
 

Page 1 of 4   Instructor – Prof. 
Jason Heikenfeld 

 

  
1 - Bands & Carrier Concentration Name:___________________________  
    
g  Ground Rules (Read Carefully!)                      
(1) In this course, you will do the homework in class in groups of ideally 3.   You must change at least one group member 

EACH week to someone you have not had yet or for a long time. 

(2) About 90% of the homeworks can be finished during class.  So if you come in focused and ready to work, all you 
typically have to do before the next class is watch the lecture videos!   What a deal!  If you have never done a flipped 
class like this before, this will feel strange at first, but after a few sessions, you will ‘get it’… 

(3) You must upload your HW to blackboard as word or PDF file before the start of the next class.  Most students just 
take a photo of the whiteboard and insert the solutions as photos into this document.  This is also good, as you will 
have an organized long-term copy of your work for later reference! 

(4) Importantant! There are on-line solutions already available for most of the problems.  You may access these ONLY if: 

(a) you have completed the problem and want to check the solution. 

(b) you are stuck, have asked me or another group for help, and I tell you to check out the solutions (the default is 
always to ask me, so I can teach and help you learn more than just looking at a solution!). 

 (5) When you are done, clean up!  No food or drink other than water please. 

 

g  Problems                          
1) Each group, begin drawing on the board the following: 

(a) a drawing of the conduction band, valence band, and Fermi level for an intrinsic (undoped) semiconductor. 
 
(b) now, assume 300K, and draw with arrows how electrons and holes are created. 
 
(c) next, note that they are always moving around a bit (both electrons and holes) and show with arrows what 
happens when they line-up with each other (hint, if it were not for this, they would reach infinite concentration over 
time). 
 
(d) further label your diagram in the right locations with: ‘free space in between atoms’, ‘the valence orbits of the 
actual atoms’, and ‘energy gap between free space and valance’. 
 
Now take a picture of the diagram and post it below in this document as your homework!  Do this for each problem! 

 
 
2)  Si is doped with 1017 B atoms/cm3.  Assume 300K (as usual). 

(a) What is the equilibrium hole concentration p0?  This is the majority carrier (it is the doped carrier).  Note, I posted 
some key tables at the end of this document.  Keep them handy all semester. 

 

(b) What is the equilibrium electron concentration n0? This is the minority carrier (less than the doped). 

 

(c) Why is the electron concentration so much lower than that for un-doped Si?  One sentence maximum. 
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(d) Lastly, calculate how far the Fermi level (EF) had to shift down compared to the intrinsic Fermi (Ei) level (intrinsic Si 
means un-doped Si).  Use equation .   In this course, at 300K, kT is 0.0259 eV (electron-
volts which is a unit of energy), kT/q is 0.0259 V (volts, you divided by q, which is the charge of an electron or ‘e’). 

 

3) Draw on the board, the carrier concentration plot below.   Give yourself space, because we are going to re-
draw the carrier concentrations for different cases (hence why there are multiple energy axis). 

 
(a) with blue marker - qualitatively plot the mathematical function for density of states and for Fermi distribution for ‘300K’ 

(a) redraw the electron and hole concentrations, density of states, Fermi distribution, and Fermi level, for ‘0K’ 

(c) redraw the electron and hole concentrations, density of states, Fermi distribution, and Fermi level, for ‘300K & n-type’ 

(d) redraw the electron and hole concentrations, density of states, Fermi distribution, and Fermi level, for ‘300K & p-type’ 

(e) take a picture of the diagram and post it below and turn it in with your homework   
 
4) Check below, how a thermally generated electron-hole pair allows electrical conduction. 
__ (a) the hole is positive charge due to lack of an electron, and Si atoms can trade back and forth this lack of an electron. 

__ (b) the electron is freed from the Si atoms and can freely move in between Si atoms. 

__ (c) neither of the above. 

__ (d) both of the above. 

 

5) An insulator like SiO2 or Al2O3 has no electrical conduction, why is this typically? 
__ (a) it has no conduction band or valance band. 

__ (b) it has a conduction and a valence band, but so far apart in energy that at 300K no electrons/holes are generated. 

__ (c) neither of the above. 

 

6) Most often Si is used with n or p-type doping, if we add As to Si, it will bond like other Si atoms and: 
__ (a) it has one less electron than Si so it will create an electron (n-type). 

__ (b) it has one more electron than Si so it will create an electron (n-type). 

__ (c) it has one less electron than Si so it will create a hole (p-type). 

__ (d) it has one more electron than Si so it will create a hole (p-type). 

 

7) Explain in 1-2 sentences max, why the Fermi level is closer to the conduction band for n-type SI. 

3− 25b : po = nie
(Ei−EF )/kT
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8) The y-axis units in this class for energy band diagrams, will always be in ‘eV’ which is ‘electron-Volt’.  We use 
this because it is convenient and allows us ‘whole numbers’ to represent how much energy we have in device 
barriers, band-gaps, etc.  For example, we say Si has a bandgap energy of ~1.1 eV.  Also, our charges, holes and 
electrons, both have a magnitude of ~1.6x10-19 C which instead we can just call ‘e’, and our voltages are just a few 
V typically.  That is more convenient that Joules, which leads us into the questions: 
(a) calculate the energy in Joules for 1 eV (would you want to write this out each time on an energy axis?). 

(b) if I accelerate 1 hole through 4V of voltage (electric field), how much energy in eV will the hole achieve? 

  

9) Si is doped with B atoms, the B atoms have one less electron with Si, so when they bond with the Si they 
‘steal’ and electron from the Si which creates a hole, and which cause B  to have negative charge.  Which is true: 
__ (a) the positively charged holes created by B atoms add to the total electrical conductivity of the Si. 

__ (b) the now negatively charged B atoms add to the total electrical conductivity of the Si. 

__ (c) both of the above. 

__ (d) neither of the above. 

 

10) Easy MATLAB warm-up!  Plot electron conc. in p-type Si vs. Na from 1013 to 1014.  Hint, see end of lecture 1 
power point slides for some code… 
 
  



EECS 2077 - Semiconductor Devices Homework 
 

Page 4 of 4 

 
Here are some key tables that will be useful all semester (from the book). 
 

 

 


