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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. 

 

 Remember that the Bohr radius a0 = 0.529 Å. 
 Next look at what happens when two hydrogen atoms (and their electrons) 

are put with in ~8 Å of one another. 

 

 Per Pauli exclusion principle, both electrons can not have the same 
quantum state ⇒ the E1 energy state splits into two (very close) discrete 
energy states. 
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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A. 
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 Energy states split as atoms get close enough for probability density functions of 

electrons to overlap, i.e.,  E3 first, then E2, … 

 
 Splitting occurs for electrons in outermost energy level (quantum number n = 3). 



ee362_Chap_03_notes.docx                                                                                                                 5 / 42 

EE 362 Electronic, Magnetic, & Optical Properties of Materials, Dr. Montoya 

 



ee362_Chap_03_notes.docx                                                                                                                 6 / 42 

EE 362 Electronic, Magnetic, & Optical Properties of Materials, Dr. Montoya 

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

 
 Approximate as a series of periodic potential barriers, i.e., Kronig-Penney model. 
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 Taking advantage of the fact that the cosine function is periodic, i.e., 
cos (ka) = cos (ka + 2nπ) = cos (ka - 2nπ), 

we can shift parts of the plot in Figure 3.9 to create a plot of E versus k in 
a reduced k-space.  This is shown in Figures 3.10 and 3.11 and serves to 
clearly show the allowed and forbidden energy bands. 
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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. 

 

 Now, let temperature increase so that K.E. = T > 0 

 

 For silicon, we might see 
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 Looking at energy E versus k bands at a) 0 K and b) > 0 K, we see that some 
of the valence electrons in the highest energy states move to some of the 
lowest energy conduction states when there is thermal energy.   

 Note the distribution is shown as symmetric as we are assuming there is no 
externally applied forces or fields. 
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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. 

 

 

 EC is the energy at the bottom of the conduction band (constant). 
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 The electrons are moving right to left while the holes are moving left to right. 
 Looking at the valence energy bands- 

 
 Compare this with earlier energy versus k plots. 
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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. 

 
 Looking ahead to Chapter 4, Table 4.1 gives some typical values (@ 300 K?). 

 
http://apachepersonal.miun.se/~gorthu/halvledare/Effective%20mass%20in%20semiconductors.htm  

Effective mass and energy bandgap of Ge, Si and GaAs 
Name Symbol Germanium Silicon Gallium 

Arsenide 
Smallest energy bandgap at 300 K Eg (eV) 0.66 1.12 1.424 

Effective mass for density of states calculations     

Electrons me
*
,dos/m0 0.56 1.08 0.067 

Holes mh
*
,dos/m0 0.29 0.57/0.811 0.47 

Effective mass for conductivity calculations     

Electrons me
*

,cond/m0 0.12 0.26 0.067 
Holes mh

*
,cond/m0 0.21 0.36/0.3861 0.34 

1 Due to the fact that the heavy hole band does not have a spherical symmetry there is a discrepancy between the 
actual effective mass for density of states and conductivity calculations (number on the right) and the calculated 
value (number on the left) which is based on spherical constant-energy surfaces.  The actual constant-energy 
surfaces in the heavy hole band are "warped", resembling a cube with rounded corners and dented-in faces. 

 

http://apachepersonal.miun.se/%7Egorthu/halvledare/Effective%20mass%20in%20semiconductors.htm
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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. 

 

 Note that fF (E) always passes through 0.5 at E = EF. 
 Note that fF (E) spreads out as temperature increases. 
 

From 
https://lampx.tugraz.at/~hadley/psd/weblectures/Ef_intrinsic/index.php#:~:text=The%20
Fermi%20energy%20is%20in,kBT%20~%200.025%20eV.  

  
  

https://lampx.tugraz.at/%7Ehadley/psd/weblectures/Ef_intrinsic/index.php#:%7E:text=The%20Fermi%20energy%20is%20in,kBT%20%7E%200.025%20eV
https://lampx.tugraz.at/%7Ehadley/psd/weblectures/Ef_intrinsic/index.php#:%7E:text=The%20Fermi%20energy%20is%20in,kBT%20%7E%200.025%20eV
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Using MathCad 
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Using MathCad- 

 


	Effective mass and energy bandgap of Ge, Si and GaAs

