGRAPHY AND MILLER INDICES
The Objectives:
1. To study simple crystal lattices using a simulation packages.

THE THEORY:

Solid state semiconductor technology has brought valuable systems within our reach. These advances in solid state electronic products were not possible without a good understanding of semiconductor properties.

In this lab we will study the structure of some basic crystals which are the foundation of the more complex structure of semiconductor materials.

We will study Simple Cubic (SC), Face Centered Cubic (FCC) and Body Centered Cubic (BCC) structures using CaR Ine. Crystallography simulation package.
THE PROCEDURE:

1. Build a SC with a = 4Å, using the following procedure:

i. Click on the Cell menu and select the Creation command. The window shown in figure 1 should appear on the screen.
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ii. Input the following data to that window: a = b = c = 4 Å, ( = ( = ( = 90o, R= 2 Å, Oxide = 0, Occupancy = 1.00.

iii. Click on Add and then on OK. A side view of the SC structure should appear as shown in figure 2.


iv. Using the Rotation window shown in figure 3, rotate the crystal to get a 3D look at it. This can be done by clicking the [Rotate (+) or Rotate (-) around the XX’ axis]. Also, we can rotate the structure around the YY’ and ZZ’ axis. The amount of the rotation for each click corresponds to the input angle, associated with each axis.

 


Answer the following questions in your lab report. Use first the paper & pencil method then the software to verify your answers:

a) What is the number of atoms appearing on the screen? [Use the (count atoms) function from the (Calcul.) menu], is it equal to the number of atoms inside the unit cell?

b) What is the minimum distance between any two adjacent atoms? [Use the function (distance between two atoms) from the (Calcul.) menu. Then click on the two atoms for which you want to know the distance, a window will appear that tells the distance as well as the location of the two chosen atoms. You can also select the function (distance between two atoms) using the short cut icon on the Crystal tool bar, which is shown in figure 4.]

c) What is the volume of the unit cell? [Use the function (unit cell volume) from the (Calcul.) menu].

d) What percentage of the unit cell is occupied by the atom? [Use the function (unit cell density) from the (Calcul.) menu].

e) What is the Miller Indices of the plane that cuts through the three atoms located at       (x =1,y = 0,z = 0), (x = 1,y = 1,z = 0), and (x = 0,y = 1,z = 0)? [Use the command (hkl) with mouse from the (hkl/uvw) menu. Then click on the three atoms that correspond to those mentioned above, a window would appear stating the Miller Indices of the plane. You can also select the function ([hkl] with mouse) by using the short cut icon on the Crystal tool bar, which is shown in figure 4.]
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f) What is the Miller Indices of the plane that cuts through the three atoms located at (x=1,y= 0,z = 1), (x = 1,y = 1,z = 1), and (x = 0,y = 1,z = 1)? [Use the command (hkl) with mouse from the (hkl/uvw) menu.], Is this plane different from that in part (e)?

g) What are the coordinates of the atoms that the plane (111) will cut through? [Use (choice of (hkl) planes) command from the hkl/uvw menu.]

h) What is the maximum area of the triangular made by the centers of these atoms obtained in part (g)?

i) What is the surface density of the (111) plane?

2. Build a BCC with a = 4Å, using the following procedure:

i. Click on the Cell menu and select the Creation command by clicking on it, the window shown in figure 1 should appear on the screen.

ii. Keep the old data only change R =1.73 Å then press MODIFY.

iii. Also, input the following X = 1/2, Y = 1/2, Z = 1/2, R=1.73 Å then Click on Add and then on OK. A side view of the BCC structure should appear.

iv. Using the Rotation window shown in figure 3, rotate the crystal to get a 3D look at it. This can be done by clicking the [Rotate (+) or Rotate (-) around the XX’ axis]. Also, we can rotate the structure around the YY’ and ZZ’ axis. The amount of the rotation for each click corresponds to the input angle, associated with each axis.

