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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A. 
Neamen, McGraw Hill,  2012, ISBN 978-0-07-352958-5. 
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Bravais Lattices 

From https://www.chm.bris.ac.uk/webprojects2003/cook/lattic1.gif  

 
  

https://www.chm.bris.ac.uk/webprojects2003/cook/lattic1.gif
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From https://www.xtal.iqfr.csic.es/Cristalografia/archivos_03/bravais-en.jpg  
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Example-  Calculate some quantities for sodium chloride/NaCl (AKA salt) crystal.   

Per Wikipedia, sodium chloride (NaCl) has a face-centered cubic lattice/unit cell crystal 
structure (see below) with a lattice constant of 564 pm = 5.64 Å. 

 
We can see that it can be broken into primitive cells with a simple cubic lattice with Na 
and Cl atoms occupying alternate corners with a lattice constant of 282 pm = 2.82 Å. 
 

The atomic surface density (asd) of the top face of the cubic lattice would be: 

( )212

# atoms on top 4 (0.25)
area of top 282*10

topasd
−

= =       

⇒   asdtop = 1.2575 × 1019 atoms/m2 = 1.2575 × 1015 atoms/cm2. 
 

The atomic volume density (avd) of the NaCl cubic lattice would be: 

( )NaCl 312

# atoms in cell 8 (0.125)
volume of cell 282*10

avd
−

= =       

⇒   avdNaCl = 4.459 × 1028 atoms/m3 = 4.459 × 1022 atoms/cm3. 
 

The atomic volume density (avd) of the Na and Cl atoms would be: 

Na Cl NaCl0.5avd avd avd= =    
⇒ avdNa = avdCl = 2.23 × 1028 atoms/m3 = 2.23 × 1022 atoms/cm3. 

 

To get the mass density (mdNaCl), we get the atomic mass for Na (22.99) and Cl (35.45) 
from the periodic table and use the atomic volume densities & Avogadro’s constant NA. 

Na Cl
NaCl

28 28

23

(atomic weight of Na) + (atomic weight of Cl)

2.23*10 (22.99) 2.23*10 (35.45)
6.02214*10

A

avd avdmd
N

=

+
=

      

⇒   mdNaCl = 2.16 × 106 g/m3 = 2.16 g/cm3. 
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Examples of semiconductor lattices 
[From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A. Neamen, McGraw Hill,  
2012, ISBN 978-0-07-352958-5.] 

Both group IV semiconductors, germanium or Ge and silicon or Si, have unit 
cube/cell(s) as shown below.  They consist of  two sublattices, each face centered 
cubic (fcc) that overlap in a structure called a diamond lattice. 
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A gallium arsenide or GaAs unit cube/cell is shown below.  It consists of  two 
sublattices, each face centered cubic (fcc) and offset with respect to each other 
by half the diagonal of the fcc cube, a crystal configuration known as cubic 
sphalerite/sphalerite or zinc blende/zincblende.  The key difference from the 
diamond lattice is that there are two different elements involved. 
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Examples of Imperfections and Impurities in crystal lattices 
From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A. Neamen, McGraw Hill,  2012, 
ISBN 978-0-07-352958-5. 

 
 

 
https://www.minaprem.com/materials-science/defects/substitutional-defect-point-defect-defects-in-solid/  
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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A. Neamen, McGraw Hill,  2012, 
ISBN 978-0-07-352958-5. 

 
 

From 
https://www.substech.com/dokuwiki/doku.php?id=imperfections_of_crystal_structure  

 

https://www.substech.com/dokuwiki/doku.php?id=imperfections_of_crystal_structure