Answer the following questions in your lab report. Use first the paper & pencil method then the software to verify your answers:

a) What is the number of atoms appearing on the screen? [Use the (count atoms) function from the (Calcul.) menu], is it equal to the number of atoms inside the unit cell?

b) What is the minimum distance between any two adjacent atoms? [Use the function (distance between two atoms) from the (Calcul.) menu. Then click on the two atoms, for which you want to know the distance, a window will appear that tells the distance as well as the location of the two atoms.]

c) What is the volume of the unit cell? [Use the function (unit cell volume) from the(Calcul.) menu.]

d) What percentage of the unit cell is occupied by the atom? [Use the function (unit cell density) from the (Calcul.) menu.]

e) What is the Miller Indices of the plane that cuts through the three atoms located at     (x =1,y = 0,z = 0), (x= 1,y = 0,z = 1), and (x = 0,y = 0,z = 1)? [Use the command {(hkl) with mouse} from the [hkl/uvw] menu. Then click on the three atoms that correspond to those mentioned above, a window will appear stating the Miller Indices of the plane.]

f) What is the Miller Indices of the plane that cuts through the three atoms located at   (x=1,y= 1,z = 0), (x = 1,y = 1,z = 1), and (x = 0,y = 1,z = 1)? [Use the command {(hkl) with mouse} from the [hkl/uvw] menu.], Is it different from that in part (e)?

g) What are the coordinates of the atoms that the plane (110) will cut through? [Use (choice of (hkl) planes) command from the hkl/uvw menu.]

h) What is the maximum area of the rectangle that is constructed by the centers of those atoms obtained in part (g)?

i) What is the surface density of the (110) plane?

3.
 Build a FCC for a = 4Å, using the following procedure:

i. Click on the Cell menu and select the Creation command, the window shown in figure 1 should appear on the screen.

ii. Delete the last addition made for the of BCC i.e. (X = 1/2, Y = 1/2, Z = 1/2).

iii. Change the radius to R = 1.44 Å, then press MODIFY.

iv. Then input the following data: 1. X = 1/2, Y = 1/2, Z = 0, R=1.44 Å and press Add. 2. X = 0, Y = 1/2, Z = 1/2, R = 1.44 Å and press Add. 3.  X = 1/2, Y = 0, Z = 1/2, R= 1.44 Å and press Add. Click OK. A side view of the FCC structure should appear.

v. Using the Rotation window shown in figure 3, rotate the crystal to get a 3D look at it. This can be done by clicking on the [Rotate (+) or the Rotate (-) around the XX’ axis]. Also, we can rotate the structure around the YY’ and ZZ’ axis. The amount of the rotation corresponds to the input angle, associated with each axis.

Answer the following questions in your lab report. Use first the paper & pencil method then the software to verify your answers:

a) What is the number of atoms appearing on the screen? [Use the (count atoms) function from the (Calcul.) menu], is it equal to the number of atoms inside the unit cell?

b) What is the minimum distance between any two adjacent atoms? [Use the function (distance between two atoms) from the (Calcul.) menu. Then click on the two atoms for which you want to know the distance, a window will appear that tells the distance as well as the location of those atoms.]

c) What is the volume of the unit cell? [Use the function (unit cell volume) from the (Calcul.) menu.]

d) What percentage of the unit cell is occupied by the atom?  [Use the function (unit cell density) from the (Calcul.) menu.]

e) What is the Miller Indices of the plane that cuts through the three atoms located at   (x =0,y = 0,z = 0), (x = 0,y = 0,z = 1), and (x = 0,y = 1,z = 1)? [Use the command {(hkl) with mouse} from the [hkl/uvw] menu. Then click on the three atoms that correspond to those mentioned above, a window will appear stating the Miller Indices of the plane.]

f) What is the Miller Indices of the plane that cuts through the three atoms located at  (x =1,y= 1,z = 0), (x = 1,y = 0,z = 1), and (x = 1,y = 1,z = 1)? [use the command {(hkl) with mouse} from the [hkl/uvw] menu.], Is it different from that in part (e)?

g) What are the coordinates of the atoms that the plane (101) will cut through? [Use (choice of (hkl) planes) command from the hkl/uvw menu.]

h) What is the maximum area of the rectangle that is constructed by the centers of those atoms obtained in part (g)?
i) What is the surface density of the (101) plane?
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Figure 1





To input the radius R, click on it 





Figure 2





Click to Rotate (-10º) around the XX’ axis





Click to Rotate (+10º) around the XX’ axis
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Click to increase the corresponding angle value





The corresponding angle to each axis





Figure 3





The distance between two atoms





Identifying the (hkl) using the mouse
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Figure 4
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